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Developed by teachers for students

Tried, tested and trusted. Every lesson in the new Jacaranda Science Quest series has been
carefully designed to support teachers and help students succeed by sparking their curiosity
about the world around them.

Because both what and how students learn matter

A\
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Learning is personal Learning is effortful Learning is rewarding
Whether students need a challenge or a Learning happens when Through real-time results data,
helping hand, you’ll find what you need students push themselves. students can track and monitor

to create engaging lessons. With learnON, Australia’s their own progress and easily

. most powerful online identify areas of strength
Whether in class or at home, students learning platform, students and weakness.

can access carefully scaffolded and
sequenced lessons to support in-depth
Science Inquiry Skills development and

can challenge themselves,
build confidence and
ultimately achieve success.

And for teachers, Learning
Analytics provide valuable

step students through scientific inquiry insights to support student
with engaging interactive content and growth and drive informed
practical investigations. Automatically intervention strategies.

marked, differentiated question sets are
all supported by detailed solutions — so
students can get unstuck and progress!
ABOUT THIS RESOURCE vii



| earn online with Australia’s most

in one simple view

Practical teaching advice and ideas for

viii

each lesson provided in teachON

Reading content and rich media
including embedded videos
and interactivities
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Trusted, curriculum-aligned content

Engaging, rich multimedia

All the teaching-support resources you need

¢ Deep insights into progress

Immediate feedback for students

Create custom assignments in just a few clicks.

4.4 Relationships in ecosystems 4.4 teachON

4.4 Exercise

LESSON 4.4

- ' . s SELECT YOUR PATH
Relationships in ecosystems

Questio!
LEARNING INTENTION 1.3,5,7,

At the end of this lesson, you will understand that ecosystems are
made of living things interacting with each other through feeding
relationships, and be able to identify and classify producers, Q1
consumers and relationships.

Remember and u

Match each term with its me

4.4.1 Interacting through feeding P
relationships

Omnivores
If you want to get into the ‘zone’ to effectively think and learn about
ecosystems, you need to focus on relationships and interactions. To get Hetbivores
started, carefully observe figure 4.20. How many different types of
interactions can you see occurring?
Carnivores
FIGURE 4.20 Within an ecosystem, organisms interact with each other
and with their non-living environment. Dacompose
Organisms that brea
Con

Organisms that can



powerful learning tool, learnON

<5 SHARE °Sfudem

¥
447TBQ

WAY
=]
1S: Questions: Questions:
10 2,481,114 6,9,12,13
nderstand
3NING.

G——p

—G

O,

o9

0
« down dgad organisms Animals that eat only plants
sumers that eat both plants and animals
roduce their own food Animals that eat other animals

’ 5 mark(s)

4.5 FOOD CHAINS AND FOOD WEBS

S32UNOSI

No Class @ CI ? AT

RESOURCES

Topic PDF
eWorkbook

Solutions

Practical investigation eLogbook
Digital documents

Teacher-led videos

Video eLessons

Interactivities

ProjectsPLUS

Weblinks

eWorkbook

Practical investigation...
Digital documents

Weblinks
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New! Quick Quiz questions
for skill acquisition

Differentiated question sets

Teacher and student views

Textbook questions

Fully worked solutions

eWorkbook
Practical investigation eLogbooks
Digital documents
Video elLessons

Interactivities

Extra teaching support resources

Interactive questions with
immediate feedback
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Get the most from your
online resources

Trusted Jacaranda theory, plus tools
to support teaching and make learning
more engaging, personalised and visible.

complete package
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onResources link to targeted
digital resources including video
elLessons and weblinks.

Tables and images break down
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understand complex concepts.
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Brand new! Quick
Quiz questions for skill
acquisition in every
lesson.
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LESSON 36
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: Three differentiated question sets,
with immediate feedback in every
lesson, enable students to challenge

themselves at their own level.

Instant reports give students visibility
into progress and performance.
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Every question has immediate,
corrective feedback to help students
overcome misconceptions as they
occur and get unstuck as they study
independently — in class and at home.
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Practical Investigation eLogbook

The practical investigation eLogbook ignites
curiosity through science investigation work, with an
extensive range of exciting and meaningful practical
investigations. Aligned with the scientific method,
students can develop rich science inquiry skills in
conducting scientific investigations and communicating
their findings, allowing them to truly think and act like
scientists! The practical investigation eLogbook is
supported with an unrivalled teacher and laboratory
guide, which provides suggestions for differentiation
and alteration, risk assessments, expected practical
results and exemplary responses.

eWorkbook

—

INVESTIGATION 6.1

—

INVESTIGATION 6.2

Xii

ABOUT THIS RESOURCE

Ranking substances

nvestigating the prop

quids and gases EACHER

ATORY NOTES
TEACHER LABORATOR'

Enhanced practical investigation support includes
practical investigation videos and an eLogbook with
fully customisable practical investigations — including
teacher advice and risk assessments.

The eWorkbook is the perfect companion to

the series, adding another layer of individualised
learning opportunities for students, and catering
for multiple entry and exit points in student
learning. The eWorkbook also features fun and
engaging activities for students of all abilities and
offers a space for students to reflect on their own
learning. The new eWorkbook and eWorkbook
solutions are available as a downloadable PDF or
a customisable Word document in learnON.



A wealth of teacher resources

Enhanced teaching-support resources

for every lesson, including:

e work programs and curriculum grids

¢ practical teaching advice

¢ three levels of differentiated teaching
programs

e quarantined topic tests (with solutions)

learn el i s Qi 740

« -
2 e

Customise and assign J§ -

0 Probsbifey

An inbuilt testmaker enables you to create custom
assignments and tests from the complete bank of

thousands of questions for immediate, spaced and
mixed practice.

Reports and results

Data analytics and instant reports provide data-driven
insights into progress and performance within each
lesson and across the entire course.

Show students (and their parents or carers) their own
assessment data in fine detail. You can filter their
results to identify areas of strength and weakness.
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SCIENCE INQUIRY AND INVESTIGATIONS

Science inquiry is a central component of the Science curriculum. Investigations, supported
by a Practical investigation eLogbook and teacher-led videos, are included in this topic
to provide opportunities to build Science inquiry skills through undertaking investigations and
communicating findings.




LESSON
1.1 Overview

Hey students! Bring these pages to life online AN &Zq
Watch Engage with Answer questions ',) 9
videos interactivities and check results /'

Find all this and MORE in jacPLUS (C)

First Nations Australian readers are advised that this lesson and relevant resources may contain images of and
references to people who have died.

1.1.1 Introduction

You can find out a lot about science from books and the FIGURE 1.1 The best way to understand science
internet, but the best way to learn about it is to conduct is to conduct your own investigations.
your own scientific investigations. Whether you are a s
professional scientist, or a student at school or home,
every investigation starts with a question — and a plan.

In this topic, and throughout your science studies this
year, you will develop your skills as a scientist. While
science inquiry starts with a question, to understand the
natural world you need to make predictions (hypotheses)
that you can test with experiments or observations. These
tests need to be

planned and carried out using the scientific method.

This ensures your results are reliable and robust. If

the results of your investigation do not support your
hypothesis, it does not mean your investigation is a failure, it just means you need to change your hypothesis.
Scientific knowledge is based on refining hypotheses and experimental methods, identifying relationships,
evaluating claims, drawing conclusions and then communicating this knowledge appropriately.

Resources

Video eLesson Australia’s top scientists (eles-1079)

Watch this video eLesson to hear what inspires Australian scientists. The scientists
in this video have been recognised as leaders in their fields of research and are
elected fellows of the Australian Academy of Science.

Weblink The Australian Academy of Science

1.1.2 Think about science

How do all scientific investigations begin?

Which great medical discovery was helped along by a single teardrop?
Why is planning so important to a scientific investigation?

What is a controlled variable?

How can a spreadsheet save you time in a scientific investigation?

How does a data logger improve the gathering of data?

Which scientific discovery do you think has changed the world the most?

SRCR O CIRIORES
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1.1.3 Science inquiry

Scientific inquiry starts with a question

Questions, questions, questions! That’s what scientific research is all about — questions such as:
® How old is the universe?
® Why did dinosaurs become extinct?
* What is the smallest particle inside an atom?
® How can the common cold be cured?

Every science investigation, whether it is conducted in a government research laboratory, a hospital, a museum or
a space shuttle, begins with at least one question.

FIGURE 1.2 What is the best shape for a boomerang?

Although you are unlikely to even attempt to try to answer the preceding questions in your school science
laboratory, there are many scientific questions that you can answer. Here are some examples:

* Does an audience affect the performance of an athlete?

® What is the best shape for a boomerang?

* Which type of soil do earthworms prefer?

* How do heating and cooling affect the way that rubber stretches?

What can | investigate?

1. In groups, brainstorm a list of questions that could be answered by doing an investigation in a school science
laboratory. Record all the questions that are suggested even if they seem silly or difficult. The examples above
might help you to think of some other ideas.

2. From your list, remove any questions that the group feels are not likely to be answered because of a lack of the
right equipment. Keep a record of the questions that are removed for this reason to submit to your teacher.
You may find that equipment you thought was unavailable can be obtained, or that the question can be
answered with different equipment.

3. From your list, remove any questions that the group feels would be unsafe to try to answer, or that would be
cruel to animals.

4. Submit the remaining questions to your teacher for discussion by the whole class.

Resources
eWorkbooks Topic 1 eWorkbook (ewbk-12189)
Student learning matrix (ewbk-12191)
Starter activity (ewbk-12192)
Solutions Topic 1 Solutions (sol-1135)

Practical investigation eLogbook Topic 1 Practical investigation eLogbook (elog-2237)
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LESSON
1.2 Scientists through the ages

LEARNING INTENTION

At the end of this lesson you will be able to explain how scientific understanding is open to scrutiny and is refined
over time, often relying on developments in technology and technological advances.

1.2.1 Early scientists

When you think of scientists, what image do you have in your mind? Albert Einstein? Marie Curie?
Unfortunately, scientists are sometimes poorly portrayed as stereotypes in the media. The fact is, scientists are
normal people who live similar lives to the rest of us.

Before putting on ‘the shoes of a scientist’ to conduct your own investigation, it’s worth asking the question
‘What, or who, is a scientist?” The answer to that question has been changing constantly for more than
2000 years.

The ancient Greek ‘scientists’ were very different from the scientists of today. They were called philosophers.
The ancient Greek philosophers were curious and made accurate observations but they didn’t perform
experiments to test their ideas. They were thinkers, who tried to explain the structure of matter, the Sun and the
night sky. They walked the streets, discussing their ideas about nature, politics and religion with each other and
their followers.

FIGURE 1.3 The Ancient Greek philosophers were some of the first people to question the nature of the world.

[T AGTOV Zorpdns ApioToTéNNG

Platon Socrates Aristotéles

Although the ideas of the ancient Greek philosophers were limited by a lack of technology, they provided a
stepping stone for the more recent growth in scientific knowledge.

One of the early Greek philosophers was Democritus who, in about 500 BC, suggested that all matter was made
of tiny particles.

Aristotle, born in Greece 14 years after the death of Democritus, reasoned that all matter was composed of
four elements — earth, air, fire and water. About 2000 years later, Scottish scientist Joseph Black (1728-1798)
discovered a fifth ‘element’. He had discovered a new gas that he called ‘fixed air’. We now call the gas carbon
dioxide and know that it is not an element.

4 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition



DISCUSSION

Find out about the Hippocratic Oath and discuss why it is important to medical practitioners.

There are many other examples, including Hippocrates, born in the same year as Democritus, who taught his
medical students to use observation rather than theory to diagnose illness. Hippocrates is regarded by many as

the father of modern medicine.

Almost without exception, present-day scientific discoveries depend on work done previously by other scientists.

1.2.2 The scientific revolution

The way in which scientists worked changed greatly
during the lifetime of Galileo Galilei (1564—1642),
who is probably best known for being the first person
to use a telescope to study the Moon, planets and
stars. Galileo also performed many experiments

to investigate the motion of objects on the Earth’s
surface.

Galileo wrote about the need for controlled
experiments and the importance of accurate
observations and mathematical analysis. In fact,
Galileo is described by many scientists and historians
as the founder of the scientific method.

Galileo’s legacy

Some of the great scientists of the seventeenth century
who followed Galileo and used the scientific methods
he wrote about were:
¢ Johannes Kepler (1571-1630), who developed
a number of laws about the motion of planets
around the Sun
e William Harvey (1578-1657), who used
scientific methods to discover how blood
circulates through the human body
e Robert Boyle (1627-1691), who applied the
scientific method in chemistry to investigate the
structure of matter more than 200 years before
the current model of the atom was developed
e Robert Hooke (1635-1703), who used the newly
invented microscope to observe and investigate
the cells that make up living organisms.

FIGURE 1.4 Galileo Galilei

These scientists were followed by Sir Isaac Newton (1642—-1727), who was born in the same year that Galileo
died. Newton was able to use mathematics to describe and explain the role of gravity in the motion of the Earth
and other planets around the Sun. He also explained much of the behaviour of light.

The work of the scientific pioneers of this era has influenced the thinking of those who followed and continues

to influence scientists in the twenty-first century.
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CASE STUDY: Modelling DNA

Scientific developments are almost always built upon the
work of others. Two of the most famous scientists in the field
of biochemistry were James Watson and Francis Crick.

FIGURE 1.5 Original model of DNA made by
Watson and Crick

Watson and Crick established the structure of
deoxyribonucleic acid, or DNA, the substance that makes up
genes. Like many scientists, they relied on models to help
them understand. Their original model is shown in figure 1.5.
They won the Nobel Prize in 1962 for their work.

The model of DNA developed by Watson and Crick was
based on the results of other scientists including:
¢ the work of Erwin Chargaff, who determined the basis of
parts of DNA in 1951
e the x-ray diffraction photographs (taken using x-rays rather
than light) developed in 1949 by Rosalind Franklin and
Maurice Wilkins.

Watson and Crick’s breakthrough with DNA was possible FIGURE 1.6 Rosalind Franklin provided an
thanks to the earlier discoveries of other scientists. important stepping stone in the discovery
Scientists today continue to build on the work of Watson of DNA.

and Crick. Their breakthrough has allowed other scientists to
understand inherited diseases, and enabled the new field of
genetic engineering to emerge.

These include:

® genetic identity testing for forensic analysis

¢ identifying genetic diseases including Down syndrome
and Huntington disease

¢ identifying genetic susceptibility to disease, including
risks of hereditary breast and ovarian cancer

® genetic sequencing of bacteria and viruses to trace their
origin and spread.

Other branches of science work in a similar way. There are
many examples of scientists furthering the work done by
their colleagues, such as the recent achievements of genetic
researchers.

1.2.3 Working in teams

Until the twentieth century, most scientists worked alone, with little or no financial support. Communication
between individual scientists was difficult. Many of them wrote to each other and read the work of their fellow
scientists. However, the telephone was not invented until 1876 and, of course, there was no email, no computers
and no overseas travel except by ship.

Since the early twentieth century, most scientists have worked in teams. Their work is almost always supported
and funded by organisations, industry or governments. Communication and teamwork between scientists all over
the world are easier to achieve because of phones, video conferencing, the internet, email and jet aircraft.
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1.2 Activities learn

1.2 Quick quiz 1.2 Exercise L These questions are oy S
even better in jacPLUS! ’ \

¢ Receive immediate feedback
e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

Select your pathway

Remember and understand

1. I Ancient Greek philosophers began the development of what is now
called ‘the scientific method’.
It was based on observations and

A. hypotheses. B. thinking.
C. looking. D. sleeping.

2. & According to Aristotle, all matter was composed of four elements.
What were those four elements?
A. Air B. Babylon C. Earth D. Space
E. Ether F. Dirt G. Fire H. Water

3. Why was Galileo described by many as the founder of the scientific
method?

Apply and analyse

4. List four of the qualities that you would expect a present-day scientist
to have.

5. Why was the period of the seventeenth century labelled ‘the
scientific revolution’?

6. Name some major technologies that were not available to the early
Greeks and that have helped modern scientists to test their hypotheses.

7. Which technologies did seventeenth-century scientists have available to
them that the early Greek scientists did not have?

Evaluate and create

8. Imagine that Galileo Galilei could return to a university in Italy today and observe the way in which scientists at
the university worked. Write a one-page account of the observations that he might enter into his diary at the
end of the day.

Fully worked solutions and sample responses are available in your digital formats.

LESSON
1.3 Accidents and observations

LEARNING INTENTION

At the end of this lesson you will be able to explain how advances in scientific understanding often rely on
developments in technology and technological advances.

1.3.1 A matter of luck?

Some of the greatest scientific discoveries have been made by accident. The development of batteries, penicillin
and x-rays began with ‘accidents’ in laboratories. However, was it all just a matter of luck?
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CASE STUDY: The world’s first electric cell

The very first electric cell was created by accident over
200 years ago. Luigi Galvani, an Italian physician, was FIGURE 1.7 Galvani’s experiment on a frog’s legs
dissecting the leg of a recently killed frog. The leg was helped to understand electric charge.

held by a brass hook (figure 1.7). When he cut the leg
with an iron knife, the leg twitched. Galvani investigated
further by hanging the frog’s legs on an iron railing with
brass hooks. Whenever the frog’s legs came into contact
with the iron railing, they twitched. Galvani incorrectly
proposed a theory of ‘animal electricity’ as the reason
behind the muscle spasms.

Reports of Galvani’s observations reached his friend
Alessandro Volta, another Italian scientist. Volta
suggested that the twitch was caused by a sudden
movement of electric charge between the two different
metals. The frog’s flesh, he suggested, conducted the
charge. Galvani had, without realising it, produced

the world’s first electric cell. The galvanometer, an
instrument used to measure small electric currents,
was named after Luigi Galvani.

galvanometer an instrument used
to measure small electric currents;
named after Luigi Galvani

CASE STUDY: X-rays

X-ray images allow doctors, dentists and veterinarians
to ‘see’ through living flesh. The pictures, called
radiographs, are taken with x-rays. These are obtained
by passing x-rays through objects onto a photographic
plate. Unlike light, x-rays pass through the human body.
Some parts of the body absorb more of the x-rays than
others, leaving a shadow on the plate. Bones leave the
sharpest shadows, making it possible to detect fractures
and abnormalities.

FIGURE 1.8 X-ray pictures can reveal broken
bones and disease in internal organs.

X-rays have many other uses. They are used in metal
detectors at airports and to detect weaknesses

and cracks in metal objects. X-rays can be used by
archaeologists to examine ancient objects (including
Egyptian mummies) found under the ground or in ruins
without touching and damaging them.

X-rays were discovered by accident in 1895 while
German physicist Wilhelm Réntgen (pronounced
‘Rentjen’) was experimenting with a glass tube that
glowed as electrons moved through it at high voltage. He had, by chance, left a photographic plate on a nearby
bench. Rdntgen noticed that whenever electrons were passing through the tube, the photographic plate glowed.
This was puzzling because the glass tube was wrapped in heavy black paper and, since the room was in total
darkness, there was no light to expose the photographic plates.

Rontgen investigated his puzzling observations further. He found that these mysterious rays that seemed to be
coming from the tube could pass through human flesh as well as black paper. He obtained a clear image of the
bones in his wife’s hand as she rested it on the photographic film.

Rdéntgen’s accidental discovery changed the face of medical practice in many ways.
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CASE STUDY: Penicillin, the drug that changed the world

Penicillin is one of the most commonly used drugs in the treatment of diseases
caused by bacteria. The discovery and production of penicillin followed a series .

. . . . L . substance found in moulds of the
of acgldental ok.aserv.atlor)s. The first obseryatlon of penicillin was made in 1928 by genus Penicillium that kills many
Scottish bacteriologist Sir Alexander Fleming. disease-causing bacteria

DT . . . . o . lysozyme a chemical (enzyme) in
Fleming’s interest in bacterial diseases intensified during World War |, when he was hliman teardraps able folkill some

treating wounded soldiers. He noticed that the antiseptics used to treat wounds killed 456 of bacteria as part of your
white blood cells more quickly than the harmful bacteria they were designed to Kkill. body’s natural defence
The white blood cells form part of the body’s natural resistance to bacteria.

penicillin a powerful antibiotic

After the war, Fleming began searching for substances that would kill bacteria without harming the body’s
natural defences.

One day during his search, a teardrop fell into a dish containing a layer of bacteria. When he checked the dish
the following day, he noticed a clear layer where the teardrop had fallen. Fleming then found that a chemical in
human teardrops, which he named lysozyme, was able to kill some types of bacteria without harming the body’s
natural defences. Unfortunately, lysozyme was not effective against most disease-causing bacteria.

FIGURE 1.9 Fleming noticed the FIGURE 1.10 Mass production of
Penicillium notatum mould stopped penicillin has helped save millions of
the growth of bacteria. lives since World War II.

Penicillium

Pemclllln

THE NEW LIFE-SAVING DRUG

?’{, Saves Soldiers’

Zone of growth
that inhibits

Bacteria

z/ﬂ,”{/ /v(( K

;/é ﬂ*[}/ﬂ; 0‘/‘

Fleming’s greatest discovery occurred in 1928 when he was trying to find a cure for influenza. A tiny piece of
mould had fallen into a Petri dish, in which he was growing bacteria, before the lid was put on. Fleming noticed
that there was no further growth of bacteria around the mould (figure 1.9). He later admitted that if it had not been
for his earlier experience with the teardrop, he may have thrown the dish away because it had been spoiled.

The mould, Penicillium notatum, contained a substance calledpenicillin, which kills many disease-causing
bacteria without harming the body’s natural defences. A new problem arose — how to separate and purify

the substance. It was an Australian scientist, Howard Florey (1898-1968), who succeeded in separating and
purifying the penicillin antibiotic. Together with Boris Chain, a Jewish refugee from Germany, Florey found a way
of producing enough penicillin to treat a number of diseases. Their success came just in time for use in treating
the many wounded in World War Il. Fleming, Florey and Chain shared the Nobel Prize in Medicine in 1945 and
their work has saved millions of lives.

TOPIC 1 Investigating science 9



1.3 Activities learn

1.3 Quick quiz 1.3 Exercise L These questions are

even better in jacPLUS!

¢ Receive immediate feedback
e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

Select your pathway

Remember and understand

1. & Which modern-day device was accidentally created by Luigi Galvani?

A. The world’s first electric cell B. Galvanised metal C. The iPad
D. The telephone E. The electric stove
2. A What form of radiation was discovered by Wilhelm Réntgen?
A. Alpha particles B. Beta particles C. Gamma particles D. X-rays
3. [ Which drug was later produced as a result of Alexander Fleming’s accidental observation?
A. Aspirin B. Penicillin C. Antibodies D. Isobrufin

Apply and analyse

Your answers to questions 4 and 5 could be presented in a table.

4. Consider the discoveries made by Galvani, Rontgen and Fleming. In each case, describe the skills and
scientific knowledge used in making and developing their discovery.

5. Make a list of the personal qualities that enabled Galvani, Réntgen and Fleming to take advantage of their
chance observations.

Evaluate and create

6. Were the discoveries of the electric cell, x-rays and penicillin really just accidents? Explain your answer.

7. Do you think that the electric cell, x-rays and penicillin would have been discovered if it had not been for the
chance observations of Galvani, Réntgen and Fleming? Explain your answer.

Fully worked solutions and sample responses are available in your digital formats.

LESSON
1.4 A question of ethics

LEARNING INTENTION

At the end of this lesson you will be able to explain how ethics guides how science is carried out and the
potential conflicts between science and beliefs.

SCIENCE AS A HUMAN ENDEAVOUR: Science and ethics

Ethics is the system of moral principles on the basis of which people, communities

and nations make decisions about what is right or wrong. Scientific inquiry takes place o : .

. . hat h litical ial and relii ; di d ken b principles on the basis of which

in communities that have po. itical, social and re |g|9us V|ews.an is undertaken by people, communities and nations
people who have personal views about all sorts of issues. It is a human endeavour and, make decisions about what is right
therefore, cannot be separated from ethics and questions about right and wrong. or wrong

ethics the system of moral
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Ethical values vary between countries, religions, communities and
individuals — even among members of the same family. For example,
capital punishment, the execution of a person for committing a crime, is
considered by some to be right and by others to be wrong.

FIGURE 1.11 The European
Union has banned the sale of
cosmetics tested on animals.

Science interacts with ethics in several ways, including:
¢ affecting the way in which science is conducted
¢ affecting the types of scientific research carried out
¢ in the conflict or match between scientific ideas and religious beliefs
® providing scientific community practices that act as a model for
ethical behaviour.

Animal testing

Animals are used in scientific research in many ways, including: to

test the effects of potential drugs; to test cosmetics for allergies; to
understand the functioning of parts of the body; and to test new surgical
techniques. In some research and testing, the animals die. Animals used
include monkeys, bees, mice, worms and dogs, among others.

There are ethical issues about whether animals should ever be used in
scientific research, or if some types of animals shouldn’t be used, or if
some types of research shouldn’t be carried out at all.

DISCUSSION

Should animals be used for testing in the development of cosmetics? What about in drug development?

Medical research

Medical research is carried out partly by public institutions such as universities and specialist research
departments, and partly by private companies. Traditionally, the main purpose of research in public institutions
has been to increase understanding and to provide solutions to existing problems; while private companies aim
to provide new products or services that can be sold for profit. However, increasingly many research institutions
are developing their discoveries into commercial ventures. Whether the research is conducted by private or
public research institutions, the ethics of any new drug production should be examined to balance profitability
and the benefit to the community.

Life expectancy varies greatly around the world, as do patterns of disease. Cancer, heart disease and diabetes
kill many Australians and billions of dollars are spent on researching their causes and treatment. Diarrhoeal
diseases and malaria are readily treated in Australia, but kill millions of people each year in Africa, Asia and South
America — sometimes because of lack of information and sometimes because of lack of low-cost products. This
raises ethical and social questions, such as:

¢ |s it right that effective drugs are unavailable to millions because of their cost?

* What is the fundamental purpose of developing pharmaceuticals?

® Should the type of treatment be determined by the profit it generates?

The ethics of new drug testing should also be examined. When pharmaceutical companies design new drugs,
they need to test these thoroughly before being able to sell them. Some people argue that the testing regime is
too lengthy and that new drugs that have the potential to treat deadly diseases should be supplied to the people
dying from these diseases even if the drug has not been fully tested. Other people believe that a drug should
undergo lengthy testing to ensure no harm is done, even if inadvertently.

DISCUSSION

In the case of a global pandemic, do you think the process of human trials for potential cures or vaccines
should be less rigorous? What if it means new drugs could be developed more quickly?
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Agriculture

Traditional plant breeding methods — manually putting pollen from one plant into the flower of another to
produce a ‘cross’— were once the only means of modifying plant types; a slow and laborious process. Now,
using techniques for moving genes from one plant to another, it is possible to design plants that have certain
characteristics. This technique of genetic modification (GM) is controversial. GM crops are greatly restricted in
Australia. GM techniques have been used to produce crops that:

* are resistant to herbicide so that weed control is more effective (canola)

® produce their own pesticides to reduce insect attack (cotton)

e contain added nutrients (rice).

Discussion about the ethics of GM crops often focuses on the role of companies in developing GM crops for the
profit they are expected to bring. Ethical issues are also raised about whether GM techniques should be used by
public research laboratories and international agencies to improve food supply in regions where many people are
undernourished.

EXTENSION: Unusual research methods uncover the cause of stomach ulcers

When Barry Marshall and Robin Warren came

to the conclusion that stomach ulcers were
probably caused by a bacteria, they were faced
with some tricky ethical and safety considerations.
A stomach ulcer occurs when the lining of the
walls of the stomach becomes damaged and the
acid inside the stomach eats away at the stomach
wall. It is a very painful condition. Previously it
was thought that ulcers were caused by lifestyle
factors, including stress, so it was difficult to treat
ulcers. People were usually told to avoid stress,
for example by changing job or cutting their work
hours, and to cut out particular foods, sometimes
with no improvement to their health.

FIGURE 1.12 Helicobacter pylori bacteria in the human
stomach cause stomach ulcers. They move their
hair-like structures to travel around the stomach lining.

Barry Marshall and Robin Warren suspected that
ulcers were actually caused by bacteria called
helicobacter pylori. They had found these bacteria
in the stomachs of people suffering from stomach
ulcers but not in the stomachs of healthy individuals. They had also studied the bacterium. The only way to know
for sure would be to deliberately infect someone with the bacteria and find out whether they developed a painful
ulcer. There were risks involved; for instance, the bacteria could cause other health problems. It could even Kill
the patient. There were also ethical issues associated with deliberately trying to make a healthy person sick. In
the end, Barry Marshall carefully weighed up the risks involved and decided to test his hypothesis on himself. He
swallowed a solution of the bacteria and soon became ill and developed the early symptoms associated with the
development of stomach ulcers. He then treated himself with antibiotics. Now when a patient is diagnosed with a
stomach ulcer, treatment is simple — a course of antibiotics usually fixes the problem.

genetic modification (GM) the
technique of modifying the genetic
structure of organisms making it
possible to design organisms that
have certain characteristics
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1.4 Activities learn

1.2 Quick quiz J 1.2 Exercise L These questions are
even better in jacPLUS!
Select your pathway ¢ Receive immediate feedback
e Access sample responses
B LEVEL 1 B LEVEL 2 B LEVEL 3 ® Track results and progress
1,2,4 3,6 57,8

Remember and understand

1. [ Identify an illness that affects people worldwide and kills millions in poor countries but almost no-one in
Australia.
A. Malaria B. Polio C. Cancer D. Ebola

2. Explain why scientific inquiry should not take place without considering whether it is right or wrong.

3. Explain how genetically modified (GM) crops are different from other crops.

Apply and analyse

4. I Identify two ethical issues associated with the experiment carried out by Barry Marshall.

A. Helicobacter pylori could cause other health problems (apart from ulcers) in humans.

B. The outcome was unknown.

C. Is it justified to make a healthy person sick in order to test a theory?

D. Should people be subject to experiments?

E. The outcome was specific to Barry Marshall and the results could not be applied to anyone else.
5. What does a bioethicist do? What training does a bioethicist require?

Evaluate and create

6. Justify your opinion of the following issue. All medical research, including research into new drugs, should be
done by non-profit organisations rather than by companies aiming to make a profit.

7. Justify your opinion of the following issue. Food made from genetically modified crops should have a special
label to show that it contains genetically modified (GM) ingredients.

8. Outline some of the arguments for and against using genetically modified crops. Discuss your arguments with
other students in your class or use a Plus, Minus, Interesting (PMI) chart to summarise your arguments.

Fully worked solutions and sample responses are available in your digital formats.

LESSON
1.5 Planning your own investigation

LEARNING INTENTION

At the end of this lesson you will understand the scientific method and be able to design your own investigation
with attention to variables, reports and scientific processes.

1.5.1 The scientific method

As a science student you are required to undertake scientific investigations. o )

Th . L. i v hel d d scientifi h scientific method a systematic
ese investigations wi npt only help you un erstand scientific cor.lcepts, they and logical process of

can also be a lot of fun! Scientists around the world all follow what is known investigation to test hypotheses

as the scientific method (figure 1.13). This allows scientists to examine each and answer questions based on

other’s work and build on the scientific knowledge gained. An important aspect of data or experimental observations

science is being able to reproduce someone else’s experiment. The more evidence

a scientist has about a theory, the more accepted the theory will be.
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FIGURE 1.13 The scientific method

RESEARCH

QUESTION

6. Analyse results:

1. Make 2. Think 3. Formulate 4. Design an 5. Conduct is the hvbothesis
observations; —- and ask —> a working —- experiment to test > experiment and —- - gﬁe o
gather data questions hypothesis hypothesis record results pp

rejected?

Y

7. Communicate
results

The skills you will develop in conducting scientific investigations include the following:
* questioning and predicting
e planning and conducting
e processing, modelling and analysing
e evaluating
e communicating scientifically.

Whenever you take a trip away from home, you need to plan ahead and have some idea of where you are going.
You need to know how you are going to get there, what you need to pack and have some idea of what you are
going to do when you get there.

It’s the same with an experimental investigation. Planning ahead increases your chances of success.

Finding a topic

The first step in the scientific method is to develop a research question. You can think of this as finding a topic.
Your investigation is much more likely to be of high quality if you choose a topic that you will enjoy working
on. These steps might help you choose a good topic:
1. Think about your interests and hobbies. They might give you some ideas about investigation topics.
2. Make a list of your ideas.
3. Brainstorm ideas with a partner or in a small group. You might find that exchanging ideas with others is
very helpful.
4. Find out what other students have investigated in the past. Although you will not want to cover exactly the
same topics, investigations performed by others might help you to think of other ideas.
5. Do a quick search in the library or at home for books or newspaper articles about topics that interest you.
Search the internet. You might also find articles of interest in magazines or journals. You could use a table
like table 1.1 to organise your ideas.

TABLE 1.1 Summary of topic research

Topic area Name of book, magazine, website etc. Chapter or article | Topic ideas
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FIGURE 1.14 Brainstorm and research ideas based on your hobbies and interests, and discuss your ideas
with others.

Making observations and asking questions

Many ideas for scientific investigations start with a simple observation. Some well-known investigations and
inventions from the past started that way. Even though the discoveries by Galvani, Rontgen and Fleming
described in the case studies of lesson 1.3 were made by accident, they would not have been made without
observation skills. There are also other important ‘ingredients’ in these discoveries — curiosity and the ability
to ask questions and form ideas that can be tested by experiment and further observation.

Danish scientist Hans @rsted discovered the connection between electric current and magnetism when, in 1819,
he noticed that a compass needle pointed in the wrong direction every time it was placed near a wire carrying
an electric current. He went on to design experiments to find out exactly how different electric currents affected
compass needles. The results of his experiments started a flood of inventions, including electric generators

and motors.

An investigation by a 15-year-old student began
with an observation that her friends seemed to
perform better in athletic events when there was an
audience cheering them on. You have probably seen
this yourself. Her investigation ‘Does an audience
affect the performance of an athlete?’ involved
three different sporting activities and compared
the performance of a large group of students under
three different conditions:

e no audience

e a quiet audience

¢ a cheering audience.

FIGURE 1.15 Could an audience really affect this
team’s performance? To answer this question
scientifically, an investigation is needed.

The sporting activities were:
e goal shooting in basketball
e sit-ups
e shot-put.

What do you think she found out? Perhaps you could try a similar investigation.

Defining the question

Once you have decided on your topic, you need to determine exactly what you want to investigate. It is better
to start with a simple, very specific question than a complicated or broad question. For example, the topic
‘earthworms’ is very broad. There are many simple questions that could be asked about earthworms.
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For example:
e Which type of soil do earthworms prefer?
* How much do earthworms eat?
¢ Do earthworms prefer meat or vegetables?
¢ How fast does a population of earthworms grow?

Your question needs to be realistic. In defining the
question, you need to consider whether:
e you can obtain the background information that you
need
¢ the equipment that you need is available
e the investigation can be completed in the time you
have available
e the question is safe to investigate.

1.5.2 Keeping records

A loghook is an essential part of a long scientific investigation. It provides you with
a complete record of your investigation, from the time you begin to search for a topic
through to conclusion. Your logbook will make the task of writing your report very

much easier.

A logbook is just like a diary. Make an entry whenever you spend time on your
investigation. Each entry should be clearly dated. It’s likely that the first entry
will be a mind map or list of possible topics. Other entries might include:
¢ notes on background research conducted in the library; include all the details
you will need for the bibliography of your report (see section 1.5.8)
¢ arecord of the people whom you asked for advice (including your teacher),

and their suggestions

FIGURE 1.16 There are many problems relating to
earthworms that could be investigated.

logbook a complete record of an
investigation from the time a search
for a topic is started through to
conclusion

bibliography list of references and
sources at the end of a scientific
report

blog a personal website or web
page where an individual can upload
documents, diagrams, photos and
short videos, add links to other

sites and invite other people to post
comments

¢ diagrams of equipment, and other evidence that you have planned your

experiments carefully

e all of your ‘raw’ results, in table form where appropriate
¢ an outline of any problems encountered and how you solved them
e first drafts of your reports, including your thoughts about your conclusions.

An online logbook

An exercise book can be used as a logbook, but there are
several advantages in maintaining your logbook online
in the form of a blog or in a program such as OneNote.
If you choose to use a blog to record your investigation,
there are many sites that will allow you to set up a free
blog (figure 1.17). Your teacher might be able to provide
some suggestions. Once you set up a blog, every entry
you make will be dated automatically. You can upload
documents, diagrams, photos and short videos. You can
also add links to other sites and invite friends, family and
teachers to post comments about your progress.

There are some precautions that you should take
if you decide to use a blog as a logbook.

e Limit your posts to those related to your science
investigation. Don’t use your logbook blog for
social networking.

¢ Do not include your address or phone number.
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e If your blog is on the internet (rather than a school intranet):

« do not post any photos of yourself in school uniform or any other clothing that will identify where you

go to school

« do not include your full name, address, phone number or the name of your school in the blog. Use only

your first name or a nickname

e use privacy settings or use a password to ensure that only trusted school friends, family and your teacher

have access to the blog.

1.5.3 Designing the experiments

In order to complete a successful investigation, you need to make sure that your experiments are well designed.
Once you’ve decided exactly what you are going to investigate, you need to be aware of:

e which variables need to be controlled and which variables can be changed
e whether a control is necessary

e what observations and measurements you will make and what equipment you will need to make them
e the importance of repeating experiments (replication) to make your results more reliable

e how you will record and analyse your data.

A poorly designed investigation is likely to produce a conclusion that is not valid.

Understanding variables

A variable is an observation or measurement that can change during an
experiment. You should change only one variable at a time in an experiment.

It is important you understand and identify the different types of variables in your
experiment.

* Independent variable: the variable that you deliberately change during an
experiment.

* Dependent variable: the variable that is being affected by the independent
variable — that is, the variable you are measuring.

For example, if you were performing an experiment to find out which brand of
fertiliser was best for growing a particular plant, the independent variable would
be the brand of fertiliser. The dependent variable would be the heights of the
plants after a chosen number of days.

When you are testing the effect of an independent variable on a dependent
variable, all other variables should be kept constant. Such variables are called
controlled variables. For example, in the fertiliser experiment, the type of plant,
amount of water provided to each plant, soil type, amount of light, temperature
and pot size are all controlled variables. The process of controlling variables is
also known as fair testing.

Writing a hypothesis

A hypothesis is a statement that predicts what you think will happen in your
experiment. It links the independent and dependent variables in a sentence, which
can be both tested and proven wrong.

valid describes an experiment
that truly investigates what it
sets out to investigate (via an
appropriate method, controlling
variables etc.)

variable any factor that can

be changed, kept constant
(controlled) or measured during
an experiment

independent variable the
variable that you deliberately
change during an experiment
dependent variable the variable
that is being affected by the
independent variable — that is,
the variable you are measuring
controlled variables the
conditions that must be

kept constant throughout an
experiment

fair testing testing where only
one variable is changed and
keeps all other variables constant
when attempting to answer a
scientific question

testable able to be supported or
proven false through the use of
observations and investigation

falsifiable can be proven false

A hypothesis is a tentative, testable and falsifiable statement for an observed phenomenon that acts as a

prediction for the investigation.

A hypothesis is usually written in an ‘IF ... THEN ...” format (for example, ‘IF the concentration of the acid is

increased THEN the reaction with magnesium will be faster).

TOPIC 1 Investigating science 17



The need for a control

Some experiments require a control. A control is needed in the fertiliser experiment to ensure that the result is
due to the fertilisers and not something else. The control in this experiment would be a pot of plants to which no
fertiliser was added. All other variables would be the same as for the other three pots.

FIGURE 1.18 A control is used to compare the difference in growth to a plant with no fertiliser.

Valid experiments

A valid experiment measures what it actually sets out to measure. If your aim was to find out whether watering
plants with sea water affects their growth rate, comparing the number of radish seeds that germinate after

one week when watered with tap water or sea water would not be a valid method because it does not actually
measure growth rate. It tests the effect of sea water on seed germination.

Repeatable and reliable experiments

Replication is the repeating of an experiment to make sure you have collected reliable . .

.. . . . control an experimental set-up in
data. Ip the case of the fertiliser experiment, a more rellat?l? result 001.11d be obtained which the independent variable is
by setting up two, three or four pots for each brand of fertiliser or having a number of not applied that is used to ensure
seedlings in each pot. The results are checked for consistency and an average result that the result is due to the variable

for each brand or the control could then be calculated. a'_nd nothing else .
aim a statement outlining the

A reliable experiment provides consistent results when repeated, even if it is repeated purpose of an i“"eStiga_ﬁO”

on different days and under slightly different conditions; for example, in a different ::gﬁ':;feg?;a d?f?;?etr:la;ilrij:*::t;%::s
room or with a different researcher collecting the data. Replication increases the Wl e same eendiiene
reliability of an experiment. This can involve simply doing the same experiment a

few times, or having different groups repeat the same experiment and pooling the data

gathered by each group when writing the report.

Surveys
A survey is a list of questions that you ask to a large group FIGURE 1.19 Surveys are often conducted
of people. Some surveys are read out, sometimes over using multiple-choice questions.

the phone. Some require participants to fill in a form, and
increasingly surveys are done online. Surveys are used to
collect census data, for market research, to find out what
product characteristics consumers find most appealing,

to determine voting intentions and also for scientific
purposes. A great deal of data about health and lifestyle

has been gathered through the use of surveys, sometimes

in combination with other tests. To investigate whether there
is a link between diet and blood pressure, researchers might
collect data about the participant’s diet through the use

of a survey.
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These are some features of well-designed surveys:

e A large sample size is used — many participants take part in the survey.

¢ Questions are unambiguous — participants can understand the questions.

e A control group is used or, where appropriate, different degrees of exposure to the factor under
investigation. An investigation on the effect of loud music on hearing could include a survey where
participants were asked about the number of concerts and dance parties they attended over the last
12 months and the participants’ hearing could be tested. The data would be of little value if all the
participants had a similar level of exposure to loud music. The participants need to be people who are
exposed to loud music frequently, some occasionally and some rarely.

e Data can be analysed mathematically. Multiple-choice questions often lend themselves better to this type
of analysis.

1.5.4 Using information and communications technology
Computer hardware and software are important tools used by scientists during their investigations.

For example:
e spreadsheets can be used to organise and analyse data
e data loggers can be used to collect large numbers of measurements of variables that are difficult to collect
in other ways
e databases can be used to arrange data or information so that it is easier to locate.

These tools are described in lessons 1.12, 1.13 and 1.14.

1.5.5 Getting approval

You should now be ready to write a plan for your
investigation. You should not commence any experiments
until your plan has been approved by your science teacher.
Your plan should include the information below.
1. Title
The likely title — you may decide to change it before
your work is completed. The title should be in the form
of a question; for example, how does watering grass
seeds with a detergent solution affect their growth?
2. The problem
A statement of the question that you intend to answer.
Include a hypothesis. A hypothesis is an educated guess
about the outcome of your experiments. It is usually
based on observations and always able to be tested by
further observations or measurements.
3. Outline of your experiments
Outline how you intend to go about answering the question. This should briefly outline the experiments that
you intend to conduct.
4. Equipment
List here any equipment that you think will be needed for your experiments.
5. Resources
List here the sources of information that you have already used and those that you intend to use. This list
should include library resources, organisations and people.

FIGURE 1.20 Write out a plan for your
investigation.
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1.5.6 Gathering data

Once your plan has been approved by your
teacher, you may begin your experiments.

FIGURE 1.21 All observations and measurements should be
recorded.

Details of how you conducted your
experiments should be recorded in your
logbook. All observations and measurements
should be recorded. Use tables where possible
to record your data.

Where appropriate, measurements should be
repeated and an average value determined.
All measurements — not just the averages —
should be recorded in your logbook.

Photographs or videos should be taken
if appropriate.

You might need to change your experiments
if you get results you don’t expect. Any major
changes should be checked with your teacher.

Precision and accuracy

As you plan and carry out your investigation you need to ensure that the data you )

11 . . d te. Ch . h . . K precise refers to how close
collect is precise and accurate. Choosing the most appropriate instruments to make MUl BIE| measUrements|of thelsame
your measurements 1S 1mportant. investigation are to each other

accurate refers to how close an
experimental measurement is to a

Precision is the degree to which repeated measurements produce the same result. It known value
tells us how close a series of measurements are to each other, as can be seen in calibrate to C?ec" OVt?dJ“St 2
. .. . .. . measuring Instrument to ensure
figure 1.22. I_f tlllere is a large variation in the results, the precision is lovs{. .If th.e re_sults accurate measurements
are all very similar, and only vary by a very small amount, then the precision is high.

Precise measurements

The degree of precision of the measurements taken in an experiment depends on the instruments that have been
used. If you want to measure the length of your classroom, you could use a trundle wheel with marks every 10
cm, or you could use a tape measure marked in millimetres. The tape measure would provide the most precise
measurement. Similarly, to measure 100 mL of water, you could use a measuring cylinder that is graduated

in millilitres, or you could use a measuring cup that is marked every 100 mL. The measuring cylinder would
provide a more precise measurement than the cup. A set of scales that measures mass to two decimal places is
more precise than one that measures mass to one decimal place.

Accurate results

Accuracy is different to precision. Accuracy refers to how close an experimental measurement is to a known
value. Sometimes results that are not precise can still be accurate, if the average of them is close to the actual
value. A small measuring cylinder can provide a reasonably precise measurement of a volume of water but,

if it is not read at eye level, the measurement may not be accurate. A set of bathroom scales might display a
reading with two decimal places but, if you use it on carpeted floor, it may not provide an accurate measurement
of your mass if it is designed to be used on a hard floor. To ensure that your results are accurate you should use
measuring instruments correctly and, in some instances, it may be necessary to calibrate the instruments. To
calibrate a set of scales, for example, you could place an object that has a mass of exactly 100.00 g on the scale
and adjust the scale until it reads exactly 100.00 g.

If an archer is precise, their arrows hit close to one another. If an archer is accurate, their arrows hit close to the
target. This is illustrated in figure 1.22.
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FIGURE 1.22 Comparing precision and accuracy

NOT ACCURATE ACCURATE NOT ACCURATE ACCURATE
NOT PRECISE NOT PRECISE PRECISE PRECISE

Choosing equipment for precision

Choosing the correct piece of equipment is critical to ensure
that your results are precise. Your bathroom scales and the
electronic scales in a science laboratory both measure mass,
but the laboratory scales are more precise. Your school might
have different sets of scales that measure to one or two decimal
places. Scales that measure to two decimal places are more
precise. High-precision scales are needed for some of the
senior chemistry experiments.

FIGURE 1.23 Precision laboratory scales

For measuring instruments with a scale, such as thermometers,
rulers and measuring cylinders, the graduations (lines) on the
scale give an indication of the precision of the instrument.
Generally, an instrument with smaller gradations is more precise,

Measuring volumes of liquids

When liquids are placed in a vessel, the surface of the liquid is often curved. This curved surface of a column
of liquid is called a meniscus. When measuring the volume of a liquid, make sure you read the volume from the
bottom of the meniscus, not the top.

SAMPLE PROBLEM 1: Measuring readings of a meniscus

What is the measurement of this liquid in a measuring cylinder?
__ 60 mL
THINK WRITE _
1. The liquid level should be read from the bottom of the
meniscus, not where it touches the glass. Imagine a
line drawn across from the bottom of the meniscus to
the glass.
2. Look for the scale marking below the liquid level and 60 — 55 =5 mL
above the liquid level. These are 55 mL and 60 mL.
To calculate the volume between the two scale
markings, subtract the smaller reading from the

larger reading.
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3. There are five divisions between these two scale 5+5=1
markings. To determine the size of each small scale Each scale division is 1 mL.
marking, divide the volume calculated in step 2 by 5.
4. To read the measurement of the liquid level, countup 55 +2 =57 mL
from the lower scale marking, 55, to the liquid level;
this is two scale divisions.

SAMPLE PROBLEM 2: Precision

Which of the rulers in the diagram below is the more precise?

Ruler A

Ruler B
THINK WRITE
Look at the number of divisions on each ruler As ruler A has more graduations over the same
between each marked measurement. space as ruler B, ruler A is more precise.

On ruler A, between 100 and 200, there are
50 divisions.

On ruler B, between 2 cm and 4 cm, there are
20 divisions.

Ensuring equipment is accurate

Measurements can be very precise, but incorrect. Every so often current affair programs bring attention to
service stations that overcharge consumers for petrol by having faulty petrol pumps that give inaccurate readings
of the amount of petrol delivered by the pump. For each litre of petrol pumped, the machine might give a reading
of 1.1 L and the customer is charged accordingly. The machine is quite precise, but not accurate.

CASE STUDY: Calibrating a pH meter

Some measuring instruments require calibration to ensure that
they provide accurate measurements. The calibration might be
part of the manufacturing process, or it may need to be carried
out by the user regularly. A pH meter is a device that needs to be

FIGURE 1.24 A pH meter needs to be
calibrated regularly to ensure it gives
accurate readings.

calibrated regularly (figure 1.24). pH is a measure of the acidity of

a substance. You can measure pH with a universal indicator. For - /
a more precise reading a pH meter can be used. It is a device that

is placed in the solution and it gives a reading of the pH to one @

or two decimal places. Over time it can lose its calibration and e © = /-/
give inaccurate readings. A reading of 6.25 might be displayed o (]

when the solution actually has a pH of 5.38. To calibrate the pH e

meter, you place it in solutions of known pH and adjust the device \/"

until it reads the correct values for these solutions. You can then
use the meter to measure the pH of a solution with an unknown
concentration.
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1.5.7 Graphing variables

Many different types of data can be collected in scientific experiments. Data is often presented in tables or
as graphs.

Tables

Tables can be used to record data to help separate and organise your information. All tables should:
¢ have a heading
e display the data clearly
« the independent variable in the first column
« the dependent variable(s) in later columns
¢ include units in the column headings and not with every data point
¢ be designed to be easy to read.

Always include a title Include the measurement units ~ The column heading shows clearly
for your table. in the headings. what has been measured.

l

TABLE 1.2 The effect of different brands of fertiliser on the growth of seedlings

Day 2 DE A Day 6 Day 8 Day 10
Height (cm) Height (cm) Height (cm) Height (cm) Height (cm)

Brand X 2 6 9
Brand Y 3 5 7 9 11
Brand Z 1 2 3 5 7
Control 0 0.6 1.8 2.5 4

T

Use aruler to draw lines for  Enter the data in the body of the table. Do
rows, columns and borders. not include units in this part of the table.

Graphs

Graphs can help you see patterns and trends in your data. Once your data has been recorded in a table, you need
to work out what is the best graph to choose. You can do this by recognising what type of data you have.

e Qualitative data is expressed in words. It is also known as categorical

. . L. . . _r ualitative data (or categorical
data — you can think of this data as falling into categories. It is descriptive a ( .

data) data expressed in words

and not numerical and can be easily observed but not measured. In our quantitative data (or numerical
experiment with the fertiliser, the brands of fertiliser is qualitative data. data) data that can be precisely
There are two types of qualitative data: measured and have values that

. . are expressed in numbers
e ordinal data can be ordered or ranked; this could be levels (1%, 2", 31 ) -

or opinions (strongly agree, agree, disagree, strongly disagree)

« nominal data cannot be organised in a logical sequence; this could include
colours or brand names.

¢ (Quantitative data (or numerical data) can be precisely measured and have

values that are expressed in numbers. In our experiment with the fertiliser,

the height of the seedlings is quantitative data. There are two types of quantitative data:

« continuous data can take any numerical value, such as the change in temperature of a cup of coffee
over time

e discrete data can only take on set values that can be counted, such as the number of protons in an atom
or the change in temperature of a cup of coffee in different types of cups after 10 minutes.
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The most common types of graphs are listed below.

Scatterplots: require both sets of data to be numerical (or quantitative). Each dot represents one
observation. A scatterplot can easily show trends between data sets, and correlations can be seen.
Line graphs: a scatterplot with the dots joined. The dots are usually joined using a straight line, but
sometimes the line is curved. They are used for continuous data.

Bar/Column graphs: when one piece of data is qualitative and the other is quantitative. The bars are
separated from each other. The horizontal axis has no scale because it simply shows categories. The vertical
axis has a scale showing the units of measurements.

Histograms: a special kind of bar graph that show continuous categories, and are often used when
examining frequency. The bars are not separated.

Pie charts and divided bar charts: used to show frequencies or portions of a whole. This includes
percentages or fractions.

You would normally graph the independent variable (the one you changed) on the x-axis, and the dependent
variable (the one you measured) on the y-axis. When the dependent variable changes with time, you can graph
time on the x-axis and the dependent variable on the y-axis. For example, in the fertiliser experiment, two types
of graphs could be used, a line graph or a column graph (bar chart).

FIGURE 1.25 a. Line graph of the growth of plants over 10 days in different brands of fertiliser. b. Column graph
of the height of plants at the end of 10 days in different brands of fertiliser.

a. Height of plants after 10 days
12 4

T
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b. Height of plants after 10 days
3

A
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[]]

e

Brand X Brand Y Brand Z Control

Fertiliser

24 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition



FIGURE 1.26 Features of a line graph

3. Setting up and labelling the axes

Graphs represent a relationship
between two variables.

Usually the independent variable is
plotted on the horizontal x-axis and
the dependent variable on the vertical
y-axis.

After deciding on the variable for each
axis, you must clearly label each axis
with the variable and its units. The
units are written in brackets after the
name of the variable.

2. Title

Tell the reader what the graph is
about! The title describes the results
of the investigation or the relationship
between variables.

1. Grid

Graphs should always be drawn on
grid paper so values are accurately
placed. Drawing freehand on lined or
plain paper is not accurate enough for
most graphs.

4. Setting up the scales

Each axis should be marked into units
that cover the entire range of the
measurement. For example, if the
distance ranges from 0 m to 96 m,
then 0 m and 100 m could be the
lowest and highest values on the
vertical scale. The distance between
the top and bottom values is then
broken up into equal divisions and
marked. The horizontal axis must also
have its own range of values and
uniform scale (which does not have to
be the same scale as the vertical axis).
The most important points about the
scales are:
e they must show the entire range of
measurements
e they must be uniform; that is, show
equal divisions for equal increases
in value.

~—— than a straight line. A curved

6. Drawing the line

A line is then drawn through
the points.

A line that follows the
general direction of the
points is called a ‘line of
best fit’ because it best fits
the data. It should be on or
as close to as many points
as possible.

Some points follow the
shape of a curve, rather

line that touches all the
points can then be used.

15

Y
Distance covered by a runner in
15 seconds

100

80 -

— 60
E
[}
o
f=
©
k]

8 401

— > 20 -

0 ] T T 1
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Time (s)

5. Putting in the values

A point is made for each pair of values (the
meeting point of two imaginary lines from each
axis). The points should be clearly visible. Only
include a point for (0, 0) if you have the data for
this point.

TABLE 1.6 Data table

ECTECT

0 4
8 5
37 10
96 15
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SAMPLE PROBLEM 3: Choosing types of graphs

Identify the type of graph that would be most appropriate to display

the following data:

a. Data from Melbourne Zoo showing how the mass of a baby elephant has
increased over time

b. The mass of each elephant at Melbourne Zoo

c. The proportion of visitors using various modes of transport to travel to
Melbourne Zoo.

THINK WRITE
a. The mass of one elephant is a number that Mass is continuous data, so a line graph would be the
changes over time, so it is quantitative data. best choice.

Mass can take any numerical value, so it is
continuous data.

b. We compare the mass of different elephants As we have both qualitative and quantitative data, a
by showing the name of each elephant and its  bar or column graph would be the best choice.
mass at a set point in time. The name of each
elephant is qualitative, and the mass of each
elephant is quantitative (continuous).

c. The proportion of visitors using various modes As the data is showing the proportion of people using
of transport shows fractions or percentages of  different modes of transport, the best choice would be
a whole. a pie chart or a divided bar chart.

1.5.8 Writing your report

You can begin writing your report as soon as you have planned your investigation, but it cannot be completed
until your observations are complete. Your report should be typed or neatly written on A4 paper and presented in
a folder. It should begin with a table of contents, and the pages should be numbered. Your report should include
the following headings (unless they are inappropriate for your investigation).

Scientific report structure

Abstract
The abstract provides the reader with a brief summary of your whole investigation. Even though this appears at
the beginning of your repori, it is best not to write it until after you have completed the rest of your report.

Introduction
Present all relevant background information. Include a statement of the problem that you are investigating,
saying why it is relevant or important. You could also explain why you became interested in the topic.

Aim
State the purpose of your investigation: that is, what you are trying to find out. Include the hypothesis.

Materials and methods

Describe in detail how you did your experiments. Begin with a list or description of equipment that you used.
You could also include photographs of your equipment, if appropriate. The method description must be
detailed enough to allow somebody else to repeat your experiments. It should also convince the reader that
your investigation is well controlled. Labelled diagrams can be used to make your description clear. Using a
step-by-step outline makes your method easier to follow.
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Results

Observations and measurements (often referred to as data) are presented here. Data should, wherever possible,
be presented in table form so that they are easy to read. Graphs can be used to help you and the reader interpret
data. Each table and graph should have a title. Make sure you use the most appropriate type of graph for your
data. Some examples of graphs are shown in section 1.5.7.

Discussion

Discuss your results here. Begin with a statement of what your results indicate about the answer to your
question. Explain how your results might be useful. Any weaknesses in your design or difficulties in measuring
could be outlined here. Explain how you could have improved your experiments. What further experiments are
suggested by your results?

Conclusion

This is a brief statement of what you found out. It is a good idea to read your aim again before you write your
conclusion. Your conclusion should also state whether your hypothesis was supported. You should not be
disappointed if it is not supported. In fact, some scientists deliberately set out to reject hypotheses!

Bibliography

Make a list of books, other printed or audio-visual material and websites to which you have referred. The list
should include enough detail to allow the source of information to be easily found by the reader. Arrange the
sources in alphabetical order.

The way a resource is listed depends on whether it is a book, magazine (or journal) or website. For each resource,
list the following information in the order shown:
® author(s), if known (book, magazine or website)
* title of book or article, or name of website
® volume number or issue (magazine)
* URL (website) and the date you accessed the web page
® publisher (book or magazine), if not in title
place of publication, if given (book)
year of publication (book, magazine or website)
chapter or pages used (book).

Some examples of different sources are listed below:
¢ Taylor, N., Stubbs A., Stokes, R. (2020) Jacaranda Chemistry 2 VCE Units 3 & 4. 2nd edition. Milton: John
Wiley & Sons.
* Gregg, J. (2014) ‘How Smart are Dolphins?’ Focus Science and Technology, Issue 264, February 2014, BBC,
pages 52-57.
¢ Australian Marine Wildlife Research & Rescue Organisation, accessed 26 June 2020, <http:
www.amwrro.org.au,2014>.

Acknowledgements
List the people and organisations who gave you help or advice. You should state how each person or
organisation assisted you.

1.5.9 Everyone has talent

In most states and territories, there are competitions or events that provide opportunities for you to present
reports of your own scientific research. Each year, tens of thousands of dollars in prizes are awarded to hundreds
of entrants. Information about these competitions and events can be obtained from your science teacher.
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Resources

eWorkbooks Setting up a logbook (ewbk-12194)
Variables and controls (ewbk-12196)
Investigating (ewbk-12198)
Organising and evaluating results (ewbk-12200)
Drawing conclusions (ewbk-12202)
Summarising (ewbk-12204)
Evaluating media reports (ewbk-12206)

1.5 Activities learn

1.5 Quick quiz 1.5 Exercise L These questions are

Select your pathway ¢ Receive immediate feedback

even better in jacPLUS!

e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 * Track results and progress

Remember and understand

1. I What is the advantage of repeating an experiment several times?
A. It is a form of double-checking the original results.
B. It makes the results more reliable.
C. It is a requirement of the scientific method.
D. It gives you more time to write the report.
2. Describe the difference between an independent and a dependent variable.
3. I In which section of your report do you describe possible improvements to your experiments?
A. Methods
B. Results
C. Discussion
D. Conclusion
4. Distinguish between precision and accuracy.
5. Outline what calibrating an instrument involves.
6. Describe the use of a control in an experiment with reference to independent and dependent variables.
Apply and analyse *
7. Why is it better to write the abstract of a scientific report last, even though it appears at the {
beginning? )
8. Josie wanted to find out whether the water in her drink bottle would stay cold for longer if she
wrapped the bottle in foil or a towel. From the options given, identify the independent and
dependent variable and one variable that would need to be controlled.
Colour of towel, Size of wrapping and bottle, How long the bottle stays cool, Wrapping material
9. Charlotte would like to find out whether ice blocks made from green-coloured water melt at the

same temperature as uncoloured ice blocks. From the options given, identify the independent
and dependent variable and one variable that would need to be controlled.

Melting temperature, Mass of ice blocks, Colour of ice blocks
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10. Jayden is testing the hypothesis that tall people are faster
long-distance runners than short people. From the options given,
identify the independent and dependent variable and one variable
that would need to be controlled.

Weight of person, Distance they run, Time taken to run long
distance, Height of person

11. Shiniji is testing the idea that plants grow faster if you play them
music for at least 2 hours a day. From the options given, identify the
independent and dependent variable and one variable that would
need to be controlled.

Colour of pots used to grow plants in, Type of music, Growth rate of plants, Music playing or not

Evaluate and create

12. Construct a flow chart to show the steps that you need to take before beginning your experiments.
13. The television show MythBusters involves a team led by Adam and Jamie carrying out investigations to test
various myths.
a. Define the term myth. (Use a dictionary if necessary.)
b. Use the internet to find a list of the myths Adam and Jamie have investigated and pick at least three that
you could test using equipment available at home or at school.
c. If your school has any episodes of MythBusters available, watch an episode. Make a list of the myths
tested in the episode and discuss the validity of the experiments carried out by Adam, Jamie and their
team.

Fully worked solutions and sample responses are available in your digital formats.

LESSON
1.6 SkillBuilder — Controlled, dependent and
independent variables

LEARNING INTENTION

At the end of this lesson you will be able to identify independent, dependent and controlled variables.

only
What is the difference between controlled, dependent and independent
variables?

In order to answer a question scientifically, a controlled
investigation needs to be performed. In a controlled
investigation, every variable except the one being tested is
held constant, which stops the results being affected by an
uncontrolled factor. The variable that you are investigating
is called the independent variable. The variable that you are
measuring is called the dependent variable.

Go online to access:
¢ Tell me: an overview of the skill and its application in
science
* Show me: a video and a step-by-step process to explain
the skill
* Let me do it: an interactivity, question set and SkillBuilder
activity for you to practice and consolidate your understanding of the skill
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Resources

eWorkbook SkillBuilder — Controlled, dependent and independent variables (ewbk-12208)
Video eLesson Controlled, dependent and independent variables (eles-4156)

Interactivity Controlled, dependent and independent variables (int-8090)

LESSON
1.7 SkillBuilder — Writing an aim and forming a
hypothesis

LEARNING INTENTION

At the end of this lesson you will be able to write aims and hypotheses.

only
Why do we need to write aims and hypotheses?

When you conduct a scientific investigation, it is important to
write an aim and a hypothesis. An aim is a statement of what
you are trying to find out in your investigation. It is simply
the reason why you are conducting the investigation. An

aim that is simple and clear will allow you to focus on the
investigation.

A hypothesis is an idea that is based on observation that
may explain a phenomenon and it must be able to be tested.
It should be related to your aim and it is a statement, not a
question. A hypothesis cannot be proven correct, but the
results of your experiment will either support your hypothesis
or not support your hypothesis.

—> then this

Go online to access:
* Tell me: an overview of the skill and its application in science
* Show me: a video and a step-by-step process to explain the skill
* Let me do it: an interactivity, question set and SkillBuilder activity for you to practice and consolidate your
understanding of the skill

Resources

eWorkbook SkillBuilder — Writing an aim and forming a hypothesis (ewbk-12210)
Video eLesson Writing an aim and forming a hypothesis (eles-4155)

Interactivity Writing an aim and forming a hypothesis (int-8089)
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LESSON

1.8 SkillBuilder — Measuring and reading scales

LEARNING INTENTION

At the end of this lesson you will be able to read and record measurements accurately.

only
How do you read a scale?
In science, a scale or set of numbered markings generally accompanies each measuring — 50 -
device. For example, your ruler measures length, and its scale has markings enabling — _
you to measure with an accuracy of 0.1 cm. When reading a scale, it is important to - ]
determine what each of the markings on the scale represents. — 24
A small measuring cylinder can provide a reasonably precise measurement of a E
volume of water, but if it is not read at eye level the measurement may not be accurate. —40 —_
Measurements should always be made with your eye in line with the reading you are — i
taking. When scales are read from a different angle, the reading is not accurate. This _ i}
type of reading error is called parallax error. . 23
Go online to access: i
¢ Tell me: an overview of the skill and its application in science 30 N
* Show me: a video and a step-by-step process to explain the skill ]
* Let me do it: an interactivity, question set and SkillBuilder activity for you to +
practice and consolidate your understanding of the skill T2
Resources
eWorkbook Skillbuilder — Measuring and reading scales (ewbk-12212)
Video eLesson Measuring and reading scales (eles-4153)
Interactivity Measuring and reading scales (int-0201)
1.9 SkillBuilder — Drawing a line graph
LEARNING INTENTION
At the end of this lesson you will be able to construct line graphs.
only

What is a line graph?

A line graph displays information as a series of points on a graph that are joined
to form a line. Line graphs are very useful to show change over time. They can
show a single set of data, or they can show multiple sets, which enables us to
compare similarities and differences between two sets of data at a glance.

Go online to access:
¢ Tell me: an overview of the skill and its application in science
* Show me: a video and a step-by-step process to explain the skill

* Let me do it: an interactivity, question set and SkillBuilder activity for you to
practice and consolidate your understanding of the skill

Line graph continuous,
ungrouped data
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Resources

eWorkbook SkillBuilder — Drawing a line graph (ewbk-12214)
Video eLesson Drawing a line graph (eles-1635)

Interactivity Drawing a line graph (int-3131)

LESSON
1.10 SkillBuilder — Creating a simple column or bar
graph

LEARNING INTENTION

At the end of this lesson you will be able to construct simple column or bar graphs.

only
What is a column or bar graph?

Column graphs show information or data in columns. In a bar graph the bars are
drawn horizontally, and in column graphs they are drawn vertically. They can be
hand drawn or constructed using computer spreadsheets.

Go online to access:
¢ Tell me: an overview of the skill and its application in science
* Show me: a video and a step-by-step process to explain the skill
* Let me do it: an interactivity, question set and SkillBuilder activity for you to
practice and consolidate your understanding of the skill

Column graph, ungrouped
data

Resources

eWorkbook SkillBuilder — Creating a simple column or bar graph (ewbk-12216)
Video eLesson Creating a simple column or bar graph (eles-1639)

Interactivity Creating a simple column graph (int-3135)

LESSON
1.11 Case study

LEARNING INTENTION

At the end of this lesson you will be able to describe how an investigation is planned and presented as a
scientific report.

1.11.1 Investigating muddy water

Sean, a Year 9 student, conducted an experimental investigation to compare the turbidity (cloudiness) of water in
the following three locations:

¢ acreek near his school

e acreek near his home

e ariver near his home.
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His search for information in the library revealed that the cloudiness was caused by particles of soil (and
sometimes pollution) suspended in the water. Sean chose his topic because he was interested in the environment.
He felt that clean water was the right of all living things. His research and background knowledge led him to
form the hypothesis that ‘the clearest water will be in the river’.

Sean took water samples from each of the three locations on 4 days. He found a method of measuring turbidity
from a library book. It involved adding a chemical called potash alum to a sample of water in a jar. The potash
alum makes the particles of suspended soil clump together and fall to the bottom of the jar. A layer of mud is
formed. The height of the mud at the bottom is then measured.

SEAN'’S INVESTIGATION

Aim
To compare the turbidity of three local creeks and rivers

Materials

4 large jars or bottles with lids for collecting water samples (capacity of about 1 L each)
4 identical jam jars with lids, labelled 1, 2, 3 and 4

metal teaspoon (not plastic, in case it breaks)

potash alum (potassium aluminium sulfate)

4 water samples from different locations

ruler with 1-millimetre graduations

100 mL measuring cylinder

permanent marker

Method

1. Water samples (about 1 litre each) were collected from a specific part of the creeks and river on the same day.
2. Each of three clean jars was filled to the same level with the water samples — a labelled jar for each location.
A fourth labelled jar was filled to the same level with distilled water.

One level teaspoon of potash alum was added to each jar. Lids were put on the jars and the jars were shaken.
The jars were left for 30 minutes to allow the particles to settle.

The height of the layer of mud on the bottom of each jar was measured and recorded.

The jars were emptied and washed and the experiment was repeated three more times.

Water samples were collected from the same locations on three other days over a ten-day period and the
entire experiment was repeated three more times.

No ok

A summary of Sean’s method, including a list of materials and equipment required, is provided. You will notice
that Sean used a fourth sample. It was needed as a control and contained distilled water. This was to ensure that
there was nothing in the pure water to cause a layer at the bottom of the jar when the potash alum was added.
His results are in table 1.3.

TABLE 1.3 Results table measuring the levels of mud in water samples from three areas

Height of mud (mm)

Test Test
Water sample Average Average En Average
. 5.0/4.5/4.0

1. Home creek [3.5(4.0|5.0 4.2 5.0/4.5|5.0 48 |4.5|5.0|4.5 4.3 4.5
2. School creek (2.5|2.0(12.0, 2.2 |3.0/2.5|2.5 27 |2.0|25|2.5 23 |2.0/2.0/25 2.2
3. Barnes River (1.0/0.5| 0 0.5 |2.0/1.0{1.5 1.5 (05(1.0/0.5 0.7 0.5/0.5/0.5 0.5
4. Distilled water | 0 | 0 | O 0 oj[0]|O 0 0[0]|0 0 oj[0]|O 0
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1.11.2 Analysing the data

Sometimes it is necessary to refine the raw data (the data initially collected), presenting them in a different way.
Sean was planning to use his average measurements to make a column graph. He decided to simplify his table so
that it was easier to construct the column graph. The simplified table (table 1.4) and column graph (figure 1.27)
make it easier for others to read the results, and easier for Sean to see patterns and draw conclusions.

TABLE 1.4 Average heights of mud in water from three different areas

Height of mud (mm)

Sample number DEVA] Day 2 Day 3 Day 4
and source

1. Home creek 4.2 4.8 4.3 45
2. School creek 2.2 2.7 2.3 2.2
3. River 0.5 15 0.7 0.5

FIGURE 1.27 Sean’s graph makes it easier to see patterns and draw conclusions.

Height of mud after 4 days

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0

W Home creek
l School creek
River

Height of mud (mm)

Day 1 Day 2 Day 3 Day 4
Days

1.11.3 Being critical

Sean was pleased with his results and was able to draw conclusions. In the discussion section of his report,

he suggested that further studies be done. The turbidity was affected by weather conditions and the sampling
needed to be done over a longer period, and in different weather conditions. Sean had recorded weather details
on each day that he sampled water and was able to explain the very high mud level in the river on day 2. It is
almost always possible to suggest improvements to your experiments.

1.11.4 Drawing conclusions

Sean’s hypothesis, that the clearest water would be in the river, was supported. His conclusion was written in
point form.

1. The home creek has the muddiest water, with sample values ranging from heights of 4.2 to 4.8 mm of mud
per 200 mL of water. The school creek has moderate amounts of mud compared to the other two samples.
Sample values ranged from 2.2 to 2.7 mm of mud per 200 mL of water. The river water is the clearest, with
sample values of 0.5 to 1.5 mm of mud per 200 mL of water.

2. Weather conditions can alter the amount of mud in water bodies by either adding run-off from drains or
stirring up the water. This was particularly noticeable in the samples taken from the river site on day 2,
which followed a period of rain.
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Sean’s teacher was pleased, and suggested that Sean carry out further research and rewrite his material. They
also suggested that he should think about entering his project into a competition.

The last word comes from Sean. After successfully completing his student research project, he said: ‘It all
depends on the experimental design — get that right and the rest is likely to run smoothly.’

FIGURE 1.28 Chemical waste running into a river. How might you test for such
materials in a water sample from this site?

1.11 Activities

1.11 Quick quiz 1.11 Exercise L These questions are
even better in jacPLUS!
Select your pathway e Receive immediate feedback
e Access sample responses
B LEVEL 1 B LEVEL 2 H LEVEL 3 e Track results and progress

Remember and understand

1. For Sean’s experiment, identify:
a. the independent variable
b. the dependent variable
c. the variables he controlled.

Apply and analyse

2. Explain why a sample of distilled water was included in Sean’s experiment.

3. Explain why Sean repeated the experiment three times each day on four separate days.

4. Suggest how Sean could improve the reliability and accuracy of his experiment.

5. Why did Sean use a column graph rather than another type of graph to present his results?

Evaluate and create
6. In your opinion, is Sean’s conclusion valid? Give reasons for your answer.

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
1.12 Using spreadsheets

LEARNING INTENTION

At the end of this lesson you will be able to use a spreadsheet to record, graph and analyse data.

1.12.1 The advantages of spreadsheets

A spreadsheet is a computer program that can be used to organise data into columns and rows. Once the data are
entered, mathematical calculations, such as adding, multiplying and averaging, can be carried out easily using
the spreadsheet functions.

Spreadsheets have many advantages over handwritten or word-processed results. For example, with spreadsheets
you can:

¢ make calculations quickly and accurately

e change data or fix mistakes without redoing the whole spreadsheet

e use the spreadsheet’s charting function to present your results in graphic form.

1.12.2 Elements of a spreadsheet

Although there are a number of spreadsheet programs available, they all have the same basic features and layout,
as shown in example 1 below. The data shown are from a student research project about the different factors on
the growth of bean plants.

ELEMENTS OF A SPREADSHEET: Example 1

® At the top of the spreadsheet are the toolbar and formula bar.

A row is identified by a number; for example, ‘row 1’ or ‘row 2’.

A column is identified by a letter; for example, ‘column A’ or ‘column B’.

A cell is identified by its column and row address. For example, ‘cell G3’ refers to the cell formed by the

intersection of column G with row 3. In this example, cell G3 is the active cell (shown by its heavy border).

The active cell address and its contents (once data are entered) are shown to the left of the formula bar.

* Arange is a block of cells. For example, ‘range C3:F4’ includes all the cells in columns C through to F and
rows 3 through to 4.

Formula bar Toolbar
< =] : T ™m -8 x
HOME  INSERT DGELAYOUT  FORMULAS | DATA  REVEW  wiEw
o 4 Calibri g AN F=E= * Text
Pute o By e MeA- EEe dae EMegescons - To% v W4 Cond
Active e’ . eaning -
cell —>»G3 - /i =AVERAGE(B3:F3) Formula
A B C D E F G <— Column
lett
1 HEIGHT OF SEEDLING (cm) eters
2 DAY seedling1 seedling2 seedling3 seedling4 seedling5 correct avg
S I Active
8 1 0 0 0 0 0 . 0 cell
4 2 0.5 0 0 0 0.4 0.18
5 8 0.7 0 0.3 0 0.9 0.38
6 4 1 0.1 0.5 0.3 1.2 0.62
7 5 0.4 0.9 0.9 0.7 1.9 f 0.96
T— Row numbers

36 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition



1.12.3 Entering data into cells

You can enter different types of data into a cell:
e anumber or value
 alabel, that is, text (for titles and headings)
e a formula (an instruction to make a calculation).

Decide in which cell you want to insert the data (the active cell). Type the data in the cell and press ‘Enter’. To
edit or change the data, simply highlight the cell and type in the new data — it will replace the old data when
you press ‘Enter’. Example 2 that follows shows a spreadsheet in which data have been entered.

1.12.4 Creating formulae

To create a formula, you need to start with a special character or symbol to indicate that you are keying in a
formula rather than a label or value. This is usually one of the symbols =, @ or +, depending on the spreadsheet
program. For example, a formula to add the contents of cell B1 to cell C1 would take one of the following
forms: =B1+C1 or @B1+C1 or +B1+Cl.

Once you have entered the formula in a cell, the result of the calculation, rather than the formula, will be
shown. The formula can be seen in the status bar when the cell is active (see example 2 that follows). If you
subsequently needed to change the values in B1 or C1, the spreadsheet will automatically use the formula to
recalculate and show the new result.

The symbols used for mathematical operations in spreadsheets are:
+ for addition
— for subtraction
* for multiplication
/ for division.

CREATING FORMULAE: Example 2

The spreadsheet in example 1 has been further developed. Formulae have now been entered to average the
heights of the seedlings.

(=] : T m - 8 x

Il o wsm o moeuvour  roRMis

T
Calibri 12 A A == ¥

Pute 5 82 g-E- Me-A- x=

Gs - Ji | =AVERAGE(B5:F5) < Archive cell
A B C D E F G contents

1 HEIGHT OF SEEDLING (cm)

2 DAY seedling1 seedling2 seedling3 seedling4 seedling5 correct avg

& 1 0 0 0 0 0 0
4 2 0.5 0 0 0 0.4 0.18
5 3 0.7 0 0.3 0 @.9 0.38 |<7This is the active cell.

| The formula in the bar

6 4 1 0.1 0.5 0.3 1.2 I 0.62 e s e ol
7 5 0.4 0.9 0.9 0.7 1.9 0.96 for this cell.
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1.12.5 Using functions

Some common types of calculations are built into the spreadsheet, so that you don’t always need to type out
the full formulae. These are called functions. All functions have two parts: the name and a value (called the
argument) that the function will operate on. The value is normally placed in parentheses, (), and can be written
as a set of numbers or as a range (a block of cells). For example, a function to calculate the average of the
amounts entered in cells B1, B2, B3 and B4 would be written: =AVERAGE(B1:B4).

This is also known as the mean of the values, which is calculated by adding up the values and dividing by how
many there are.

The mode is the value that appears most in the chosen cells.
The median is the middle value when the cells are arranged in order of value. functions common type of

calculation built into spreadsheets
Some of the common functions found in spreadsheets are shown in the table 1.5.

TABLE 1.5 Common spreadsheet functions

AVERAGE calculates the average of the argument =AVERAGE(1,2,3,4)
values

COUNT counts the number of values in the =COUNT(A3:Ab) 4
argument

MAX returns the largest value in the argument | =MAX(1,9,5) 9

MIN returns the smallest value in the =MIN(1,9,5) 1
argument

MODE returns the most common value in the =MODE(1,1,5,5,1) 1
argument

MEDIAN returns the median value of the =MEDIAN(1, 2, 3, 5, 6) 3
argument values

ROUND rounds the argument to the number of =ROUND(12.25,1) 12.3
decimal places specified

SUM calculates the sum of the values in the =SUM(1,9,5) 15
argument

1.12.6 Copying cells

Spreadsheets have a command that allows you to copy a formula or value from one cell to another cell (or into
arange of cells). This is usually found in the Edit menu (Fill Down or Fill Right). The way a formula is copied
depends on whether the cell references use:

e relative referencing, which you use when you want the cell address in the ) . )

f la to ch dine to th lative locati fth 1l that h relative referencing used in a
ormula to change according to the relative location of the cell that you have spreadsheet when the cell address
copied it to. Example 2 in section 1.7.4 uses relative referencing. The formula in the formula is changed
AVERAGE(BS5:FS) in the active cell G5 was copied downwards, so that there absolute referencing used in a
was no need to type the formulae in the rest of the column. The formula in the tsr‘l’r“;adShTet when a cell etlddtress i
. € Tormula remains constant, no

next cell (G6) is therefore .AVERAGE(B6zF6) and so on. . matter where it is copied to

e absolute referencing, which you use when you want a cell address in the
formula to be constant, no matter where it is copied to. Absolute referencing
is denoted by the symbol $ placed in the cell address. For example, $B$3 (see
example 3 below).
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COPYING CELLS: Example 3

[ (= 3 T M - 8 x
HOME  NSEU  PGELWOUT  FORMUAS  DAIA  REVEW  VIEW
- ‘. Calibri 12 - & A == -  Evapim Test
F{xe \,. 8!y~ - DA T2 e BMegelilene - % v WA
e - fi -AVERAGESBSBSFSS) The formuia has a $ sign
in front of the ce
A B C D E F G H coordinates, so that
1 HEIGHT OF SEEDLING (cm) the coordinates do not
adjust automatically
2 DAY seedling1  seedling2 seedling3 seedling4 seedling5 correctav incorrectav  ,5'the row number
3 1 0 0 0 0 0 0 o changes.
4 2 0.5 0 0 0 0.4 0.18 0
5 3 0.7 0 0.3 0 0.9 0.38 0 _ The formula above is
r Ijthe formula for this cell
6 4 1 0.1 0.5 0.3 1.2 I 0.62 07 o B,
7 5 0.4 0.9 0.9 0.7 1.9 0.96 0

1.12.7 Formatting cells

Investigate your spreadsheet program (most come with a tutorial) to learn how to use other useful features,
such as:
¢ adding and deleting rows or columns (useful if you have forgotten to include some calculations in your
planning or decide you don’t need some items)
e changing column widths (to show the full cell contents when the data are longer than the default column
width) and changing row heights so that you can use larger font sizes for titles and headings
e inserting horizontal or vertical lines to improve the presentation of your spreadsheet
e changing cell formats to control how the data are to be displayed, such as using different fonts and
character styles (underlining, bold, italic).

You can also format numeric values in a variety of ways. For example, the Fixed or Number format will display
values to the number of specified decimal places. The Percent format will display values as a percentage, to the
number of specified decimal places.

Once you have keyed in your data and included any necessary calculations, print out your spreadsheet and save
it to a disk so that you can store the document and use it later.

1.12.8 Spreadsheet graphics

The three main types of graphs — pie, bar and line graphs — can usually be produced by a spreadsheet. It
means that you can easily display your results graphically, but you still need to decide which is the most
appropriate type of graph for your data.

The first step in producing a spreadsheet graph is to select the block of the cells that contains the data to be
graphed. Use the spreadsheet’s charting function, which usually brings up a window where you can indicate the
type of graph, and add title and label details. When you are satisfied with the result, you can display and print
out your graph.
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Resources

eWorkbooks Spreadsheeting and graphing (ewbk-12218)
Calculating using a spreadsheet (ewbk-12220)

1.12 Activities learn
1.12 Quick quiz 1.12 Exercise L These questions are
even better in jacPLUS!
Select your pathway ¢ Receive immediate feedback
e Access sample responses
B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

1 2,3 4 Find all this and MORE in jacPLUS ®

Remember and understand

1. Look at the section of a spreadsheet presented below and answer the following questions:

H6 . - Jfx =AVERAGE($B$3:5F$3)

A B c D E F G

HEIGHT OF SEEDLING (cm)

DAY seedling 1 seedling2 seedling3 seedling4 seedlingb correctav incorrect av
1 0 0 0 0 0 I 0 0
2 0.5 0 0 0 0.4 I 0.18 0
3 0.7 0 0.3 0 0.9 I 0.38 0

a. What does cell G3 contain?
b. Does cell E2 contain a value or a label?
c. If the formula in cell G4 is AVERAGE(B4:F4), what would the formula be in cells G5 and G6?

Apply and analyse

2. The following table shows the results of an experiment that tested the amount of time taken for eucalyptus oils

and other substances (0.1 mL of each) to evaporate at a constant temperature. The experiment was done
twice.

TABLE Time taken to evaporate different substances

Time (s)
Substance
Methylated spirits 417 1.85
Turpentine 63.48 43.02
Water 54.42 57.05
Oil from E. rossi 195.92 191.23
Oil from E. nortonii 103.99 105.39

a. Enter the data into a spreadsheet.
b. Use the spreadsheet function to calculate the average time that each substance took to evaporate.
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3. The following table shows the distance travelled by Jesse at 3-second intervals during a 100-metre sprint. The
data were recorded during the sprint by attaching a paper tape to Jesse’s waist. As he ran, the tape was pulled
through a timer that printed a dot every 3 seconds.

TABLE Distance and speed travelled in 3-second intervals

Time (s) ‘ Distance travelled in time interval (m) ‘ Average speed for time interval (m/s)
0 0
3 35
6 25
9 15
12 15
15 10

a. Enter the data into a spreadsheet. Calculate the average speed travelled in each 3-second interval by
applying a formula to the first cell in the column, and then copying it down. Remember that average speed
can be calculated by dividing the distance travelled by the time taken:

Speed = dls.tance
time

b. What was Jesse’s average speed over the total time?
Evaluate and create

4. The following data was collected by two car servicing centres in Canberra, at the request of a student. The
table shows the level of carbon monoxide and carbon dioxide emissions (as a percentage of total emissions)
from cars of various ages.

TABLE Carbon monoxide and carbon dioxide emissions of cars by year of manufacture

Year car manufactured ‘ Carbon monoxide (%) ‘ Carbon dioxide (%)
1977 3.17 11.8
1983 2.48 13.6
1985 3.7 11.4
1987 1.6 13.1
1989 1.08 10.2
1996 0.19 15.2

a. Enter the data into a spreadsheet and create a graph to display these results.

b. Create formulae to work out the average carbon monoxide and carbon dioxide emissions for:
i. cars manufactured up to 1985
ii. cars manufactured from 1987 onwards.

c. Car manufacturers were required to install catalytic converters in cars made after 1986. Catalytic converters
cut down carbon monoxide emissions by converting some of the carbon monoxide to carbon dioxide. What
can you conclude from this data about the success of catalytic converters?

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
1.13 SkillBuilder — Using a spreadsheet

LEARNING INTENTION

At the end of this lesson you will be able to create, label and utilise formulas in a spreadsheet, and insert and
label graphs to analyse data.

only
How do you use a spreadsheet to record, analyse and graph your results?

Spreadsheets, through programs such as Excel, provide
very powerful ways to identify trends and patterns in your
data. They allow for data to be recorded in cells to format
tables, and allow for the quick analysis of data and creation
of different types of graphs.

Insert Page Layoul formulas Data Review View

12 v As AT

>

Go online to access: - - : = b 0
¢ Tell me: an overview of the skill and its application in 1
science j!:] &
* Show me: a video and a step-by-step process to : +
explain the skill :
* Let me do it: an interactivity, question set and

SkillBuilder activity for you to practice and consolidate
your understanding of the skill

Resources

Video eLesson Using a spreadsheet (eles-4230)

Interactivity Using a spreadsheet (int-8160)

eWorkbook SkillBuilder — Using a spreadsheet (ewbk-12222)

LESSON
1.14 Using data loggers and databases

LEARNING INTENTION

At the end of this lesson you will be able to use a data logger, analyse the data generated and how to create
a simple database.

1.14.1 The data logger

A data logger is a device that stores a large number of pieces of information (data) sent to it by sensors

attached to it. The data logger can transfer this data to another device, such as a graphing calculator or, more
commonly, a computer, which can use data logger software or a spreadsheet program to manipulate the data (see
section 1.12.1). Usually the computer or calculator graphs the collected data, and we can use these graphs to see
patterns and trends easily.
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When can a data logger be used?

Data loggers are particularly useful whenever an experiment requires several successive measurements.
Sometimes, these measurements will take place over several hours or days — such as when measuring the way
air pressure varies with the weather. Sometimes, many measurements must be taken over a short time interval —
such as when measuring changes in air pressure as sound waves pass by. Data loggers are very flexible and can
help scientists gather and analyse data for these types of experiments, as well as many others. As an example

of how a data logger might help you in your scientific investigations, let’s consider the following common
exothermic and endothermic experiments.

CASE STUDY: Using a data logger to investigate exothermic and endothermic processes

In an experiment, we investigate temperature changes in chemical processes. In part 1, we observe the reaction
of magnesium metal with dilute hydrochloric acid and, in part 2, citric acid and baking soda. In addition to the
laboratory equipment required for this experiment, including safety glasses, we will need a data logger with a
temperature sensor attached to it. The data logger will need to be attached to a computer on which the data
logger software has been installed.

Part 1: Magnesium in hydrochloric acid

Active metals react with dilute acids to give off hydrogen gas and leave behind a salt that usually stays dissolved
in the water in which the acid was dissolved. To investigate whether heat is given off or taken in during the
reaction, we will need the equipment shown in figure 1.29. We could use a test tube or a beaker (as shown

in the photo). If we use a beaker, we will have to use more acid; in this case, we will use 100 mL of 0.5 mol/L
hydrochloric acid.

FIGURE 1.29 The equipment required for Part 1: Magnesium in hydrochloric acid

We now set up the data logger to collect data for the length of time that we need and at the rate we require. The
data logger itself or its software allows us to do this. Figure 1.30 shows the data logger being set to collect
temperature data for 200 seconds at the rate of once per second. Now it’s a simple matter of putting the
temperature sensor in the dilute acid, pressing the button on the data logger to start data collection and adding
the magnesium.

TOPIC 1 Investigating science 43



FIGURE 1.30 Set the data logger to take temperature data for FIGURE 1.31 Place the

200 seconds at the rate of once per second. temperature sensor into the
Ctoggrpe-unier T beaker of dilute acid and add

the magnesium.

bed @ Page 1 - MplAQQ L LILETAAMIIR (IEE
No device connected.

Data Set i 10—
Time anpf;mmru
(s) °C)

Deta Coiection =X
[ ~
8+ Colecton | Triggering

Made: | Tme Sased v | ClRepeat
V/Sample st Tme 2810
Duration: 20| veconds v|
‘ Triggering is duabied
Contirnuous Data Colecton
g Samping Rate:
1 < 1 samplessecood 1 secondsfsample

© 00~ DD WIN -

Oversamping Samples to be Colected: 201

an e — Time (s)
O

The reaction proceeds for 200 seconds and the sensor sends a temperature measurement every second to the
data logger. When the selected time has passed (that is, after 200 seconds), the data logger sends all the data to
the computer, which (via the software) displays it as a graph, as shown in figure 1.32.

FIGURE 1.32 Graphed data for part 1 of the exothermic and endothermic processes experiment
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Part 2: Citric acid and baking soda

For this part of the experiment, we will need baking soda, citric acid, a beaker, a foam cup, other necessary
laboratory equipment such as safety glasses, as well as a data logger and temperature sensor. We will use 30 mL
of citric acid and 10 g of baking soda. These items are shown in the photograph in figure 1.33.

FIGURE 1.33 The equipment required for Part 2:
Citric acid and baking soda

Once again, we set the run time to 200 seconds and the data collection rate to once per second. We insert the
temperature sensor into the acid, press a button on the data logger to start data collection and then add the
baking soda to the acid. The data logger collects the data, which the computer software automatically graphs
after completion of the run, as shown in figure 1.34.

FIGURE 1.34 Graphed data for part 2 of the exothermic and endothermic processes experiment
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This investigation is summarised in the following investigation box.
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elog-2249

tlvd-10797

INVESTIGATION 1.1

Exothermic and endothermic processes

Part 1 is for Teacher Demonstration only

Materials
¢ safety glasses
bench mat
4 large test tubes and test-tube rack
10 mL measuring cylinder
balance
data logger

°
: h
. iz Temperature probe
°

o

® temperature probe

()

°

°

°

()

w

Test-tube rack

stirring rod
magnesium ribbon
sandpaper
0.5 mol/L hydrochloric acid
30 mL citric acid solution (10 g dissolved in
100 mL water)
® 10 g baking soda (dissolved in 100 mL water)

Data Idééer

Dilute hydrochloric acid
Magnesium metal

Method
Part 1: Magnesium in hydrochloric acid

1. Pour 10 mL of 0.5 mol/L hydrochloric acid into a test tube in a test-tube rack. Place a thermometer or probe in
the test tube and allow it to come to a constant temperature. Record the temperature of the solution.

2. Clean a 10 cm piece of magnesium ribbon using the sandpaper until it is shiny on both sides. Coil the
magnesium ribbon and place it into the test tube of hydrochloric acid.

3. Observe the temperature of the solution as the magnesium reacts with the hydrochloric acid. Record the final
temperature of this solution.

Part 2: Citric acid and baking soda

4. Pour 10 mL of citric acid solution into a test tube in a test-tube rack. Place a thermometer in the water in the
test tube and allow it to come to a constant temperature. Record the temperature of the water.

5. Use a balance to weigh 3 g of baking soda; add it to the water in the test tube and stir gently.

6. Observe the temperature of the solution as the baking soda dissolves in the water. Record the final
temperature of this solution.

1.14.2 Using databases

Databases are simply information or data arranged in one or more tables. We use databases every day; for
example, when we look up information in the index of a book.

An electronic database is one of the most powerful computer applications and is an important tool for a business,
an organisation or a scientist. A database’s design is crucial to its usefulness, so a database must be designed
with ease of searching uppermost in mind. The most common is Microsoft Access. In the activity that follows
you will create a database using some of the features of Microsoft Access.

ACTIVITY: Creating a database of Nobel Prize winners

Before creating your database, you will need to find some information to put in it. This is best done as a class
activity with each student in the class researching one or two Nobel Prize winners.
e Each student in the class should research one or two different Nobel Prize winners. Choose people who have
won a Nobel Prize for work in the categories of Chemistry, Physics or Medicine.
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® For each prize winner, collect the data listed below. Ideally the data should be written on cards that can be
passed around the class, or they could be displayed in large writing on large sheets of paper around the
room.

First name

Last name

Country of birth

Year of birth

Category of award (such as Chemistry, Physics or Medicine)

Organisation (where the person worked)

Nobel Prize awarded for (one sentence or phrase that outlines the work for which the scientist received
the award)

Share received (if the award was shared by a group of people)

® Microsoft Access software is commonly used to create databases. The following instructions may not be the
same as your edition of this software. Other editions are similar to use but the screens are not exactly the
same. You can start Access by clicking on the search bar of your PC and then the Access icon is shown.

All Apps Documents Web More ¥

Best match for apps
m Access
App
Apps
&1 Control Panel >

Store

B access - Search for apps in the Microsoft Store

* When you open the software, a list of options will appear along the top of the screen. Choose the option
Blank database. A dialog box will appear for you to enter a name for your database and click Create.

Good afternoon

Blank database

Recent  #in

QY D

@) Dot

* A Table window will open. Ensure you are in Design view by clicking on the drop-down View options under
File. This will prompt you to Save the table. Give the table a suitable name (such as ‘Table 1°) and click OK.
Now you can enter field names, which are the column headings for the database. Enter the field names
as shown in the next figure. You will note that, by default, the data type may be Autonumber. Use the
drop-down menu to choose Short text.
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Table Tools Noble prize winners : Database|

Home Create External Data Database Tools Help Q Tell me what you want to do

i’"”‘": ? ) €= |nsert Rows = r_ ;- =
moes = X Delete Rows S —k ==, » ,A =
View  Primary Test Validation - : Property Indexes Create Data Rename/ Relationships
v Key Rules =& Modify Lookups Sheet Macros ~ Delete Macro
Views Tools Show/Hide Field, Record & Table Events
All Access Obje... ® «|| = Taveet\ ,
Field Name Data Tyd}
— © 112 | Field Name Short Text
Yokt = Last Name Short Text
3 Tablet Country of birth Short Text
| Yearof birth Short Text
Category Short Text
Organisation Short Text
Noble prize awarded for Short Text

Short Text

* Now that you have designed the database, it is time to change

on the left-hand corner of the screen. You will be prompted to save the

table. Give the table a suitable name (such as ‘Table 1°) and

click OK. -
* Enter the data that you and your classmates found into the table.

to datasheet view. Click on the Datasheet view button E
View

(—
tes
Objec

Depende:
Relationships

e
View

-

You can do this manually or import data from a spreadsheet or text file by using the External data tab on the

ribbon. When you have done this, save your database.

The great thing about databases is that they allow you to search for data that match particular criteria. This is
called running a query. We are going to create a query to find all the Nobel Prize winners in our database who

were awarded a prize for Medicine and were born in the United States.

* Make sure you are in datasheet view. Click Create on the ribbon. Select Query wizard, then
Simple Query Wizard and then click OK. The fields in your table will be displayed; click on the
ones you want to appear in the query, then click on the single arrow to move them into the
Selected Fields box. Select the following fields: first name, last name, country of birth and
category. When you have done this, click Next. In the next dialog box, enter a name for your
query, select Modify the query design and click on Finish.

48 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition

ER

Query
Wizard



Simple Query Wizard

Tables/Queries
Table: Table1
Available Fields:
|Year of birth

Noble prize awardel] for
Share received

Click on a field to select it.

® The screen below will appear. Now enter the criteria you want the query to look for in the appropriate boxes.

Which fields do you want in your query?

You can choose from more than one table or query.

=
Selected Fields:
|First Name

Last Name
Country of birth

<<

Cancel

Click on the single arrow
to move the field into the
Selected Fields box.

In the Category column, type ‘Medicine’ (without the quotation marks) in the Criteria row. In the Country of
birth column, type ‘United States’ in the Criteria row. Quotation marks will automatically appear when you

press [Enter]. This is shown below.

H ®- Nable prize winners : Dotabase-
File Home Create External Data Database Tools Design
| == p == O Union == = insetRows 1" Insert Columns b
1 ElE+ 21 B K EEH || 2 e i
X e =i £ Pass-Through ¥ Delete Rows  x Delete Columns
YView Run Select. Make Append Update Crosstab Delete = Show - .= To
= Table E< Data Definition  Taple 4> Builder o Returr: | All
Results Query Type Query Setup
- = 1 Tablel | =1 Tablet Query
All Access Obje... @ « i
peachs 2 Tablel
Tables E
= Tabler ¥ First Name
Queries ® Last Name
1 Tablel Query Country of birth
Year of birth
Category -
Field: | First Name Last Name Country of birth Category
Table: |Tablel Tablel Tablel Tablel
Sort:
Show: = =i =
Criteria: “Unites States’ “Medicine”

on

* Now click on the Run button in the toolbar near the top of the screen. The query will run and a
table displaying the Nobel Prize winners that match your criteria will appear. I

* Create a new query to display the Nobel Prize winners who won the Nobel Prize for Physics and

were born in England.

Run
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1.14 Activities learn

1.14 Quick quiz 1.14 Exercise L These questions are

even better in jacPLUS!

¢ Receive immediate feedback
e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 * Track results and progress
1,3 2,4 5,6

Select your pathway

Remember and understand

1. Describe a data logger and what it does in a way that a Year 7 student would understand.

2. a. List the advantages of using a data logger over taking the measurements manually.
b. Describe an experiment in which using a data logger provides an advantage over manual data collection.

3. Acids are corrosive substances; they react with most metals, such as the magnesium in part 1 of the case
study and Investigation 1.1. The temperature probe is made of metal but it doesn’t react with acids. What sort
of metal is it and what protects it from the acid?

Apply and analyse

4. Sensors are the devices that take the measurements that the data logger collects. Think of scientific
investigations that could use data collected by sensors that measure:
a. electric current
b. acidity of solutions
c. concentration of carbon dioxide in the air
d. total dissolved solids (salt content)
e. light intensity.

Evaluate and create

5. Look back at Part 1: Magnesium in hydrochloric acid in the case study.
a. Write a word equation for the reaction that occurs.
b. Look at the graph of temperature vs time for this reaction in figure 1.31. Was the reaction exothermic or
endothermic? How do you know?
. How long after data collection began was the magnesium ribbon added to the acid? How do you know?
. How did the person who conducted this investigation know when the reaction was complete?
. What was the initial temperature of the dilute acid used in this experiment?
. What change in temperature did this reaction cause in the liquid in the beaker?
6. Look at the graph of the collected data produced by the computer in figure 1.33 for Part 2: Citric acid and
baking soda in the case study.
a. What was the temperature of the acid at the start of the experiment?
b. What was the lowest temperature that the solution of citric acid and baking soda reached? How long after
first adding the baking soda did this occur?
c. Is dissolving baking soda in citric acid an exothermic or endothermic process? How do you know?

S0 Q0

Fully worked solutions and sample responses are available in your digital formats.
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LESSON

1.15 Thinking tools — Visual thinking tools

1.15.1 Tell me

There are so many different ways to see and share what is happening inside
your brain. Here are some tools that can be used to make your thinking visible so
that you can share and discuss it with others.

Like a builder, it is important for you to use the right tool to get the job done.

e Storyboards, flow charts, timelines, fishbone diagrams and cycle maps
are useful tools to order or sequence your thoughts (figure 1.35).

e Priority grids, target maps, continuums or pie charts can be used to
quantify or rank ideas (figure 1.36).

e Matrices, SWOT analysis charts, Venn diagrams, and bubble maps are
useful when you want to analyse or compare your thoughts (figure 1.37).

e Concept maps, PMI charts and mind maps help you to visualise or reflect
on an idea (figure 1.38).

There are also times when combinations of these tools can help you to use your
brain and time more effectively.

1.15.2 Show me

The following diagrams show various ways to organise your thinking. The tool
you choose to use depends on what topics, ideas, events or process you are
examining.

These tools are explored in more detail in the following topics:
e Topic 3: Priority grids and matrices
e Topic 4: Cycle maps and relations diagrams
e Topic 5: SWOT analysis
* Topic 6: Concept maps and plus, minus, interesting charts
e Topic 7: Matrices and plus, minus, interesting charts
¢ Topic 8: Double bubble maps
e Topic 9: Plus, minus, interesting charts
e Topic 10: Flow charts

storyboard a visual thinking tool
that summarises a sequence of
scenes

flow chart a visual thinking tool
that shows a sequence of events
or steps in a process

timeline a visual thinking tool that
shows a sequence of events by
date

fishbone diagram a visual
thinking tool that analyses and
compares by breaking an event
into smaller causes to show why
something has happened

cycle map a visual thinking tool
that describes a cyclical process
priority grid a visual thinking tool
that quantifies and ranks based
on two criteria

target map a visual thinking tool
that quantifies and ranks based
on relevance

continuum a visual thinking

tool that shows extremes of an
idea or where people stand on a
particular idea or issue

pie chart a diagram using sectors
of a circle to compare the sizes of
parts making up a whole quantity
matrix a visual thinking tool

that organises, analyses and
compares using a grid

SWOT analysis chart a visual
thinking tool that helps classify

or organise thoughts according

to strengths, weaknesses,
opportunities and threats

Venn diagram a visual thinking
tool that analyses and compares
by showing common features and
different features

bubble map a visual thinking

tool that organises, analyses and
compares by showing common
and different features of topics
concept map a visual thinking
tool that shows the connections
between ideas

PMI chart visual thinking tool that
classifies using positive, negative
and interesting features

mind map a visual thinking tool
with a central idea and associated
ideas arranged around it
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FIGURE 1.35 Thinking tools that help you order or sequence your thoughts
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FIGURE 1.36 Thinking tools that help you quantify or rank your thoughts
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FIGURE 1.37 Thinking tools that help you analyse or compare your thoughts
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FIGURE 1.38 Thinking tools that help you visualise or reflect on your thoughts
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1.15.3 Let me do it

J 1.15 Activity L These questions are Ry

even better in jacPLUS! "J'
e Receive immediate feedback ,,:H L

1. State the types of visual thinking tools that are best suited to:
a. quantifying or ranking ideas o Access sample responses
b. visualising or reflecting e Track results and progress
c. analysing or comparing
d. ordering or sequencing.
2. Use a visual thinking tool to summarise key or interesting points
from each lesson within this chapter.

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
1.16 Review

Hey students! Now that it’s time to revise this topic, go online to:

Review your Watch teacher-led Practise questions with
results videos immediate feedback

Access your topic review eWorkbooks Resources
Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-12224 ewbk-12226 ewbk-12228

1.16.1 Summary

Scientists through the ages

e The earliest scientists were the ancient Greek philosophers who used logic and conducted thought
experiments.

e The scientific revolution started when Galileo Galilei invented the telescope and used it to propose new
theories about the planets and stars. His work formed the basis of many other influential scientists’
discoveries.

e Isaac Newton furthered our understanding of the universe by creating the theory of gravity, which
explained the movement of the planets around the Sun.

* Modern-day scientists work more collaboratively than past scientists and can, therefore, conduct research
more efficiently.

Accidents and observations

e Many of the great scientific discoveries came about by accident.

e Luigi Galvani created the first electric cell by accident while dissecting a frog.

e X-rays were discovered when German physicist Wilhelm Rontgen noticed that a photographic plate he had
left sitting around glowed when high voltage electricity passed through a glass tube.

e Penicillin was discovered when a spot of mould on a dish that was growing bacteria prevented the bacteria
from growing near it.

A question of ethics

 Ethics is the system of moral principles on the basis of which people, communities and nations make
decisions about what is right or wrong.

 Ethics affects the way experiments are conducted, types of research and practices within the scientific
community.

e Animal testing is not allowed in Australia and most places around the world.

e The ethics of any new drug production should be examined to balance profitability and the benefit to the
community.

e Genetic modification involves moving genes from one plant to another, to enable the plants to have certain
characteristics.

Planning your own investigation

* The scientific method provides a template that allows scientific research to be communicated worldwide.
* A hypothesis is a tentative, testable and falsifiable statement for an observed phenomenon that acts as a
prediction for the investigation.
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e The first step in the scientific method is to develop a valid question.

¢ A logbook provides a complete record of your investigations; it should be dated and contain notes, results,

diagrams, evidence, problems, and evaluations and drafts of your conclusions.

e There are three types of variables:
o Independent variables are deliberately changed in an experiment.
o Dependent variables are the variables that are measured in an experiment.
o Controlled variables are kept constant throughout an experiment.

e The process of controlling variables is also known as fair testing.

¢ Scientific experiments are valid if they measure what they set out to measure. For example, if you were
investigating the growth rate of plants and you measured the number of plants that germinated over a
period of time, your experiment would be invalid as it is not measuring the growth rate.

e Precision is a measure of how close together your measurements are across multiple trials.

e Accuracy is a measure of how close your results are to known values.

e There are two types of data:
¢ Quantitative data is data that is numerical.
o Qualitative data is expressed in words.

e Data is much easier to understand when it is presented graphically. Types of graphs include scatterplots,
line graphs, bar/column graphs, histograms, pie charts and divided bar charts.

¢ On a line graph, the independent variable is shown on the x-axis, and the dependent variable on the y-axis.

¢ A scientific report should contain an abstract, introduction, aim, materials, method, results, discussion,
conclusion, bibliography and any acknowledgements.
e Valid investigations are able to be replicated in different circumstances but with the same conditions.

e Surveys should have a large sample size, the questions should be clear, and a control group should be used

if necessary.

Case study
e Sean’s investigation into the turbidity (cloudiness) of water sources near his home show how an
investigation can be completed, from start to finish.
Using spreadsheets

e Spreadsheets can be used to analyse or graph data automatically. This can save time and reduce errors.
e Spreadsheets contain many functions that can be used to extract information from data or perform
calculations automatically. Examples include average, count, max, min, round and sum.

Using data loggers and databases

e Data loggers are instruments that record data digitally. This reduces the human error in their measurements,

making them a reliable source of data.
¢ Some data loggers are also able to plot the data they record to provide accurate graphs automatically.
¢ Databases are information or data arranged in one or more tables. Spreadsheets can be used to draw
conclusions about the data in a database.

1.16.2 Key terms

absolute referencing used in a spreadsheet when a cell address in the formula remains constant, no matter
where it is copied to

accurate refers to how close an experimental measurement is to a known value

aim a statement outlining the purpose of an investigation

bibliography list of references and sources at the end of a scientific report

blog a personal website or web page where an individual can upload documents, diagrams, photos and short
videos, add links to other sites and invite other people to post comments

bubble map a visual thinking tool that organises, analyses and compares by showing common and different
features of topics
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calibrate to check or adjust a measuring instrument to ensure accurate measurements

concept map a visual thinking tool that shows the connections between ideas

continuum a visual thinking tool that shows extremes of an idea or where people stand on a particular idea or
issue

control an experimental set-up in which the independent variable is not applied that is used to ensure that the
result is due to the variable and nothing else

controlled variables the conditions that must be kept constant throughout an experiment

cycle map a visual thinking tool that describes a cyclical process

dependent variable the variable that is being affected by the independent variable — that is, the variable you are
measuring

ethics the system of moral principles on the basis of which people, communities and nations make decisions
about what is right or wrong

fair testing testing where only one variable is changed and keeps all other variables constant when attempting to
answer a scientific question

falsifiable can be proven false

fishbone diagram a visual thinking tool that analyses and compares by breaking an event into smaller causes to
show why something has happened

flow chart a visual thinking tool that shows a sequence of events or steps in a process

functions common type of calculation built into spreadsheets

galvanometer an instrument used to measure small electric currents; named after Luigi Galvani

genetic modification (GM) the technique of modifying the genetic structure of organisms making it possible to
design organisms that have certain characteristics

independent variable the variable that you deliberately change during an experiment

logbook a complete record of an investigation from the time a search for a topic is started through to conclusion
lysozyme a chemical (enzyme) in human teardrops able to kill some types of bacteria as part of your body’s
natural defence

matrix a visual thinking tool that organises, analyses and compares using a grid

mind map a visual thinking tool with a central idea and associated ideas arranged around it

penicillin a powerful antibiotic substance found in moulds of the genus Penicillium that kills many
disease-causing bacteria

pie chart a diagram using sectors of a circle to compare the sizes of parts making up a whole quantity

PMI chart visual thinking tool that classifies using positive, negative and interesting features

precise refers to how close multiple measurements of the same investigation are to each other

priority grid a visual thinking tool that quantifies and ranks based on two criteria

qualitative data (or categorical data) data expressed in words

quantitative data (or numerical data) data that can be precisely measured and have values that are expressed in
numbers

relative referencing used in a spreadsheet when the cell address in the formula is changed

reliable data data that is able to be replicated in different circumstances but the same conditions

scientific method a systematic and logical process of investigation to test hypotheses and answer questions
based on data or experimental observations

storyboard a visual thinking tool that summarises a sequence of scenes

SWOT analysis chart a visual thinking tool that helps classify or organise thoughts according to strengths,
weaknesses, opportunities and threats

target map a visual thinking tool that quantifies and ranks based on relevance

testable able to be supported or proven false through the use of observations and investigation

timeline a visual thinking tool that shows a sequence of events by date

valid describes an experiment that truly investigates what it sets out to investigate (via an appropriate method,
controlling variables etc.)

variable any factor that can be changed, kept constant (controlled) or measured during an experiment

Venn diagram a visual thinking tool that analyses and compares by showing common features and different
features
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Resources

eWorkbooks Study checklist (ewbk-12230)
Reflection (ewbk-12237)
Literacy builder (ewbk-12231)
Crossword (ewbk-12233)
Word search (ewbk-12235)

Solutions Topic 1 Solutions (sol-1135)

Practical investigation eLogbook Topic 1 Practical investigation eLogbook (elog-2237)

Digital document Topic 1 Key terms glossary (doc-40107)

1.16 Activities learn

J 1.16 Review questions L These questions are P
even better in jacPLUS! 'f’ I8
* Receive immediate feedback =
e Access sample responses -
B LEVEL 1 B LEVEL 2 M LEVEL 3 e Track results and progress

1,2 &8 50 Find all this and MORE in jacPLUS ® |

ol T Fov

Select your pathway

Remember and understand

1. Match the words in the list below with their meanings.

a. Conclusion A. Concerns that deal with what is morally right or wrong

b. Abstract B. The variable that is deliberately changed in an experiment

c. Discussion C. The part of a journal article where a brief overview of the article
is given

d. Results D. Alist of steps to follow in an experiment

e. Hypothesis E. The answer to the aim or the problem

f. Ethical considerations F. Alist of equipment needed for the experiment

g. Independent variable G. The variable that is measured in an experiment

h. Dependent variable I H. States what was seen or measured during an experiment. May
be presented in the form of a table or graph.

. Method i. A sensible guess to answer a problem

i- Apparatus J. The part of a report where problems with the experiment and

suggestions for improvements are discussed

2. List some of the factors affecting the decision about whether money is spent on finding a cure for a particular
disease.

Apply and analyse

3. Should farmers be allowed to plant the type of crop they believe produces the best yield, irrespective of
whether others object to the manner in which the crop was bred?

4. In the film Super Size Me, the film-maker Morgan Spurlock gains weight and suffers health problems after
thirty days of eating from only one fast-food chain. The film suggests that this fast food is unhealthy.
a. What factors should be taken into account when considering the effects of a fast-food diet compared with a

broader eating pattern?

b. Was this a controlled experiment?
c. Is Spurlock’s argument valid? Explain your answer.
d. What type of arguments could the fast-food chain put forward in response to the film Super Size Me?
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Evaluate and create

5. Gemina and Habib wanted to investigate whether the type of surface affects how high a ball bounces. Habib
thought the ball would probably bounce the highest off a concrete floor. They dropped tennis balls from
different heights onto a concrete floor, a wooden floor and carpet. Their results are shown in the table
provided.

TABLE Height of ball bounce off different surfaces

Average height of bounce (cm)
Distance ball dropped (om) | Gonorete | Wood | Garpet

25 \ 22 14 8
50 46 34 18
75 70 50 26
100 94 66 34
125 X 85 Z
150 128 94 48
175 129 ” Y 50
200 130 100 51

. Write a hypothesis for this experiment.

. Construct a line graph of Gemina and Habib’s results.

. Use your graph to estimate the values X, Y and Z.

. Identify two variables that had to be kept constant in this experiment.

. Identify two trends in the results.

Do the results support the hypothesis you wrote?

g. Predict how high the tennis ball would bounce off each floor if it was dropped from a height of 225 cm.

6. Miranda wanted to test the following hypothesis: Hot soapy water washes out tomato sauce stains better than
cold soapy water.

S0 Q00T

TABLE Observations of washing in different water temperatures

Water temperature (°C) Observations

20 Dark stain left after washing
40 Faint stain left after washing
60 No stain left after washing
80 No stain left after washing

a. List the equipment she will need.

b. Identify the independent and dependent variables in this investigation.
c. List the variables that will need to be controlled.

d. Outline a method that could be used to test the hypothesis.

e. Write a conclusion based on Miranda’s results.

Fully worked solutions and sample responses are available in your digital formats.

Hey teachers! Create custom assignments for this topic

‘? Create and assign Access quarantined o — Track your
0 unique tests and exams tests and assessments 4 5  students’ results

Find all this and MORE in jacPLUS @
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Online Resources

Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

1.1 Overview

eWorkbooks

* Topic 1 eWorkbook (ewbk-12189)

e Student learning matrix (ewbk-12191)
® Starter activity (ewbk-12192)

Solutions
® Topic 1 Solutions (sol-1135)

Practical investigation eLogbook
® Topic 1 Practical investigation eLogbook (elog-2237)

Video eLesson
* Australia’s top scientists (eles-1079)

Weblink
® The Australian Academy of Science

1.5 Planning your own investigation

eWorkbooks

¢ Setting up a logbook (ewbk-12194)

® Variables and controls (ewbk-12196)

® |nvestigating (ewbk-12198)

® Organising and evaluating results (ewbk-12200)
® Drawing conclusions (ewbk-12202)

® Summarising (ewbk-12204)

¢ Evaluating media reports (ewbk-12206)

1.6 SkillBuilder — Controlled, dependent
and independent variables

eWorkbook
e SkillBuilder — Controlled, dependent
and independent variables (ewbk-12208)

Video elLesson
® Controlled, dependent and independent
variables (eles-4156)

Interactivity
® Controlled, dependent and independent
variables (int-8090)

60 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition

1.7 SkillBuilder — Writing an aim and

forming a hypothesis

eWorkbook
e SkillBuilder — Writing an aim and forming
a hypothesis (ewbk-12210)

Video eLesson
® Writing an aim and forming a hypothesis
(eles-4155)

Interactivity
® Writing an aim and forming a hypothesis
(int-8089)

1.8 SkillBuilder — Measuring and reading

scales

eWorkbook
e Skillbuilder — Measuring and reading scales
(ewbk-12212)

Video eLesson
® Measuring and reading scales (eles-4153)

Interactivity
® Measuring and reading scales (int-0201)

1.9 SkillBuilder — Drawing a line graph

eWorkbook
¢ SkillBuilder — Drawing a line graph
(ewbk-12214)

Video eLesson
® Drawing a line graph (eles-1635)

Interactivity
® Drawing a line graph (int-3131)



1.10 SkillBuilder — Creating a simple 1.14 Using data loggers and databases
column or bar graph

Practical investigation eLogbook
eWorkbook ® Investigation 1.1: Exothermic and
¢ SkillBuilder — Creating a simple column endothermic processes (elog-2249)
or bar graph (ewbk-12216)
Teacher-led video

Video eLesson ® Investigation 1.1: Exothermic and
® Creating a simple column or bar graph endothermic processes (tlvd-10797)
(eles-1639)
1.16 Review
Interactivity
. Qreating a simple column graph eWorkbooks
(int-3135) * Topic review Level 1 (ewbk-12224)
* Topic review Level 2 (ewbk-12226)
1.12 Using spreadsheets * Topic review Level 3 (ewbk-12228)
® Study checklist (ewbk-12230)
eWorkbooks ® Literacy builder (ewbk-12231)
® Spreadsheeting and graphing ® Crossword (ewbk-12233)
(ewbk-12218) * Word search (ewbk-12235)
® Calculating using a spreadsheet * Reflection (ewbk-12237)

(ewbk-12220)
Digital document

1.13 SkillBuilder — Using a spreadsheet * Topic 1 Key terms glossary (doc-40107)

eWorkbook
¢ SkillBuilder — Using a spreadsheet (ewbk-12222)

Video eLesson
® Using a spreadsheet (eles-4230)

Interactivity
® Using a spreadsheet (int-8160)

To access these online resources, log on to www.jacplus.com.au.
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SkillBuilder — Controlled, dependent and independent
variables

1.6.1 Tell me

What is the difference between controlled, dependent and independent variables?

In order to answer a question scientifically, a controlled investigation needs to be performed. In a controlled
investigation every variable except the one being tested is held constant, which stops the results being affected
by an uncontrolled factor. The variable that you are investigating is called the independent variable. The variable
that you are measuring is called the dependent variable.

What is the application of variables in science?

In many branches of science research, questions are being asked such as what is the best way of doing this,
how can this be done faster or more efficiently, how can we cure this disease? In order to answer complicated
questions, investigations must be carried out that are well thought out and planned so that the results can be
trusted and repeated.

When creating scientific questions, developing aims and formulating hypotheses, it is vital to know which
variables are which. Understanding variables ensures that a fair test is created and your questions, aims and
hypotheses are specific and targeted.

1.6.2 Show me

How do you identify and use controlled, dependent and independent variables?
Materials

e 2 thermometers or temperature probes

e 2 identical glasses or beakers

e ice-cube trays that make cube-shaped iceblocks

* ice-cube trays that make spherical-shaped iceblocks
e 1 L of water

¢ measuring cylinder

Method

Step 1

Determine which variable you are changing and testing in your investigation; this is the independent variable. In
this investigation, the aim is to investigate which iceblock’s shape is most successful at reducing the temperature
of the water.

Therefore, the independent variable is the shape of the iceblocks.

Step 2
Determine which variable you are measuring in your investigation. In this case it is the temperature of the water.

Step 3

Ensure a fair test is created by making sure all other variables are controlled. Consider all the factors that need to
be controlled: the amount of water, the volume of the iceblock, the initial temperature of the water, the number
of iceblocks and the time.

Step 4
Conduct the investigation.
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Determine the volume of water needed to fill the spherical ice-cube tray by filling it using the measuring
cylinder and recording the volume.

Using the measuring cylinder, fill the cube-shaped ice-cube tray with the same volume of water as used to fill the
spherical ice-cube tray. Freeze both trays overnight for the same amount of time.

Step 5

Fill each glass to half its volume with water using the measuring cylinder to ensure each glass has the same
volume in it. Add the thermometer or temperature probe to each glass. At the same time, add two spherical
iceblocks to one glass but ensure it does not overflow and add the same number of cube iceblocks to the other
glass ensuring that the water does not overflow.

Step 6

Measure and record the temperature in each glass until it stops falling and starts to rise. Repeat the experiment
using the remaining iceblocks.

Resources

eWorkbook SkillBuilder — Controlled, dependent and independent variables (ewbk-4630)

Interactivity Controlled, dependent and independent variables (int-8090)

1.6.3 Letme do it

Complete the following activities to practise this skill.

1.6 ACTIVITIES

1. For the previous investigation:
a. identify the independent variable
b. identify the dependent variable
c. identify three controlled variables.

2. The investigation can be used to determine which iceblock cools a drink to the lowest temperature.
a. Describe how this could be done.

b. What is the dependent variable in this case?

3. To investigate various ways of keeping cut flowers alive, several different substances were added to the water
in three identical vases. The substances were 5 g of sugar, 5 g of salt and 5 g of vinegar. A fourth vase was set
up using only water with nothing added. A bunch of flowers was divided up so that there were the same
number of individual flowers in each of the four vases.

a. ldentify the independent variable.

b. Identify the dependent variable.

c. Which two variables are controlled?

d. Why was one vase set up with only water in it?

Checklist

| have:
¢ identified the dependant variable
¢ identified the independent variable
¢ identified the controlled variables.
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SkillBuilder — Writing an aim and forming a hypothesis

1.7.1 Tell me

Why do we need to write aims and form hypotheses?

In science, we conduct investigations to gather data and results and draw conclusions. Every investigation
requires an aim — a short statement of what we are trying to achieve. Alongside an aim, the ability to formulate
predictions is important in science. This is done through the use of a hypothesis. Being able to write aims and
hypotheses are vital skills for any scientist.

What is the application of aims and hypotheses in science?

A hypothesis is an idea that is based on observation, which can be tested in an investigation by experiment or
data. Investigations can involve testing, field work, using models or simulations, finding and using information
for various sources and conducting surveys.

The aim is a question or a statement about the direction of the scientific investigation. It provides a purpose of
the investigation.

A hypothesis is an educated prediction of the outcome of an investigation, which can be supported or
unsupported through the results of an investigation.

1.7.2 Show me

How do we write aims and form hypotheses?
Materials

* an idea for an investigation that interests you such as finding out if the bushfood, warrigal greens (scientific
name: Tetragonia tetragonioides) grows best from seeds or from cuttings. Warrigal greens are an
indigenous crop to Australia and New Zealand; the leaves are a tasty alternative to spinach.

Method

Step 1

To write an aim, you need to first identify your independent and dependent variables. The independent variable
is what you are changing: Using seeds or cuttings from warrigal greens.

The dependent variable is what you are examining: The growth of warrigal greens.

Step 2
It often helps to write your idea as a scientific question; for example, how are warrigal greens best grown?

Step 3
Use this to develop your aim. An aim usually is in one of two formats:
a. to the independent variable on the dependent variable
b. to if the dependent variable is affected by the independent variable.

For this investigation, some example aims may be:
e to compare the difference between the use of seeds and cuttings on the growth of warrigal greens
* to observe if the growth of warrigal greens is affected by the use of seeds or cuttings during planting
e to determine whether warrigal green seeds or warrigal green cuttings result in the greatest amount of plant
growth.
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Step 4

Refine your aim into a hypothesis, in this case written as an if” and ‘then’ statement. This should again link
your variables. For example, if the same number of warrigal seeds and cuttings are planted and the two crops
compared after one month, then the cuttings will produce a greater weight of picked leaves.

Step 5

Check that your hypothesis is able to be tested or backed up by data. In this case the two crops of leaves can be
weighed and compared.

Resources

eWorkbook SkillBuilder — Writing an aim and forming a hypothesis (ewbk-4626)
Interactivity Writing an aim and forming a hypothesis (int-8089)

1.7.3 Let me do it

Complete the following activities to practise this skill.

1.7 ACTIVITIES

1. Decide if the statements below are true or false.

a. The aim of an investigation starts with an idea or problem.

b. The aim is written as an if-then statement.

c. The hypothesis is written as a question.

d. The hypothesis must be able to be tested by experiment
results or data.

2. A student was interested in investigating how to grow the
bushfood warrigal greens, using seeds, to produce a plentiful
crop in the shortest amount of time. The student observed that
some plant seeds germinate only when soaked in water or
exposed to smoke.

a. Write an aim for the student’s investigation.
b. From your aim, write a hypothesis for an investigation.
c. Describe how your hypothesis could be tested.

3. a. Decide if each of the options below is written as an aim, a hypothesis or neither and then circle your choice.
i. To determine how much rubbish is collected from my school in one day.

ii. If the different colours of new cars purchased this year were calculated, then the most popular colour
would be black.

ili. Chocolate is the most popular snack food at my school.

iv. If the temperature drops below five degrees Celsius for three days in a row then it will rain on the fourth
day.

v. To investigate how tall a wall mirror should be in order for me to see my full height (185 cm) from one
metre away.

b. For any of the options in part a, that is neither an aim nor a hypothesis, rewrite it as a possible hypothesis.

Checkilist
| have:
® chosen an idea or problem that is not too general
® rewritten the idea as a question to form the aim
® developed my aim into a hypothesis in the form of an if-then statement
* checked to see if my hypothesis is able to be tested or backed up by data.
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SkillBuilder — Measuring and reading scales

1.8.1 Tell me

Why do we need to measure and read scales?

When conducting experiments, it is critical that measurements and data are recorded accurately. Whether
measuring volume or temperature, or interpreting alternate scales, it is important that they are recorded
accurately.

What is the application of measuring and reading scales in science?

In science applications, measuring and reading scales are used to observe and record many variables including
volumes of liquids or gas, mass, length and temperature. It is important that scales are used correctly to reduce
random errors and ensure that the data obtained is accurate, in order to obtain valid conclusions.

FIGURE 1 The temperatures measured by thermometers A and B are 32 °C and 24.2 °C, respectively.
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1.8.2 Show me

How do we measure and read scales?
Materials

e thermometer with a liquid column (alcohol or mercury)
e 250 mL measuring cylinder or burette

Method

Step 1

A thermometer with a liquid column should have markings on its scale. Find the top of the measuring column
and position your eye so that it is level with the top of the column. This will avoid any parallax errors in reading
the temperature. Read the number on the largest scale division below the top of the column.

Step 2

Read the number on the largest scale division above the top of the column and count how many scale divisions
there are between the lower and higher scale divisions. Divide the number of divisions into the temperature
difference between the upper and lower scale divisions. This will give you the amount each scale division is
worth. Count up from the lower scale division and read the correct temperature. If the column is in the middle
of two divisions, the reading will be half a scale division above the lower reading.
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Step 3

Liquids in containers such as measuring cylinders often have a curved surface at the top edge. The curve is
called a meniscus. The edges of the meniscus may curve up or down. Locate the middle flat section of the
meniscus and position your eye so it is level with it.

Step 4
Using the procedure in Step 2, read the volume of the middle flat section of the meniscus.

Resources

eWorkbook SkillBuilder — Measuring and reading scales (ewbk-4153)

Interactivity Measuring and reading scales (int-0201)

1.8.3 Let me do it

Complete the following activities to practise this skill.

1.8 ACTIVITIES

1. I The diagram shows a portion of a thermometer measuring a temperature in degrees Celsius. Answer the
questions that follow.

a. i. Write the value of the lower scale marker.

ii. Write the value of the higher scale marker.

iii. Calculate the value of each scale division.

iv. What is the reading of the red column of the thermometer?

2. Human body temperature is normally 37

°C. If a person is said to be running a
temperature, they may be suffering an
illness. The thermometer below shows
the temperature of a patient. Write the
temperature that is shown.
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3. The diagram that follows represents a section of an alcohol thermometer. Colour in the centre strip to show a
temperature of 14 °C.

N
o

—
o

4. a. [[IlA The photo below shows a measuring cylinder containing some water. Read the scale to determine the
volume of water in the measuring cylinder. Select which of the available options is the correct reading.

A.19.5 mL B.20.5 mL C.21.0mL D.22.0 mL
b. Give an explanation of how you reached your answer.
Checklist
| have:

positioned my eye parallel with the top of the column or the meniscus of the liquid that is to be measured
noted the lower scale reading below the column or meniscus

noted the upper scale reading above the column or meniscus

calculated the scale divisions between the upper and lower scale divisions and used this to count up from

the lower division to take the column reading.
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SkillBuilder — Drawing a line graph

1.9.1 Tell me
What is a line graph?

A line graph displays information as a series of points on a graph that are joined to form a line. Line graphs are
very useful to show change over time. They can show a single set of data, or they can show multiple sets, which
enables us to compare similarities and differences between two sets of data at a glance.

How are line graphs useful?

Line graphs are very useful to show change over time. They can show a single set of data, or they can show
multiple sets based on a common theme such as water use in the Murray—Darling Basin compared to water use
in South Australia (see figure 1). This enables us to compare similarities and differences between two sets of
data at a glance.

A good line graph has:
e been drawn in pencil
e an appropriate scale to show the data clearly
e labelled axes
¢ small dots joined by a line to make a smooth curve
¢ alegend, if necessary
¢ a clear and accurate title that explains the purpose of the graph
e the source of the data.

FIGURE 1 Water use in the Murray-Darling Basin

Water use in the Murray-Darling Basin, 1950-2000 <——— Title
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Source: © Department of Environment, Water and Natural Resources,
South Australia Government <«—— Source
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What is the application of line graphs in science?

Line graphs are very useful in science to show change over time for continuous data such as the increase in
temperature when heating water with a Bunsen burner. Line graphs can show a single or multiple sets of data,
which allows comparison and trends in data to be observed.

1.9.2 Show me

How to complete a line graph
Materials
e data

e graph paper
e a pencil
e aruler

Model

TABLE 1 Use of rainwater tanks by household, 2001-2010

2001 16
2004 17
2007 19
2010 26

Source: © Australian Bureau of Statistics

Method
Step 1
Select the data you wish to compare or interpret (table 1).

Draw a horizontal and vertical axis using a ruler.

Evenly space and then label the years along the horizontal axis. Look carefully at your range of data and work
out appropriate increments for the vertical axis, then evenly space and label this information on the axis. Start at
zero where the axes join. For the table 1 data, an increment of 5 percentage points would be appropriate.

Step 2
Label the X and Y axes. In this case, the X axis would be labelled ‘Year’, and the Y axis would be labelled
‘Percentage’.

Plot the statistics. Draw a dot at the point where the year on the horizontal axis meets the relevant position on the
vertical axis. Once you have plotted all the statistics, join the dots. This can be done freehand or using a ruler.

Step 3
Add a title and a source to the graph.
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FIGURE 2 Use of rainwater tanks by household, 2001-2010

Use of rainwater tanks by household, 2001-2010
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Source: © Australian Bureau of Statistics

Resources

eWorkbook SkillBuilder — Drawing a line graph (ewbk-4638)
Interactivity Skillbuilder: Drawing a line graph (int-3131)

1.9.3 Let me do it

Complete the following activities to practise this skill.

1.9.3 1.9 ACTIVITIES

1. Use the data in table 2 to create a line graph. Use the checklist to ensure you cover all aspects of the task.

TABLE 2 Daily residential water consumption for South Australia

Year | Daily residential water consumption (litres)

2001 539
2002 502
2003 532
2004 460
2005 465
2006 440
2007 413
2008 410
2009 395

Source: SA Water, Annual Reports

2. Based on what you have learned in this SkillBuilder and referring to your graph, apply your skills to answer the
following questions.
a. In which year is water consumption lowest?
b. Describe the pattern shown by the graph.
c. What reasons might explain the changes from 2001 to 2009?
d. When water restrictions were lifted in 2011, predict what happened to water consumption.
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e. If the government made every household adopt water saving measures in 2022, what might happen to
water consumption?

f. Find statistics for water consumption for your area and compare these to another area.

g. Explain how useful the graph was in helping you understand the changes that occurred to water
consumption in South Australia compared to reading a table of figures.

Checklist

| have:

labelled the axes

® provided a clear title and source
plotted the data accurately

® joined the points with a smooth line.
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SkillBuilder — Creating a simple column or bar graph

1.10.1 Tell me

What are column or bar graphs?

Column graphs show information or data in columns. In a bar graph the bars are drawn horizontally and in
column graphs they are drawn vertically. They can be hand drawn or constructed using computer spreadsheets.

How are column graphs useful?

Column graphs are useful for comparing quantities. They can help us understand and visualise data, see patterns
and gain information. For example, we can use them to help understand rainfall patterns in different months
(see figure 1).

FIGURE 1 Rainfall at Darwin Airport
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Source: © Bureau of Meteorology

A good column graph has:
e ruled axes
e labelled axes
e a space between each column
e atitle
¢ the source of information.

What is the application of column or bar graphs in science?

Column or bar graphs are useful to compare or investigate one or more numerical variables across different
categories. There are different types of column or bar graphs including individual, clustered and stacked.
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1.10.2 Show me

How to complete a column graph
Materials

a table of data (table 1)
e graph paper

e a pencil

e aruler.

Model

FIGURE 2 A labelled column graph

Includes a title
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Source: Bureau of Meteorology

Includes the source of information

Labelled axes

Method

Step 1

Examine the data. Decide on the scale to use for your vertical axis. For this example the vertical axis should start
at zero and increase at intervals to suit the data. As the highest rainfall for any month for Cardwell is 465.9 mm,
intervals of 50 would be suitable. For this exercise you could use 1 cm to represent S0 mm of rainfall. Draw your
vertical axis according to the scale you have devised.
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TABLE 1 Mean monthly rainfall for the years 1871 to 2016, Cardwell, Queensland

Statistics

Mean 438.5 | 465.9 | 400 208.6 | 94.7 47 32.4 29.2 38.5 54.4 1152 | 193.5
rainfall

(mm) for

years 1871

to 2016

Source: © Bureau of Meteorology

Step 2

Decide on the width and spacing of the columns and draw your horizontal axis to fit. Ensure that each column is
the same width.

Step 3
For each column, mark the meeting point of the two pieces of information with a dot, then use your ruler to
neatly complete the column. Shade it in using colour.

Step 4
Label the vertical and horizontal axes and give the graph a title. Include a key if necessary.

Step 5
Provide the source beneath your graph, to enable the reader to locate the source data if they wish.

FIGURE 3 Mean monthly rainfall for the years 1871 to 2016, Cardwell, Queensland
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Resources

eWorkbook SkillBuilder — Creating a simple column or bar graph (ewbk-4636)
Interactivity Skillbuilder: Creating a simple column graph (int-3135)

1.10.3 Let me do it

Complete the following activities to practise this skill.

1.10 ACTIVITIES

1. Using the data in table 2, construct your own graph of average monthly rainfall for Innisfail, Queensland.

TABLE 2 Mean rainfall (mm) for the years 1881 to 2016, Innisfail, Queensland

 Statistics | Jan. [Feb. [Mar. [Apr. |May |Jun.|Jul | Aug. |Sep. Oct [Nov. |Dec.

Mean 507.3 | 590.1 | 662.2 | 456.3 | 302.2 137.6 |116.9 | 86.1 157.9 | 262.6
rainfall
(mm) for
years
1881 to
2016

2. Once you have constructed your graph, apply the skills you have learned in this SkillBuilder to answer the
following questions.
a. Which month has the most rainfall?
b. Which month is the driest?
c. Imagine you are a filmmaker, planning to film on location in Innisfail for three months. As rain would cause
problems for your filming schedule, which months would be best for your requirements?

Checklist
| have:
® ruled axes
® |abelled axes
® aspace between each column
® included a title
¢ included the source of information.
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2 Control and coordination

CONTENT DESCRIPTION

Compare the role of body systems in regulating and coordinating the body’s response to a
stimulus, and describe the operation of a negative feedback mechanism (AC9S9UO01)

Source: F-10 Australian Curriculum 9.0 (2024-2029) extracts © Australian Curriculum, Assessment and
Reporting Authority; reproduced by permission.

LESSON SEQUENCE

2.1 Overview

2.2 Sense organs

2.3 Homeostasis

2.4 The nervous system

2.5 The endocrine system ...

2.6 Malfunctions of the nervous system
2.7 Review

SCIENCE INQUIRY AND INVESTIGATIONS

Science inquiry is a central component of the Science curriculum. Investigations, supported by
a Practical investigation eLogbook and teacher-led videos, are included in this topic to provide

opportunities to build Science inquiry skills through undertaking investigations and
communicating findings.




LESSON
2.1 Overview

Hey students! Bring these pages to life online

Watch Engage with
videos interactivities

Find all this and MORE in jacPLUS (C)

Answer questions
and check results

2.1.1 Introduction

You are a multicellular organism made up of a
number of body systems that work together to keep
you alive. Your body systems are made up of organs,
which are made up of tissues, which are made up

of particular types of cells. Your cells communicate
with each other using electrical impulses in nerves
and chemicals such as neurotransmitters and
hormones. The coordination of this communication
is essential so that the requirements of your cells are
met and a stable internal environment is maintained.

Figure 2.1 shows a scanning electron micrograph of
the tongue surface, showing the papillae that give
the tongue its texture. The papillae also contain the
tastebuds, and are part of the sensory system that
sends information to the brain.

Resources

Video eLesson Neurons in the brain (eles-2631)

Watch this short animation demonstrating the interconnectedness between the

neurons in the brain.

FIGURE 2.1 A scanning electron micrograph image of
a human tongue

2.1.2 Think about control and coordination

Which hormones regulate blood glucose levels?

S S

How fast can a body react to threatening situations?
Can your reactions be consciously controlled in all situations?
Which body systems are used for a fight-or-flight response?

What'’s the link between hormones and the menstrual cycle?
Which senses allow our body to detect changes to our environment?
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2.1.3 Science inquiry

Speedy reactions?

When you first see danger, you detect it using receptors in your eyes. This message is then sent to your nervous
system, which will tell your body what to do. Figure 2.2 shows potential dangers. In these situations your
endocrine system may also react by producing hormones such as adrenaline to trigger your body to ‘get up

and go’. Hopefully this all happens fast enough to avoid anyone getting hurt! The time it takes to respond to a
detected event (a stimulus) is known as the response time.

FIGURE 2.2 Dangers in everyday life are often detected using receptors in your eyes.

Answer the following questions, considering reaction time and different responses.

1.

Read each of the following scenarios and responses and then order them

from fastest to slowest response time. FIGURE 2.3 What would be the
a. Scenario: A mobile has lost a piece and is hanging crooked. When afly ~ response time to solve this
lands on the mobile, it becomes balanced again. Given the masses in puzzle?

figure 2.3, what is the mass of the fly?
Response: Solving the puzzle

b. Scenario: Ouch! You step on a sharp object.
Response: You lift your foot quickly.

c. Scenario: You have been in three classes before lunch. You had very
little breakfast and you feel that you have no energy. Your friend Janine,
who knows everything, tells you that you have low blood sugar and
must eat your lunch so that your blood sugar level can get back to
normal. The bell rings, and you rush to the canteen to get lunch.
Response: Getting your blood sugar back to normal

Consider the different ways you respond to your environment. Suggest

reasons for the different types of responses and how your body

processes the information to bring about the response.

Propose another scenario and predict what your body’s response would 20g

be. Suggest why and how it would respond in this way.

Find out how seeing danger quickly approaching can result in a change of behaviour (such as running faster,

stopping or screaming). Outline the involvement of both nerves and hormones.

An investigation is being conducted to determine reaction time to press a button when it glows red.

. Write a suitable aim for this investigation.

. Suggest a question or hypothesis for the scenario that you could investigate.

. Describe one piece of qualitative data and one piece of quantitative data that may be collected.

. What dependent and independent variables could there be?

. Explain two factors that may lead to differences in results between different students.
Write a clear methodology for this investigation, with an explanation of how you collect results and how you
will control variables.

S0 Q0T
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Resources

eWorkbooks Topic 2 eWorkbook (ewbk-12238)
Student learning matrix (ewbk-12239)
Starter activity (ewbk-12240)

Solutions Topic 2 Solutions (sol-1136)

Practical investigation eLogbook Topic 2 Practical investigation eLogbook (elog-2239)

Weblink Reaction time test

LESSON
2.2 Sense organs

LEARNING INTENTION

At the end of this lesson you will be able to describe the links and differences between the senses and different
types of receptors in the human body.

2.2.1 Your senses

Your survival can depend on detecting changes in your environment.

Imagine not being about to see, hear, feel or sense the world outside your body. No sound, no colour, no taste or
smell — just darkness and silence. Without senses, you might not even be able to sense that!

Sense organs are used to detect stimuli (such as light, sound, touch, taste and smell) o
sense organ a specialised structure

in your environment. Examples of human sense organs are your eyes, ears, skin, that detects stimuli such as light,

tongue and nose. These sense organs contain special cells called receptors. These sound, touch, taste and smell) in

receptors are named according to the type of stimuli that they respond to (as shown in your environment

table 2.1). receptors chemical structures that
receives and converts signals in the
body

TABLE 2.1 Examples of different types of receptors

Sight Light Rods and cones in the retina Photoreceptor

Hearing Ear Sound Hairs in the cochlea Mechanoreceptor

Touch Skin Heat, cold, pressure, Separate receptors for each Thermoreceptor
movement type of stimulus Mechanoreceptor

Taste Tongue Chemical substances: sweet, Tastebuds Chemoreceptors
salty, bitter and sour

Smell Nose Chemicals: odours Olfactory nerves inside Chemoreceptors

the nose
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Five receptors

1. Thermoreceptors enable you to detect variations in
temperature and are located in your skin, body
core and part of your brain, called the hypothalamus.

2. Mechanoreceptors are sensitive to touch, pressure, sound,
motion and muscle movement and are located
in your skin, skeletal muscles and inner ear.

3. Chemoreceptors are sensitive to particular chemicals and
are located in your nose and tastebuds (see figure 2.4).

4. Photoreceptors are sensitive to light and are located only in
your eyes.

5. Pain receptors enable you to respond to chemicals released
by damaged cells. Detection of pain is important because
it generally indicates danger, injury or disease.
Although these receptors are located throughout your
body, they are not found in your brain.

Each type of receptor is a different shape as they are specialised
to respond to a different stimulus as listed in table 2.1.

2.2.2 Touch receptors

FIGURE 2.4 Transmission electron
microscope (TEM) image of a
chemoreceptor

Your skin contains different types of receptors (figure 2.5). Pain receptors and mechanoreceptors enable you to
detect whether objects are sharp and potentially dangerous. There are also hot thermoreceptors that detect an
increase in skin temperature above the normal body temperature (37.5 °C) and cold thermoreceptors that detect
a decrease below 35.8 °C. These thermoreceptors can also protect you from burning or damaging your skin. The
sensitivity of these receptors can depend on how close together they are and their location in your skin.

FIGURE 2.5 Your skin contains a variety of receptors that provide you with a sense

of touch.

Sebaceous

Layer of dead skin
Pore

Epidermis

thermoreceptors special cells
located in your skin, part of your
brain and body core that are
sensitive to temperature
mechanoreceptors special cells
within the skin, inner ear and
skeletal muscles that are sensitive
to touch, pressure and motion

chemoreceptors special cells
within a sense organ that are
sensitive to particular chemicals
photoreceptor a special cell
located in your eye that is
stimulated by light

pain receptors special cells
located throughout the body
(except the brain) that send nerve
signals to the brain and spinal
cord in the presence of damaged
or potentially damaged cells
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INVESTIGATION 2.1

Touch receptors in your skin

elog-2241

Aim
To detect where the skin is most sensitive to light contact

Materials

e 2 toothpicks

® ruler

® 2 rubber bands
® blindfold

Method

1. Use rubber bands to attach two toothpicks to a ruler so that they are
2 cm apart.

2. Predict in which areas of the body the skin will be most sensitive and least
sensitive.

3. Blindfold your partner. Gently touch your partner’s inside forearm with the
points of the two toothpicks. Ask your partner whether two points were felt.

4. Move one toothpick towards the other in small steps until your partner is
unable to feel both points. To make sure that there is no guesswork, use just
one point from time to time.

5. Record the distance between the toothpicks when your partner can feel only
one point when there are really two points in contact.

6. Repeat this procedure on the palm of one hand, a calf (back of lower leg), a
finger and the back of the neck.

7. Swap roles with your partner and repeat the experiment.

Results
Record your observations in the table.

TABLE Observations for the distance between two points on different parts of the skin

Distance (cm) between two points when only one point is felt

Part of the skin

Inside forearm

Palm of hand
Calf
Finger

Back of neck

Discussion

Which touch receptors were being used in this experiment?

Construct a graph to represent your data and comment on observed patterns.

Which area of the skin was (a) most sensitive and (b) least sensitive?

Suggest why the skin is not equally sensitive all over the body.

Which parts of the skin are likely to have the most contact receptors?

Discuss how your predictions compared to your experimental results.

Suggest improvements to this investigation and further experiments to investigate contact receptors.

SNCROIN SR CORIORCS

Conclusion
Summarise the findings for this investigation about touch receptors.
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2.2.3 Smell receptors

Imagine the sweet scent of a rose or the stink of rubbish. Gaseous molecules from the air are breathed in through
your nose. When dissolved in the mucus of your nasal cavity, the hair-like cilia of your nasal chemoreceptors are
stimulated to send a message via your olfactory nerve to your brain to interpret it, giving you the sensation of
smell (figure 2.6).

FIGURE 2.6 A flow chart of how we FIGURE 2.7 Chemoreceptors in your nose enable you to
process smell have a sense of smell.
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2.2.4 Sight receptors

Images we see are formed when energy of light waves enters our eyes and is

transmitted to the retina at the back of the eye. When you look at your eye in the olfactory nerve nerve that sends
. i . signals to the brain from the
mirror you will see- chemoreceptors in the nose

e the iris, the coloured part of your eye, which is a ring of muscle iris coloured part of the eye that

. . .. opens and closes the pupil to
e the pupil, the dark spot in the centre of your eye. Your pupil is simply a hole control the amount of light that

in the iris. enters the eye

pupil a hole through which light
enters the eye
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The iris controls the amount of light entering

the eye. When the iris relaxes, the pupil appears
bigger, letting more light into the eye; and when it
contracts, the pupil looks smaller, letting less light
into the eye. In a dark room, your pupil is large so
that as much light as possible can enter your eye. If
you were to move outside into bright light, your
pupil would become smaller. This reflex action
helps to protect your eyes from being damaged from
too much light.

Structure of the eye

The cornea is the clear outer ‘skin’ of your eye. It is
curved so that the light approaching your eye is bent

towards the pupil. The clear, jelly-like lens bends or = =

focuses light onto a thin sheet of tissue that lines the
inside of the back of your eye called the retina. The
lens is connected to muscles, which can make it thick
or thin. This allows your retina to receive a sharp
image of distant or nearby objects. Your retina contains
photoreceptor cells called cones and rods. The rod
cells detect light intensity and the cone cells
respond specifically to colour (figure 2.9).

.

FIGURE 2.10 There are a number of structures within your eyes that function

ewbk-12243 together so that you can detect and respond to light.

eles-2635 Retina

Light from a
distant object

Lens

70 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition

Optic
nerve

":l'li*

B A

FIGURE 2.8 The iris and the pupil in the eye

Pupil (black hole)

Iris (coloured part)

FIGURE 2.9 A view of the cones and rods in your eye

r——

cornea the curved, clear outer
covering of your eye

lens a transparent curved object
that bends light towards or away
from a point called the focus

retina curved surface at the back of
the eye

cones photoreceptors located in the
retina that respond to red, green or
blue light

rods photoreceptors located in the
retina that respond to low levels of
light and allow you to see in black
and white in dim light



Although your eye receives light and produces an image of what you see, it is your )

brain that int t d K fthe i The phot t in th ti optic nerve large nerve that
rain that in erprets and makes sense of the image. The photoreceptors in the retina sends signals to the brain from

respond to the light stimuli by sending signals to your optic nerve, which then the sight receptors in the retina

forwards them to your brain for interpretation. The process is outlined in figure 2.11.

FIGURE 2.11 Flow chart of how cells and nerves work together to allow us to see
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Resources

Weblink The human eye

ACTIVITY: Blind spot

There is a certain point in your vision where there is a blind spot or, in other words, where you cannot see, as this
is the spot in the retina where the optic nerve connects.

To test where your blind spot is, cut out an 8 cm x 13 cm piece of card and mark it with a cross and circle in

black as shown.
’x‘- . 8 cm

13 cm

Then hold the card at your eye level at an arm’s length away, with the cross on the left and the circle on the right
(you should be able to see both images). Close your right eye and focus your left eye at a point in front of you.
Without moving your head, slowly move your arm holding the card to the left and note down where the circle
disappears and reappears. This can be measured. Then try this with your left eye closed and your arm moving to
the right. Is there a difference in where the cross disappears and reappears in each eye?
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INVESTIGATION 2.2

elog-2242

Dissection of a mammal’s eye
tivd-10798

Aim

To investigate the structure of an eye

CAUTION

Handle dissecting instruments with care and ensure they are placed in a sterilising solution after use. Wear safety
glasses and disposable gloves throughout the dissection and wash your hands thoroughly at the end.

Materials
® bull’s eye or similar ® paper towelling * safety glasses * water
e dissection board e scalpel or razor * forceps ® disposable gloves
® newspaper blade ® stereo microscope

Method

1. Put on safety glasses just in case any of the aqueous or vitreous humour squirts out at you. Aqueous and
vitreous humour are jelly-like liquids that give eyes their shape.

2. Carefully place the bull’s eye on a dissection board covered with newspaper and paper towelling. Place bull’s
eye on dissection board covered with newspaper. Locate the transparent skin of the cornea.
Draw and label the structures of the bull’s eye before and after your dissection. (Use the diagrams provided
to help you to label your drawing.)

Eyeballis ——— 0\

protected by a tough
protective layer (sclera).

3. Locate the optic nerve. It is a hard, white, solid tube at the back of the eye. You may have to remove

some fat to see it. Add descriptive comments to your labels as you make your observations throughout
this activity.

Optic nerve
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4. Look at the coloured part of the eye (iris) and the black part in the centre (pupil).
Iris
Pupil
5. Cut a small window in the eyeball. Be careful that the vitreous humour does not run out. Starting from this
window, cut forward and around the iris. Record your observations regarding the toughness of the
sclerotic coating.
Window
Cutting lines
6. From this window, cut towards and then all the way around the iris so that you have cut the eye into
two parts.
7. Lift off the top part of the eye and examine the iris.
8. Remove the lens with forceps and see if you can read the print on the newspaper through it.
9. Use water to rinse out the jelly-like material (humour) from inside the eye and examine the retina. Record your
observations.
10. Follow your teacher’s instructions regarding the cleaning of equipment and disposal of the dissected eye.
Results
1. Draw labelled diagrams of the eye before and after the dissection.
2. What is the black part in the middle of the iris? What is its function?
3. What did you observe when you looked at the newspaper through the lens?
4. What did the retina look like? Could you find the optic nerve?

Discussion

1a
2.
3.

What does the diaphragm in a microscope do?
Which part of the eye does the diaphragm in a monocular microscope most resemble?
Summarise your findings in a table.

Conclusion

Summarise the findings for this investigation about the structure of the eye.
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ACTIVITY: In the dark

Investigate the effect of light intensity on the iris of a human eye.

® Cup your hands loosely over both eyes so that you cannot see anything but your hands. Keep your eyes

open. Look at the insides of your hands.
* After about one minute, have your partner look carefully at your pupils.

1. What happens to the iris as your hands are removed?
2. Explain your observations.

2.2.5 Hearing receptors

The ear is your sense organ that detects sound. The steps
involved in the detection of sound and the process
of hearing:

1. Sound travels by waves, which are vibrations in the air.

2. When the air inside your ear canal vibrates, it causes
your eardrum to vibrate at the same rate.

3. Three tiny bones known as ossicles in your middle ear
receive this vibration from your eardrum and then pass
it to your inner ear.

4. Inside your inner ear, thousands of tiny hairs attached
to nerve cells of the snail-shaped cochlea detect the
vibration and send a message to your brain via your
auditory nerve.

5. Your brain interprets the message as hearing sounds.

FIGURE 2.13 Your ear contains specialised structures that help you to detect
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FIGURE 2.12 An electron micrograph of hair cells
in the cochlea

ear canal the tube that leads from
the outside of the ear to the eardrum
eardrum a thin piece of stretched
skin inside the ear that vibrates
when sound waves reach it

ossicles a set of three tiny bones
that send vibrations from the
eardrum to the inner ear

middle ear the section of the ear
between your eardrum and the inner
ear, containing the ossicles

cochlea the snail-shaped part of
the inner ear in which receptors

are stimulated

auditory nerve a large nerve that
sends signals to the brain from the
hearing receptors in the cochlea



FIGURE 2.14 Flow chart of the steps that allow us to hear

Ear Sound
detected

Middle
ear

Quter

Auditory
nerve

Sound .
. . Ossicles
vibration

SCIENCE AS A HUMAN ENDEAVOUR: Cochlear implant — the ‘bionic ear’

In the 1960s Australian surgeon and medical researcher Professor Graeme Clark from the University of
Melbourne led the team that developed and implanted the first multi-channel cochlear implant, also known

as the bionic ear. The first cochlear implant was implanted into a patient at the Royal Eye and Ear Hospital in
Melbourne in 1978. Since then, Professor Clark’s work has changed the lives of hundreds of thousands of people
around the world, giving them the ability to hear and communicate with others.

A cochlear implant is an electronic device that is fitted to the head and sends signals to the nerves that allow

us to hear (see figure 2.16a). It consists of two main parts: the receiver, which is placed under the skin near

the ear, and the headpiece, which is worn on the outside of the head. The headpiece contains the transmitter,
microphone and speech processor (figure 2.16b). A cochlear implant works differently to a hearing aid. Hearing
aids amplify sound so that a damaged ear can detect them, whereas cochlear implants bypass damaged areas of
the ear to directly stimulate the auditory nerve.

FIGURE 2.15 Professor FIGURE 2.16 a. Individual fitted with a
Graeme Clark cochlear implant
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2.2.6 Taste receptors

The tongue is your sense organ for taste. Tastebuds located within bumps called

. o .. tastebuds nerve endings located
papilla across your tongue have the ability to sense all flavours. This is because g

in your tongue allowing you to

each of these tastebuds (see figure 2.17) contains cells with receptors for each experience taste
type of flavour. Taste can be classified into five categories: sweet, salty, sour, bitter papilla bumps on your tongue that
and umami. are thought to contain tastebuds

You may be familiar with the idea that different areas of the tongue are responsible
for different tastes as seen in figure 2.18. This has been proven to be incorrect as all taste sensations come from
all regions of the tongue, although different parts of the tongue are more sensitive to different tastes.

FIGURE 2.17 Tastebuds contain chemoreceptors FIGURE 2.18 The idea that different
(as shown here), which are sensitive to parts of the tongue are responsible for
particular chemicals. different tastes has been proven wrong.

. Resources

/. eWorkbook Skin (ewbk-12245)

ACTIVITY: Umami

Historically, we have classified taste into four main types: sweet, salty, bitter and sour. Recent findings suggest
a fifth basic taste, known as umami. Find out what umami is and create a poster outlining the five basic tastes,
including common foods in each category.
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2.2 Activities learn

2.2 Quick quiz 2.2 Exercise L These questions are 4
?
even better in jacPLUS!

¢ Receive immediate feedback
e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

e
0 &y
|

Select your pathway

Remember and understand

1. State the purpose of the sense organs.
2. Complete the following table.

TABLE Sense organs, stimuli and types of receptors

Sense organs Stimuli Types of receptors
Photoreceptor
Ear
Smell
Tongue
Touch

3. Match each location to the type of receptor.

Location Receptor
a. Tastebuds in mouth A. Photoreceptor
b. Hot and cold receptors in skin B. Mechanoreceptor
c. Rods and cones in the retina C. Thermoreceptor
d. Hairs in the cochlea of ear D. Chemoreceptor
4. Identify the location and function of the:
a. optic nerve b. olfactory nerve.
5. ldentify the type of receptor that would respond to the following stimuli:
a. light b. sound c. chemicals d. temperature.
Apply and analyse
6. Describe the difference, relationship and function between:
a. the pupil and iris in the eye b. rods and cones in the eye.
7. In which part of the human body is an observed image:
a. formed b. interpreted?

8. If cats have rods, but no cones, what does that mean in terms of how they see the world?
Evaluate and create

9. m Describe the new model that is used to explain the involvement of our tongues in the sensation of taste.
How is this different to the previous model?
10. Construct a flow chart or mind map that shows structures involved in:
a. smell b. vision c. sound.
11. Suggest why:
a. the thickest part of your skin is on the soles of your feet
b. some parts of your skin, such as the back of your hand, are more sensitive to heat than others.
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12. How do movement receptors receive a sensation of movement when they are well below the surface of

the skin?

13. m Olfactory receptor cells are important in our ability to smell things. A human has about 40 million,
whereas a rabbit has 100 million and a dog has 1 billion! What effect might this difference have on the

chances of survival for these animals?

Fully worked solutions and sample responses are available in your digital formats.

LESSON
2.3 Homeostasis

LEARNING INTENTION

At the end of this lesson you will be able to recall the five key features of a stimulus-response model, define

homeostasis and explain the difference between negative and positive feedback mechanisms.

2.3.1 Stimulus-response model

You are a multicellular organism made up of many cells that need to be able to
communicate with each other. They need to be able to let other cells know when they
need help and support, when they need more of something or when they need to get
rid of something.

All of your systems need to work together so that a comfortable stable

environment for your cells is maintained. The nervous system (including nerves and
neurotransmitters) and the endocrine system (including glands and hormones) are
vital in helping your systems work together.

Homeostasis

The internal environment in which your cells live needs to be kept constant.
Temperature, pH and concentrations of ions, glucose, water and carbon dioxide need
to be within a particular range. Maintenance of this constant internal environment is
called homeostasis.

To be able to achieve homeostasis, any changes or variations (stimuli) in the internal
environment need to be detected (by receptors). If a response is required, this needs to
be communicated to effectors to bring about some type of change or correction so the
conditions can be brought back to normal. This is described as a stimulus-response
model. The stimulus—response model (figure 2.19) involves two major functioning
systems in the body: the nervous system and the endocrine system.

FIGURE 2.19 The stimulus-response model

Control
Receptor
centre
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multicellular organism a living
thing that is composed of many
cells

neurotransmitters signalling
molecules released from the axon
terminals into the synapse between
nerve cells (neurons)

hormone a signalling molecule that
is produced in specialised cells and
travels in blood to act on target cells
to cause a specific response
homeostasis the maintenance

by an organism of a constant
internal environment (for example,
blood glucose level, pH, body
temperature)

effectors organs that respond to a
stimuli to initiate a response
stimulus-response model a
system in which a change (stimulus)
is detected by receptors leading to
a response, which acts to alter and
return the variance to normal



Stimuli

There are various stimuli that your body needs to detect and, if necessary, respond to. Some of these stimuli may be
outside of your body, such as environmental temperature or potentially dangerous (for example, hot or sharp) objects.
Other stimuli may be inside your body, such as changes in body temperature and blood sugar, pH or water levels.

Receptors

As discussed in lesson 2.2, receptors identify changes inside and outside your body. These special types of nerve
cells may be located in sense organs such as your eyes, ears, nose, tongue and skin (figure 2.20).

FIGURE 2.20 Examples of the receptors in the human body

Eye Nose
Photoreceptors in the retina of the eye detect light and send nerve Gas molecules dissolve in mucus
impulses along the optic nerve to your brain. in your nose, causing cilia in

chemoreceptors to generate nerve
impulses along the olfactory
nerve to your brain.

Ear
Mechanoreceptors in the

cochlea of your ear detect
vibrations and send impulses
along the auditory nerve to
the brain.

Tongue -
Chemoreceptors on your tongue
detect chemicals that are
interpreted as different tastes.

Skin
Thermoreceptors in skin detect heat and mechanoreceptors
detect vibration, pressure, touch and pain.

Control centre/modulator

Once a stimulus has been detected by a receptor, a message in the form of a nerve impulse travels to the central
nervous system (brain and spinal cord). It is here that the message is processed to determine which response will
be appropriate. A message is then sent to the appropriate effector.

Effectors

Effectors such as muscles or glands receive the message from the central nervous system to respond in a
particular way. Their response depends on the original stimulus. For example, if your hand is too close to a
candle flame, then muscles in your arm may respond to move your hand away from it. If your body temperature
increases too much, your sweat glands produce sweat to help cool you down.
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2.3.2 Feedback mechanisms

Stimulus-response models can also involve negative or positive feedback. Most biological feedback systems
involve negative feedback.

Negative feedback

Negative feedback occurs when the response is in an opposite direction to the stimulus. It is a homeostatic
mechanism that allows for the maintenance of variables within a set range. For example, if levels of a particular
chemical in the blood were too high, then the response would be to lower them. Likewise, if the levels were too
low, then they would be increased. The response is ‘fed back’ into the system, allowing for further adjustments
to be made if required. Negative feedback mechanisms have five main key stages, as shown in figure 2.21.
Examples of negative feedback mechanisms will be given in lessons 2.4 and 2.5.

FIGURE 2.21 Example of the negative feedback loop that happens when high blood glucose is detected.

Stimulus
Increase in blood
glucose levels

Chemoreceptors

Receptor

Control Effector
centre Pancreas

Negative
feedback

2.3.3 How messages are sent in the body

Response

Insulin released and triggers

glucose uptake from cells
and storage as glycogen

Decrease in blood

glucose levels

To work together effectively, these systems require coordination. The two systems with this responsibility are
the nervous system and the endocrine system. While both of these systems require signalling molecules to
communicate messages throughout the body, they have different ways of going about it. The nervous system
and endocrine system will be explored further in lessons 2.4 and 2.5. The nervous system uses a combination of
electrical and chemical signals. The endocrine system uses hormones.

TABLE 2.2 Comparison of messages sent through the endocrine and nervous

systems

Feature Endocrine system Nervous system
Speed of message Slow Fast

Speed of response Usually slow Immediate
Duration of response Long lasting Short

Spread of response Usually slow Very localised

How message travels
through body

In circulatory system —
in bloodstream

In nervous system — along
nerves and across synapses

Types of message

Hormones (chemicals)

Electrical impulse and
neurotransmitters (chemicals)

Resources

eWorkbook The stimulus-response model (ewbk-12249)
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negative feedback a homeostatic
mechanism that returns a stimulus
back within its normal range

nervous system the body system
in which messages are sent

as electrical impulses (along
neurons) and chemical signals
(neurotransmitters across synapses)

endocrine system the body system
composed of different glands

that secrete signalling molecules
(hormones) that travel in the

blood for internal communication
and regulation and to maintain
homeostasis



2.3 Activities learn

2.3 Quick quiz 2.3 Exercise L These questions are

Select your pathway

even better in jacPLUS!

¢ Receive immediate feedback
e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

Remember and understand

1.

»

Match each of the following terms to its definition.

a. Hormone A. Command system of the body: brain, spinal cord and nerves

b. Neurotransmitter B. The glands and organs that make hormones

c. Nervous system C. Chemical responsible for controlling and regulating the
activities of certain cells and organs

d. Endocrine system D. Chemical messenger released by neurons

I3 These detect or identify changes or variations on the inside or outside of your body.

A. Effectors B. Receptors C. Response D. Stimuli

I These bring about a response to changes or variations in the internal environment of your body.
A. Effectors B. Receptors C. Response D. Stimuli

Give an example of homeostasis in regard to the human body.

Define each of the following terms:

a. Stimulus-response model b. Control centre

c. Effector d. Receptor

Apply and analyse

6.

®

Identify each of the following as positive or negative feedback:

a. Blood glucose levels increase and insulin returns this back to normal levels.

b. During a fever, the body temperature continues to increase away from the set body temperature.

c. When your body temperature decreases, thyroxine acts to increase your metabolism and increase your
body temperature.

Fill in the blanks using the following terms: effectors, receptors, response, stimuli.

The stimulus-response model describes how , such as changes in the internal environment of
your body, are detected by , which may communicate the message to to bring about
some kind of so that conditions are brought back to normal.

Give an example of a negative feedback mechanism in the human body.
Distinguish between:

a. receptors and effectors

b. negative and positive feedback

c. the endocrine system and the nervous system.

Evaluate and create

10

11.

Fu

. Construct a flow chart to show the relationship between the following: effector, response, control centre,

stimulus, receptor.

[EE) Research the regulation and stimulus-response model when the human body temperature is too low or
too high and create a flow chart showing how the nervous and endocrine systems work to return the body
temperature to normal.

lly worked solutions and sample responses are available in your digital formats.
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LESSON
2.4 The nervous system

LEARNING INTENTION

At the end of this lesson you will be able to identify and explain the components of the nervous system, compare
the roles of the somatic and autonomic nervous systems and describe how messages are transmitted from a
stimulus to generate a response.

2.4.1 Components of the nervous system

Your nervous system is composed of the:
e central nervous system (CNS) — contains
brain and spinal cords
¢ peripheral nervous system (PNS) —
contains the nerves that connect the
central nervous system to the rest of the body.

FIGURE 2.22 The components of the nervous system

Messages are sent by:
* sensory neurons — take messages to the Central nervous system Peripheral nervous system
central nervous system
e motor neurons — take messages away from
the central nervous system.

Brain Spinal cord Nerves

The nervous system sends the message as an electrical impulse along a neuron and then as a chemical message
(neurotransmitters) across the gaps (synapses) between them. We will discuss this in detail later in this topic.

FIGURE 2.23 The human nervous system central nervous system the part of
the nervous system composed of

the brain and spinal cord

peripheral nervous system the part
of the nervous system containing
nerves that connect to the central
nervous system

sensory neurons a nerve cell in
the sensory organs that conducts a
nerve impulse from receptors to the
central nervous system

motor neuron a nerve cell that
conducts a nerve impulse from

the central nervous system to the
Peripheral effector, such as a muscle or gland
nervous so that it may respond to a stimulus
[ system
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2.4.2 The central nervous system

The central nervous system (CNS) is responsible for receiving and processing
information on changes to your environment. The CNS consists of the brain
and spinal cord.

The brain is the control centre of all of your body’s functions and is responsible for:

e intelligence

e creativity

e perceptions

e conscious reactions

e emotions and memories.

Your brain cells are organised into different areas within your brain. Although
they may have different functions, they communicate and work together to keep
you alive.

Components of the brain

e Your hindbrain is a continuation of your spinal cord. It develops into the
pons and cerebellum, and the medulla oblongata (medulla).

¢ Extending through your hindbrain and midbrain is a network of fibres called
the reticular formation — a network of neurons that opens and closes to
increase or decrease the amount of information that flows into and out of
the brain. The reticular formation helps regulate alertness (from being fully
awake or deeply asleep), motivation, movement and some of the body’s
reflexes (such as sneezing and coughing).

e The forebrain develops into the cerebrum, cerebral cortex (outer, deeply
folded surface of the cerebrum) and other structures such as the thalamus,
hypothalamus and hippocampus.

FIGURE 2.24 Components of the human brain

hindbrain a continuation of the
spinal cord

medulla oblongata (medulla)
a part of the brain developed
from the posterior portion of the
hindbrain

reticular formation a network
of neurons that controls the
amount of information that flows
into and out of the brain
forebrain consists of the
cerebrum, cerebral cortex,
thalamus and hypothalamus

cerebral cortex the outer, deeply
folded surface of the cerebrum
thalamus part of the brain
through which all sensory
information from the outside
(except smell) passes before
going to other parts of the brain
for further processing

hippocampus part of the brain
with a key role in consolidating
learning, comparing new
information with previous
experience, and converting
information from working memory
to long-term storage

brain stem the part of the
brain connected to the spinal
cord, responsible for breathing,
heartbeat and digestion

Forebrain

Reticular

) Cerebellum
formation

Cerebrum Thalamus Hypothalamus

Brain stem (medulla)

Pons Medulla

Not all actions in your body require conscious thought. These are called involuntary actions and you don’t need
to think about them for them to occur. Breathing, heartbeat, blood pressure, coughing, vomiting, sneezing and

salivating are all examples of involuntary actions controlled by your brain stem.

Your brain stem (or medulla) is located between your spinal cord and your cerebrum. If this vital structure is

damaged, death may result.
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FIGURE 2.25 The human brain
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Your cerebellum is located near the brain stem, underneath the cerebrum. Although it takes up only about 10 per
cent of your brain’s volume, the cerebellum contains over half of all of your brain’s neurons. Your cerebellum
has key roles in posture, coordination, balance and movement. Current research also suggests that it may also be
involved in memory, attention, spatial perception and language.

The word cerebellum means ‘little brain’ in Latin. There are two halves (or hemispheres), one for each side of
the brain. Each of these hemispheres consists of three lobes. There is a lobe that receives sensory input from
your ears to help you to maintain your balance. Another lobe gets messages from your spinal cord to let your
brain know what some other moving parts of your body are up to. There is even a lobe that communicates with
your cerebrum, the thinking part of your brain.

Cerebrum

The cerebrum is the largest part of the brain and makes up about 90 per cent of your

., . . . C . cerebellum the part of the brain
brain’s total volume. The cerebrum is responsible for higher-order thinking (such as P

that controls balance and muscle

problem solving and making decisions) and controls speech, conscious thought and action

voluntary actions (actions that you control by thinking about them). The cerebrum is cerebrum the largest part of

also involved in learning, remembering and personality. the brain responsible for higher
order thinking, controlling speech,

The cerebrum is made up of four primary areas called lobes. Each of these lobes is conscious thought and voluntary

. . . . actions
associated with particular functions.
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Your cerebrum is divided into two cerebral hemispheres — the right cerebral S
hemisphere (mainly responsible for the left side of your body) and the left and right halves of the brain
cerebral hemisphere (mainly responsible for the right side of your body). While corpus callosum a bridge of
each hemisphere is specialised to handle different tasks, they work together as an nerve fibres through which
integrated whole, communicating with each other through a linking bridge of Wi e GAs El e S
nerve fibres called the corpus callosum. communicate

INVESTIGATION 2.3

elog-2245
Dissection of a mammal’s brain

Aim
To investigate the structure of the brain

CAUTION

Handle dissecting instruments with care and ensure they are placed in a sterilising solution after use. Wear
safety glasses and disposable gloves throughout the dissection and wash your hands thoroughly at the end.

Materials

a semi-frozen sheep’s brain

dissecting board

dissecting instruments (scalpel, forceps, scissors)
plastic ruler

paper towel

disposable gloves

Method

1. Place the brain so that the cerebral hemispheres are at the top of the board and the brain stem is at

the bottom.

Identify the external features of the brain: the cerebral hemispheres, cerebellum and brain stem.

. Use your forceps and try to lift the meninges (membranes protecting the brain). You may be able to observe
the cerebral fluid between these membranes and the hemispheres.

. Carefully observe the overall appearance of each structure and, using a plastic ruler, measure its size (length,

width and height). Include this information in a table in the results section.

Draw a diagram of the sheep’s brain, labelling the external features.

. Using your scalpel, cut the brain in half between the right and left hemispheres, and separate the
two cerebral hemispheres.

@ N

D

o o

7. Draw a cross-section of the brain. Be sure to label it!
8. Now make a second cut down through the back of one of the hemispheres to see inside the cerebellum and
brain stem. N
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Results
1. Construct a table with the headings shown below and record your observations from the dissection.

TABLE Observations of different brain structures

| Brain structwre | Golowr | Texture | Otherfeatures | Size
Cerebrum
Cerebellum
Brain stem

2. Sketch the sheep’s brain, labelling the external features. On your diagram, identify and label the part of the
brain that controls the sheep’s:
a. heart rate
b. balance required for walking
c. ability to locate its lamb.
3. Sketch a cross-section of the sheep’s brain.

Discussion

1. a. Which structures contained the grey and white matter?
b. Find out why these structures are different colours.

2. Which part of the sheep’s brain is the biggest? Is this the same pattern in human brains?

3. The brain is usually protected by a bony skull. It is also covered with three layers of connective tissue called
meninges and surrounded by cerebral fluid. Suggest how the meninges and cerebral fluid help protect
the brain.

4. |dentify strengths and limitations of your investigation of the brain and suggest improvements.

Conclusion
Summarise your findings for this investigation about the structures in the brain.

Resources

eWorkbook The brain (ewbk-12255)
Weblink Neuroscience

2.4.3 The peripheral nervous system

The peripheral nervous system (PNS) consists of all the nerves located outside the central nervous system. The
PNS is divided into two parts, the somatic nervous system and the autonomic nervous system.

The somatic nervous system

The somatic nervous system controls our voluntary actions via the skeletal muscles. This includes movement
such as picking up an object or walking. It is composed of the sensory and motor neurons. The sensory neurons
detect changes to our environment and send these messages to the CNS. Motor neurons relay messages from the
CNS to the effectors, such as muscles or glands.

The autonomic nervous system

The autonomic nervous system controls are involuntary actions that control the .
somatic nervous system part of

functioning of our internal organs and functioning systems, including the heart and the PNS that controls voluntary
circulatory system. The autonomic nervous system can be further divided into the movement, such as walking
sympathetic and parasympathetic nervous systems. The sympathetic and autonomic nervous system part
parasympathetic nervous systems have opposite effects on the body; an example is i P i eamilels Dl sy,

. . . . movement, such as breathing or
the sympathetic nervous system increasing heart rate and the parasympathetic nervous heartbeat

system decreasing heart rate.
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The sympathetic nervous system is responsible for our ‘flight or fight’ response (further discussed in
section 2.5.2). Together these systems maintain homeostasis in the body (figure 2.26).

FIGURE 2.26 The location of the central nervous system (CNS) and peripheral nervous system (PNS) and

comparison of the role of the sympathetic and parasympathetic nervous systems
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Whether you are catching a ball, breathing or stopping a fall, you need to be in control. You need to be able
to detect and respond in ways that ensure your survival. This requires control and coordination. Your nervous
system assists you in keeping in control, and coordinating other body systems so that they work together and

function effectively.

Your nervous system is composed of the central nervous system (brain and spinal
cord) and the peripheral nervous system (the nerves that connect the central
nervous system to the rest of the body). These systems are made up of nerve cells
called neurons. The axons of neurons are grouped together to form nerves.

Structure of a neuron

Neurons contain a nucleus and other cell organelles. They also contain a cytosol
and cell membrane, as do other cells. However, the various types of neurons are
all quite different. These differences mean that each particular neuron type is
suited to its specific communication role in the nervous system. These differences
are shown in table 2.3.

neuron another name for

nerve cell, a specialised cell for
transmitting a nerve impulse
nerve a bundle of neurons
nucleus roundish structure inside
a cell that acts as the control
centre for the cell

organelle small structure in a cell
with a special function

cytosol the fluid found

inside cells
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Neurons are made up of three main parts as seen in figure 2.27:

¢ a cell body — contains the nucleus of a neuron

e dendrites — highly sensitive branching extensions on the cell membrane of the cell body; these dendrites
possess numerous receptors that can receive messages from the other cells

e axon — a long structure of the neuron that carries the electrical message from the dendrite and the cell
body. This structure is often covered with a white insulating substance called myelin, which helps speed
up the conduction of the message through the neuron.

The way an electrical impulse travels through a neuron can be seen in figure 2.28.

FIGURE 2.27 The components of a neuron
ewbk-12256
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0670 FIGURE 2.28 An electrical impulse moves in only one direction through a neuron.
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Neuron

: Dendrite Cell body :

Electrical (nerve) impulse

cell body part of a neuron that

Types of neurons contains the nucleus

There are three types of neurons: dendrite structure that relays
* sensory neurons, which carry the impulse generated by the stimulus to the "}format'm towards the cell body
OT a neuron

central nervous system s
axon long structure within a neuron

* interneurons, which carry the impulse through the central nervous system through which the nervous impulse
e motor neurons, which take the impulse to effectors such as muscles or glands. travels from the dendrite and the
cell body

myelin a fatty, white substance that
encases the axons of neurons
interneuron a nerve cell that
conducts a nerve impulse within
the central nervous system,
providing a link between sensory
and motor neurons
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FIGURE 2.29 Relationship between the different neurons in the nervous system

Stimulus

TABLE 2.3 The structure of different types of neurons

Type of
neuron
Sensory
neurons

Sensory
receptors

Sensory
neurons

Function

The sensory neurons in the sense
organs detect changes in the
environment. Messages about
the changes are then relayed

as impulses to an interneuron.
Sensory neurons are part of

the PNS.

Interneurons

Central Effector Action
nervous (muscle or
system or gland) response

Motor
neurons

Structure

Receptor produces
an impulse

Cell
body

Interneurons

The interneurons carry impulses
through the spinal cord and brain.
So, they are part of the CNS.
Interneurons are sometimes called
connector neurons. Impulses are
relayed from interneurons to
motor neurons.

Motor
neurons

The motor neurons receive
impulses from interneurons and
cause a response in an effector
organ such as a muscle or a
gland. Motor neurons are part
of the PNS.

Impulse =
arrives at \ \
effector

-]

) a ./.]‘r‘ .

\ ! Myelin ™

RN B © m\f Axon branch sh};ath \"\

AN S \ Path of - = G
) \ \

impulse

Axon
terminals

ACTIVITY: Neuron models

Make models of the different neuron types using balloons, string or cotton, straws and tape. Then try and
connect them together using a large outline of the human body.
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FIGURE 2.30 Relationship between the different types of neurons

CENTRAL NERVOUS
SYSTEM

(SPINAL CORD)
Cell body

Axon /

terminals . l
Central axon

Interneuron

Cell body Axon

2.4.5 Synapses

; <——— Sensory neuron

| Motor neuron ———
4 7

PERIPHERAL NERVOUS SYSTEM

Peripheral axon Receptor

Effector organ
(muscle or gland)

Axon terminals

_____________________________________

The gap between neurons is called a synapse. The nerve impulse cannot jump across

the synapse so when the nervous impulse has reached the axon terminal of a neuron,
tiny vesicles containing chemicals called neurotransmitters are transported to the cell
membrane of the neuron. These chemicals are then released into the synapse, as seen

in figure 2.31.

1. The neurotransmitters move across the synapse
and bind to receptors on the membrane of the
dendrites of the next neuron.

2. This may result in triggering the receiving
neuron to convert the message into a nervous
impulse and conduct it along its axon.

3. When it reaches the axon terminal,
neurotransmitters are released into the synapse
to be received by the dendrites of the
next neuron.

4. This continues until the message reaches a
motor neuron, which then communicates
the message to an effector, such as a muscle
or gland. The effector may then respond to
the message; for example, a muscle cell may
contract or a gland may secrete a chemical.

synapse the gap between
adjoining neurons where
neurotransmitters travel

vesicle a small fluid-filled,

membrane-bound sac in a cell

FIGURE 2.31 Neurotransmitters passing along the
synapse to the next neuron

‘Receiving’ ‘Sending’ neuron

Synapse

Axon of
‘sending’ neuron

Neurotransmitter
packages

Mitochondrion

Released
neurotransmitters

Your nervous system involves the use of both electrical signals (nerve impulses) and chemical signals
(neurotransmitters) in order to detect a change in stimulus and initiate a response.
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FIGURE 2.32 Your nervous system involves the use of both electrical signals (nerve impulses) and chemical

signals (neurotransmitters).

. Nerve Nerve Nerve
Stimulus . . .
impulse impulse impulse
Senso Motor
Receptor ry
neuron neuron

R R

Response

Neurotransmitter Neurotransmitter Neurotransmitter

EXTENSION: Neurotransmitters and your mood

Empathy

What happens when you feel upset, or feel upset for someone else? Mirror neurons are a group of neurons that
activate when you perform an action and when you see or hear others performing the same action. Research is
suggesting that these neurons are important in being able to feel empathy towards other people. If this theory is
further supported, how could this connection increase the chances of the survival of our species?

Mood chemistry

Neurotransmitters are chemicals involved in passing messages between your
nerve cells (refer back to section 2.4.5). Within your brain there are many

neurotransmitters that influence how you feel and react: serotonin, noradrenaline
(also known as norepinephrine) and dopamine are three examples. Imbalances of

these neurotransmitters can contribute to a variety of mental illnesses.
® Serotonin acts like the brakes on your emotions. It can produce a calming
effect and is important for maintaining a good mood and feelings of
contentment. It also plays a role in regulating memory, appetite and body
temperature. Low levels of serotonin can produce insomnia, depression and

aggressive behaviour and are also associated with obsessive-compulsive and

eating disorders.

* Noradrenaline can act like an accelerator. It can promote alertness, better focus
and concentration. Your brain also needs this chemical to form new memories

and to transfer them to your long-term storage.
® Dopamine is important for healthy assertiveness and autonomic nervous

system function. Dopamine levels can be depleted by stress or poor sleep. Too
much alcohol, caffeine and sugar may also lead to reduced dopamine activity

in your brain. People with Parkinson’s disease have a diminished ability to
synthesise dopamine.

mirror neurons group of neurons
that activate when you perform
an action and when you see

or hear others performing the
same action

empathy the capacity to
recognise and to some extent
share feelings that are being
experienced by other people
serotonin a common
neurotransmitter involved in
producing states of relaxation
and regulating sleep and moods
noradrenaline also called
norepinephrine; common
neurotransmitter involved in
arousal states

dopamine a neurotransmitter
involved in producing positive
moods and feelings

Resources

eWorkbook Labelling a synapse (ewbk-12251)

Video eLesson Brain cell synapse (eles-2634)
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2.4.6 Reflex actions

Sometimes you need to consciously think about what your body
does. At other times actions happen without you having to think
about them.

FIGURE 2.33 You don’t need to think
what to do when you touch something
hot.

Have you ever had sand thrown in your eyes or touched
something too hot? Or had a ‘knee-jerk’ reaction when a doctor
sharply taps your knee? Sometimes you don’t have time to think
about how you will react to a situation. Some actions need to be
carried out very quickly — it may be a matter of survival! These
actions are examples of reflex actions.

You also react to many internal stimuli using reflex

actions. Breathing, for example, is a response regulated by
chemoreceptors detecting changes in carbon dioxide levels in
your blood. It’s very helpful that you don’t have to remember to
breathe — imagine what would happen if you forgot to!

Reflex actions may involve only a few neurons and require no conscious thought.

. . . reflex arc a quick response to a
Their pathway travels only to and from the spinal cord, and is called a reflex arc. d P

stimulus that does not involve the

An example of this process is outlined in figure 2.34. brain (for example, knee jerk). The
1. A stimulus is encountered (in either the internal or external environment). message travels from receptor to
. . . :
2. The stimulus is detected by a receptor. e
. . . . . the spinal cord then directly via the
3. The message is sent via the sensory neuron to the interneuron in the spinal cord. motor neuron to the effector.
4. Interneurons in the spine send the message to the motor neuron.
5. Motor neurons send the message to the effector to bring about a response.
6. The response occurs.

One important feature of the reflex arc is that a response occurs without the message needing to go to the brain.

FIGURE 2.34 The reflex arc pathway does not go via the brain.
ewbk-12252

4.
int-0015 Interneurons in
the spine relay
the message to a
motor neuron.

5.
Motor neurons
send the message
to an effector
organ: in this
case, muscles in
the upper arm.

6.
The muscles
contract. The
response is to pull
the finger away
from the flame.

Sensory neurons,
in this case,
thermoreceptors
in the skin of the
finger, detect

the heat.

3:
Sensory neurons send a 1.
message to the spine. The stimulus is the heat from the candle.
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INVESTIGATION 2.4

How good are your reflexes?
Aim
To investigate some automatic responses

Materials

¢ well-lit room

® chair

e stopwatch or clock with a second hand
® 30 cm ruler

Method

Work in pairs for both parts of this activity. Decide who will be the experimenter and who will be the subject.
Then swap roles and repeat both parts.

Part A: Kept in the dark

1. If you are the experimenter, look closely at the eyes of your partner, noting the size of their pupils.
2. Ask your partner to close their eyes for 60 seconds.

3. At the end of this time, monitor your partner’s eyes for any changes.

Part B: Ruler drop

4. Hold out your thumb and first finger.

5. Have your partner hold the ruler from the 30 cm end, with the 0 cm end just above the gap between your
thumb and first finger.

6. Your partner will randomly release the ruler and you will need to close your thumb and finger together to catch
the ruler.

7. Run three trials and record where you catch the ruler.

8. Run different tests using your non-dominant hand and when distracted.

Results
Record your observations from Part A and Part B.

Discussion

Part A: Kept in the dark

1. What changes did you notice?

2. ldentify the (a) stimulus and (b) response.

3. Why do you think this reflex action is important to our survival?
4. Can you control the size of your pupil?

Part B: Ruler drop

5. ldentify the (a) stimulus, (b) response and (c) effector.

6. Identify any trends in your data the more trials you did.

7. Explain differences in your results for the different tests completed.

8. Suggest possible improvements to this experiment and suggest further relevant investigations that could be
carried out.

Conclusion
Summarise the findings for this investigation about reflex actions.
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SCIENCE AS A HUMAN ENDEAVOUR: Chemical weapons

Chemicals similar to those found in poisonous plants

and animals have been used as agents of human FIGURE 2.35 Scientists and experts working
warfare. These chemicals specifically target the nervous with dangerous chemicals that target the nervous
system. Nerve gas, for example, contains a substance system must use protective suits.

that prevents neurotransmitters functioning properly

at the synapses. The neurotransmitters accumulate,
causing the nervous system to go haywire. Such chaos
can result in death.

The first nerve gas, tabun, was initially developed when
German scientists were developing a better insecticide.
This has led to more deadly agents such as sarin and
VX. All nerve gases block the body’s production of

an enzyme called acetylcholinesterase. This enzyme
regulates the nerves controlling the action of particular
muscles. A deficiency of acetylcholinesterase leads to
tightening of your diaphragm, convulsions and death.

DISCUSSION

Is the use of chemical warfare ever justifiable? Discuss this with your class, recording all the various opinions
and views.

Resources

eWorkbook The nervous system (ewbk-12253)

2.4 Activities learn

2.4 Quick quiz 2.4 Exercise L These questions are
even better in jacPLUS!

e Receive immediate feedback
e Access sample responses

Select your pathway

M LEVEL 1 M LEVEL 2 W LEVEL 3 * Track results and progress
1,3,6,7,10, 12 2,4,11,13, 15, 5,8,9, 14, 17, 19,
16,18 20, 21

Remember and understand

1. Fill'in the blanks using the following terms.
Word bank: brain, central, nerves, peripheral.

The human nervous system is composed of the nervous system ( and spinal
cord) and the nervous system (the that connect the central nervous system to the
rest of the body).
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2. Match the term with its description in the table provided.

a. Central nervous system A. Gap between neurons

b. Motor neuron B. Made up of neurons

c. Nerves C. Nerves that connect the central nervous system to the rest of
the body

d. Neuron D. Takes messages to the central nervous system

e. Neurotransmitter E. Made up of a cell body, dendrites and axon

f. Peripheral nervous F. Brain and spinal cord

system

g. Sensory neuron G. Chemical messenger that carries messages from one neuron
to another across a synapse

h. Synapse H. Takes messages away from central nervous system

3. Identify the components of the nervous system and describe their function.

AA Al

4. Label the cell body, dendrites and axon on the motor neuron and show the direction in which the impulse
travels.
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5. Distinguish between:
a. a receptor and an effector
b. a sensory neuron, an interneuron and a motor neuron
c. a neuron and a nerve
d. a reflex action and conscious reaction.
Name the organ that has been described as the control centre of your body.
7. ldentify the part of your brain that does each of the following:
a. takes up the greatest volume
b. regulates heartbeat, breathing and blood pressure
c. generates the most complex thoughts
d. coordinates movement
e. manages communication between left and right hemispheres.
8. Distinguish between:
a. cerebrum and cerebellum
b. left and right cerebral hemispheres
c. cerebrum and cerebral cortex.

Apply and analyse

o

9. Suggest how the structure of the different types of neurons suits their function.
10. Describe the advantage of the presence of myelin on the axon of a neuron.
11. With reference to chemical and electrical signalling in nerve cells, describe one way in which paralysis can
occur in animals.
12. a. Place a tick in the table provided for the responses that are reflex actions and those that are
conscious responses:

Action Reflex action Conscious response
Sneezing

Blinking

Scratching your head

Knee-jerk reaction

Clapping

Breathing

b. Explain how you decided if each action was a reflex or conscious reaction.
13. Copy the cluster map shown and insert ‘cerebrum’, ‘cerebellum’ and ‘brain stem’ into their
appropriate location.

Balance and

Cognitive processes .
coordinated movement

Regulates life

support systems

Breathing Blood pressure Heart rate
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14.

a. Explain the difference between the cerebral hemispheres.
b. Outline how these hemispheres are able to work together.

Evaluate and create

15.

16.

17.

18.

19.

20.

21.

Organise the terms below into a Venn diagram of the nervous system and the endocrine system.

Central nervous system Electrical impulse
Endocrine gland Glucagon

Insulin Homeostasis
Hormone Motor neuron
Neurotransmitter Pancreas
Peripheral nervous system Sensory neuron
Stimulus-response model Negative feedback

Suggest how you could link the
nervous system terms in the flow
chart provided.

Electrical impulse

Motor neuron

Sensory neuron

Response

Receptor

Neurotransmitter Synapse Synapse

Stimulus

Releases

Neurotransmitter

a. [EE) Suggest a reason why the pupil of your eye increases in size in dim light.

b. Outline some triggers that may cause the size of your pupil to change in size.

How does blocking the production and action of neurotransmitters cause paralysis? Include a diagram to
show this.

m Imagine that you are a scientist involved in researching the nervous system. Propose a relevant question
or suggest a hypothesis for a scientific investigation and outline how you would design your investigation.

m There is a danger of chemical and biological weapons being used in acts of terrorism.
a. Search the media for relevant examples of chemicals and their effects. Report on your findings of this.
b. What sorts of strategies do we have in Australia to cope with threats of chemical warfare?
m ‘Brains react to music like a drug.’ This was a claim made in the media in 2011. It was based on a
scientific study that used PET (positron emission tomography) and fMRI brain scans to record brain activity of
volunteers while they listened to their favourite piece of music. The PET scan detected a release of dopamine
(a neurotransmitter responsible for feeling a sense of reward and pleasure) in the volunteers’ brains and the
fMRI scan showed increased blood flow to the emotional response areas.
a. For this investigation suggest:
i. a hypothesis

ii. the dependent variable(s) and independent variable

iii. an appropriate control group

iv. controlled variables.
b. Find out more about similar investigations. Is the media claim supported by your findings? Explain.

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
2.5 The endocrine system

LEARNING INTENTION

At the end of this lesson you will be able to explain how the endocrine system controls body functions through
hormones released by various glands, and use the stimulus—response model and negative feedback loops to
explain the role of the endocrine system in the regulation of body temperature and blood glucose by homeostatic

mechanisms.

2.5.1 Hormones — chemical messengers

Thirsty? Too hot or too cold? Feeling different or noticing
changes in how you look or act? Chemicals in your blood not

only help to keep you balanced, but are also very important in

controlling and coordinating your growth and development.

The nervous system is not the only means of controlling
and coordinating activities in your body. The endocrine
system uses chemical messengers called hormones. Cell
communication is critical in maintaining homeostasis. As
cells detect changes in our environment, it is important
these cells can pass on the message to other cells in order
to elicit a response. To communicate with one another, cells
use signalling molecules, which can bind to target cells

and initiate a response. An important group of signalling
molecules in our body are hormones. They are produced

in endocrine glands and released into the bloodstream.
Although hormones travel via the bloodstream to all parts
of the body, they only act on specific cells called target
cells. Target cells contain receptors on their surface that are
complementary to a hormone (figure 2.36). Therefore, cell
communication via hormones is highly specific in response.

FIGURE 2.36 Hormones are released by
secretory cells, located in endocrine glands.
Hormones then bind to complementary
receptors on the surface of target cells.

Receptor Target cell
Hormone P .
S
5 4
)
L ] v
] 2
2

% ®

& | 3

Secreting cell
’

Not a target cell
(no receptors)

The endocrine system is made of many glands located around our body. Each gland is
responsible for producing and secreting hormones into the bloodstream (table 2.4). Endocrine
glands include the adrenal glands, pancreas and the ovaries and testes (figure 2.37).

TABLE 2.4 Examples of endocrine glands and their hormones

Endocrine Example of

gland hormone released | Response
Thyroid Thyroxine Raises basal metabolic rate
Adrenal Adrenaline Increases heart rate and blood pressure in times
of stress .
Pancreas Insulin Lowers blood glucose levels endocrine glands organs that
produce hormones, which are
Pituitary Anti-diuretic Reabsorption of water in kidneys released into the bloodstream

hormone (ADH)

target cells cells that contain

Ovaries Progesterone Controls menstrual cycle and pregnancy receptors on their surface which
- . - ; are complementary to a specific
Thymus Thymosin Stimulates the production of white blood cells to hormone

fight infection
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FIGURE 2.37 The human endocrine system
eles-2633
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Hormones control and regulate functions such as metabolism, growth, development and sexual reproduction.
Like the nervous system, the endocrine system detects a change in a variable, and often acts using a negative
feedback mechanism to counteract the initial change. The endocrine system also works with the nervous system
to regulate your body’s responses to stress. The effects of the endocrine system are usually slower and generally
longer lasting than those of the nervous system.

2.5.2 Endocrine glands in your brain
Endocrine glands are located in various parts of your body, with three major glands located in the brain:

1. Pituitary gland: often referred to as your ‘master gland’ because it controls many other endocrine glands,
stimulating them to release their own hormones. For example, your thyroid gland, ovaries and testes are
all controlled by hormones released by this endocrine gland. Hormones released by the pituitary gland can
control water balance, growth, development and reproduction-related processes.

2. Hypothalamus: sends hormones to the pituitary gland to control its release of
hormones to other endocrine glands. It also releases hormones that control
body temperature, growth, sex drive, thirst, hunger and sensations of pituitary gland a small gland at
pleasure and pain. The hypothalamus links your nervous system to your :gerggieeg LA IUIE VLD
endocrine system and is used in reflex actions such as those involved el = i el B sreheEe
in the beating of your heart and breathing. the hormone melatonin, which

3. Pineal gland: produces the hormone melatonin, which controls body rhythms can make you feel drowsy

such as waking and sleeping.
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EXTENSION: Fight-or-flight response

Feeling angry? Is your heart racing, are your hands cold, do you have a sick feeling in your stomach? Anger can
be one of our most primitive emotions. It is certainly a powerful one. Uncontrolled anger can lead to physical
fights, arguments and self-harm. However, controlled anger can be a very useful emotion that can help motivate
you to make positive changes.

When you feel angry, your hypothalamus responds by sending messages to your pituitary gland to instruct your
adrenal glands to release adrenaline (also known as epinephrine). This hormone acts to:

® increase your heart rate

e dilate your pupils

e constrict skin blood vessels

® shut down digestion.

This helps you to see any threats better and provides your muscles with more glucose and oxygen, just in case
you need to face the danger and fight, or take flight and escape it by running away (or you could freeze because
you don’t know what to do).

2.5.3 Thermoregulation

One factor under homeostatic control is our core body temperature. Body temperature is maintained
around 37.5 °C. The control of our body temperature is known as thermoregulation. If our body
temperature decreases or increases too far from this there can be severe consequences, including

death. Our endocrine and nervous systems work together to ensure our body temperature is maintained
within a narrow range because it is critical to our survival. Evidence suggests that a part of your

brain called the hypothalamus contains a region that acts as your body’s thermostat. It contains
thermoreceptors that detect the temperature of blood that flows through it. Below is an example of how
the endocrine system regulates a decrease in body temperature via negative feedback (figure 2.38).

1. The decrease in body temperature acts as the stimulus, which is detected by ,
. adrenal glands a pair of glands
thermoreceptors In your bOdY' situated near the kidneys that
2. This message is taken to the hypothalamus, which activates release adrenaline and other stress
warming mechanisms. hormones

3. One of these mechanisms involves the thyroid gland. It responds by secreting AT @ NETEe B s
in response to stressful stimuli,

the hormone thyroxine, which increases the metabolic rate of cells, releasing which readies your body for the
heat to warm you. fight-or-flight response
4. Raising body temperature reduces the need for the hypothalamus to direct the thermoregulation the control of
body temperature

thyroid gland to secrete thyroxine.
thyroid gland a small gland in the

neck that helps regulate metabolism
and growth

FIGURE 2.38 Negative feedback loop of thermoregulation

Stimulus Control centre Response
Decrease in
body temperature

Receptor Effector Thyroxine released

Hypothalamus )
Thermoreceptors in brain Thyroid gland and increases cells’

metabolic rate

Increase in
"""""""""" body temperature
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Endocrine and nervous systems working together

The endocrine and nervous systems can work together in the control of body temperature. When our body
temperature increases or decreases from within a particular range, messages from thermoreceptors in your skin
or hypothalamus trigger your hypothalamus to send messages to appropriate effectors. The effectors (such as
those shown in figure 2.39) then bring about a response that may either increase or decrease body temperature
back to within the normal range.

FIGURE 2.39 Temperature regulation is an example in which the nervous system and the endocrine system work
together to maintain your body temperature within a range that is healthy for your cells.

Blood Skin
temperature temperature

Detected by ‘Thermostat’ in Detected by
thermoreceptors hypothalamus thermoreceptors
in hypothalamus in brain in skin

Effector
nerves

Effectors

Arterioles in skin Sweat glands

Muscles

Endocrine glands
Adrenal Erector-pilli ol Di(ljation OT Sweatt
medulla muscles of hairs 22 (ifvrifts)e = evz]f’ﬁget‘)es

. . Shivering Hairs raise up —
UiFerdne AR (if cold) insulation (if cold)

Increased rate Increased
of cell blood supply
metabolism to muscles
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2.5.4 Blood glucose regulation

Glucose is one of the human body’s primary sources of energy. During cellular

.. . . . N lucagon a hormone, produced b
respiration, glucose is converted into ATP, the primary energy carrier in the body. o ocad P Y

the pancreas, which increases blood

Thus, it is critical that glucose levels are closely regulated. Homeostasis of blood glucose levels
glucose levels is maintained by two hormones produced by the pancreas: insulin glucagon a hormone, produced by
and glucagon (table 2.5). the pancreas, which increases blood

glucose levels

As seen in figure 2.40a, if an increase in blood glucose levels has been detected by

receptors, the pancreas responds by secreting insulin, which may trigger an increased uptake of glucose by

liver and muscle cells and the conversion of glucose into glycogen for storage. This decreases the blood glucose
levels back to ‘normal’ levels.

If a decrease in blood glucose levels has been detected by receptors, the pancreas responds by secreting
glucagon (figure 2.40b). Glucagon travels in the blood to the liver and muscle cells, stimulating the breakdown
of glycogen into glucose. This increases the blood glucose levels back to ‘normal’ levels.

TABLE 2.5 Actions of insulin and glucagon

Insulin Glucagon

Stimulus Increase in blood glucose levels Decrease in blood glucose levels

Effector Produced by the pancreas Produced by the pancreas

Target cells Liver and skeletal muscles Liver

Response Acts on the liver and skeletal muscles to Acts on the liver to promote the breakdown
increase the uptake of glucose from the of glycogen into glucose. Glucose is then
bloodstream and storage as glycogen. released back into the bloodstream.

Outcome Decrease in blood glucose levels to within Increase in blood glucose levels to within
normal range normal range

FIGURE 2.40 If your blood glucose levels are too high or low, your body will release hormones to bring it back to
ideal levels. a. Negative feedback loop involved when high level glucose is detected b. Negative feedback loop of
glucose regulation when low level glucose is detected

Response

Stimulus . .
) Receptor Control centre Effector Insulin released and triggers
Increase in blood )
Chemoreceptors Pancreas Liver glucose uptake from cells
glucose levels

and storage as glycogen

Negative feedback
e Stimulus of high blood glucose levels Decrease in blood
is removed because blood glucose glucose levels

levels have returned to normal

Response

Stimulus
: Receptor Control centre Effector GIL.Jcagon released and
Decrease in blood Ch i P Li triggers glycogen to
Ty emoreceptors ancreas iver e A

glucose

Negative feedback
. Stimulus of low blood glucose levels Increase in blood
is removed because blood glucose glucose levels

levels have returned to normal
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Increase in blood glucose levels
Figure 2.40 a is an example of how the endocrine system regulates an increase in blood glucose levels via
negative feedback.

1. After you have eaten a lot of sugary food, your blood glucose levels increase.

2. This rise is detected by cells in your pancreas, which then secretes the hormone insulin.

3. Insulin travels in the bloodstream, and specific target cells in your liver and muscles respond by increasing

the uptake of glucose into the cells and the conversion of glucose into glycogen, which is then stored.
4. The result is that blood glucose levels return to their ‘normal’ levels.

2.5.5 Reproductive hormones

The endocrine system also plays a key role in controlling and coordinating human reproduction
and development.

Male reproductive hormone levels

When a male reaches puberty, the endocrine system releases several hormones. o
luteinising hormone (LH)

1. The male’s pituitary gland secretes luteinising hormone (LH). hormone produced by the anterior
7 LH act his testes t d ther h lled testost A pituitary gland that initiates
- LH acts on his testes to produce another hormone called testosterone. An v, 0 s e 6
increase in testosterone levels causes sex organs to grow and testes to progesterone and corpus luteum
begin to produce sperm. Secondary sex characteristics are increased muscle development in females and in
. . . the stimulation of production of
development, changes in voice, muscle and hair growth and hormones.

testosterone in testes in males
testosterone male sex hormone

FIGURE 2.41 a. The male reproductive system b. The internal structure of the testes c. An increase in the level of

ewbk-12264  testosterone during puberty triggers the testes to produce sperm cells.

int-3032

Ejaculatory
Urinary duct Ureter
bladder

Seminal vesicle

Vas deferens

Prostate gland

o

Spermatic
cord

{/ Rectum

Capsule of testis

Tubules

) Vas deferens
Testis
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Female reproductive hormone levels

When a female reaches puberty, the endocrine system releases different hormones.

1.
2.

The female pituitary gland secretes follicle-stimulating hormone (FSH).
FSH acts on ovaries to stimulate the follicles (structure in which the egg
develops) to grow.

. A hormone called oestrogen is secreted from the ovaries (and the placenta

during pregnancy), which causes the thickening of the lining of the uterus to
prepare it for a potential fertilised egg.

. Increased levels of oestrogen also stimulate the hypothalamus to produce more

FSH and LH.

. Increasing levels of LH cause the follicle to swell. The mature follicle bulges on

the surface of the ovary, ruptures, and the ovum (unfertilised egg cell) is released
from the ovary into the fallopian tube. This process is called ovulation.

. Following ovulation, the empty follicle from which the egg was released

becomes a corpus luteum. This structure secretes another hormone
called progesterone.

. Progesterone continues to prepare the uterine lining for pregnancy.
. If fertilisation does not occur, both the ovum and corpus luteum break down.

This causes the progesterone levels to drop and hence the lining of the uterus
(endometrium) to break down. Blood and uterine lining are discharged through
the vagina in a process called menstruation.

. When progesterone levels drop, the pituitary gland produces FSH and the cycle

begins again. These cyclic changes in the ovaries and lining of the uterus as a
result of changing hormone levels in the blood are called the menstrual cycle.

FIGURE 2.42 The female reproductive system showing the release of an ovum

follicle-stimulating hormone
(FSH) regulates the development,
growth and reproductive processes
of the body

follicles found in the ovary

and contain a single immature
ovum (egg)

oestrogen hormone secreted from
the ovaries and the placenta with a
variety of effects such as inducing
puberty changes and thickening of
the uterus lining

uterus the organ in which a baby
grows and develops

ovum female sex cells produced in
the ovaries

ovulation the release of an ovum

corpus luteum an endocrine
structure that is involved in the
production of progesterone
progesterone hormone produced
in the ovaries that inhibits ovulation
and prepares the lining of the uterus
for pregnancy

fertilisation fusion of the male sex
cell (sperm) and the female sex

cell (ovum)

menstruation monthly discharge
of blood and other materials from
the uterus lining through the vagina
(also known as period)

Fallopian tube where

Lining of uterus

Cervix Vagina
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SCIENCE AS A HUMAN ENDEAVOUR: Using hormones to control reproduction

Hormones can be harnessed to either increase or decrease fertility. There are a number of issues that have been
expressed about the production, availability, uses and consequences of these hormones.

Hormones are used as contraceptives for females. Traditionally in pill form (figure 2.43), they are now appearing
in patches, gels, implants and insertable vaginal rings. There is also a ‘morning-before’ pill, which can be used
as an emergency contraceptive. This pill works by altering the ion content of the woman’s reproductive tract for
about 36 hours. The changes that it produces make it more difficult for the sperm to swim and hence less likely
for them to reach the ovum to fertilise it.

FIGURE 2.43 Contraceptive pills contain different levels of hormones.

There are also plans to develop contraceptive drugs that target hormone receptors rather than altering hormone
levels. These new contraceptives may work by tricking the egg into thinking that it is already fertilised so that

it blocks sperm from penetrating it. Other new contraceptives may involve the development of hormones that
prevent the fertilised egg from implanting in the uterus.

Scientists are working on developing male contraceptive pills. These are based on a combination of androgen
and progesterone. Androgen blocks sperm development and progesterone blocks testosterone production. While
combinations of these hormones may be used to prevent fertility, there are possible side effects that need to be
considered.

In cases of abortion, an alternative to a surgery is the commercially produced hormone RU486 (Mifepristone).
RU486 can terminate an early pregnancy by blocking the action of progesterone. This causes the lining of the
uterus to break down so that the embryo is unable to implant into it. This pill is less invasive and has fewer side
effects than a surgical abortion and it enables termination at a much earlier stage. In Australia, doctors must be a
registered prescriber of RU486 to administer it to patients.

DISCUSSION

How might hormone replacement therapy help reduce the effects of menopause in women?
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2.5.6 Malfunctions in the endocrine system — diabetes
Type 1 diabetes

One of the most common malfunctions of the endocrine system is type 1 diabetes. Type 1 diabetes is an
autoimmune condition that occurs when the insulin-producing cells of the pancreas are destroyed by the immune
system, resulting in the inability to produce insulin. Type 1 diabetes typically develops in individuals under

30 years of age. The exact causes of type 1 diabetes are currently unknown, although there is evidence of
genetic predisposition.

As there is no cure, people with type 1 diabetes must carefully monitor their blood glucose levels (up to six
times a day) and undergo insulin replacement therapy. Insulin replacement uses artificially made insulin and
is administered via injections or an insulin pump (figure 2.44). An insulin pump is a small device that stores

insulin. Individuals wear the pump 24 hours a day. After a meal, insulin is .
hyperglycaemia blood glucose

injected into their body via a small needle inserted under the skin. If not carefully levels above the normal range
monitored, diabetes could lead to the development of hyperglycaemia hypoglycaemia blood glucose
or hypoglycaemia. levels below the normal range

FIGURE 2.44 a. A diabetic person injects them self with insulin. b. A diabetic person with an insulin pump
connected via the abdomen.

-

g

4
e o : :

o

Type 2 diabetes

Type 2 diabetes accounts for 85-90 per cent of all cases of diabetes. Unlike type 1 diabetes, which is an
autoimmune disease and cannot be prevented, type 2 diabetes is caused by both genetic factors and lifestyle
(such as being overweight or obese, smoking or having a poor diet) and can be prevented. Type 2 diabetes
generally forms in people later in life as a result of insulin resistance. Over a long period of time, insulin
becomes ineffective at controlling blood glucose levels. To compensate for the ineffectiveness of insulin, the
pancreas responds by producing even more insulin. This long-term over-production leads to damaged insulin-
producing cells in the pancreas. Individuals with type 2 diabetes become hyperglycaemic due to a lack

of insulin.
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Effects of prolonged hyperglycaemia can include:
¢ kidney damage
e lack of circulation leading to numbness in feet and/or hands
e heart disease
 vision loss/blindness
e development of wounds that are difficult to heal.

Type 2 diabetes can be managed with regular exercise and maintaining a healthy diet and lifestyle. In severe
cases where blood glucose levels remain high, medication and insulin therapy may be required.

SCIENCE AS A HUMAN ENDEAVOUR: Diabetes-induced blindness

Diabetes-induced blindness, also known as diabetic retinopathy, is a common cause of blindness for people

with type 1 or type 2 diabetes. It is an eye condition that causes damage to the blood vessels in the retina. As
discussed in section 2.2.4, the retina contains photoreceptors called rods and cones that allow us to detect light
and colour. If blood sugar levels have been elevated over a long period of time, this can result in the blockage of
capillaries in the retina and diminished blood supply to the area. In an attempt to restore blood flow to the retina,
new blood vessels are made. However, these blood vessels do not fully form and leak into the vitreous humour of
the eye (figure 2.45b). In severe cases, scar tissue can form and pressure in the eye can increase, which leads to
the detachment of the retina from the back of the eye.

Symptoms of diabetic retinopathy include headaches, blurred vision, eye strain and double vision. It is essential
that individuals at higher risk of developing diabetic retinopathy carefully monitor their blood glucose levels. In
Australia, diabetes is the main cause of preventable blindness, with around 25-35 per cent of Australians with
diabetes developing diabetic retinopathy.

FIGURE 2.45 a. Blood vessels in a normal eye b. Damaged leaky blood vessels as a result of diabetic
retinopathy

Normal eye Eye with retinopathy

Tiny blood vessels leak
fluid into the retina

Resources

eWorkbook The endocrine system (ewbk-12266)
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2.5 Activities

2.5 Quick quiz 2.5 Exercise

Select your pathway

B LEVEL1 B LEVEL 2 B LEVEL 3
1,2,5,6,8,12 3,7,11,13, 14, 4,9,10, 15,17
16, 18

Remember and understand

1.

ook N

N

Match the term with its description in the table provided.

L These questions are
even better in jacPLUS!

* Receive immediate feedback
e Access sample responses
e Track results and progress

Find all this and MORE in jacPLUS @

a. Anti-diuretic hormone (ADH) A. Increases blood glucose levels

b. Glucagon B. Lowers blood glucose levels

c. Insulin C. Increases metabolic rate of cells

d. Oestrogen D. Causes testes to produce sperm

e. Progesterone E. Controls menstrual cycle and pregnancy
f. Testosterone F. Causes thickening of the uterine lining
g. Thyroxine G. Causes reabsorption of water in kidneys

system differ from the nervous system.

Provide an example of negative feedback that includes the

involvement of a hormone.

Apply and analyse

8. Distinguish between:

10.

11.

a.
b.
c.
d.

a.

b.
c.

a.

hormones and endocrine glands
menstruation and ovulation
endometrium and uterus

testes and sperm.

Describe the relationship between the:

pancreas, liver, glucose, glucagon, glycogen and insulin
pituitary gland, LH, testes, testosterone and sperm
pituitary gland, FSH, ovary, oestrogen, follicles, uterine
lining, hypothalamus, LH, ovum, fallopian tube

and ovulation

. corpus luteum, uterine lining, progesterone and

menstruation.

. Other than pills, in which forms can hormone-based

female contraceptives be used?

. Outline how these hormones can be used to

prevent fertility.
Name the two hormones that may be used in a male
contraceptive pill.

. Outline how these hormones can be used to

prevent fertility.
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Identify and describe the three endocrine glands located in your brain.

What are hormones, where are they produced and how are they transported through the body?
Are all parts of the body affected by a particular hormone? Explain.

Label the endocrine system in the figure provided.
Identify two ways in which the actions of the endocrine

Hypothalamus o
Pituitary gland

Parathyroid glands

Adrenal glands




12. The nervous and endocrine systems both play a vital role in the maintenance of homeostasis in the body.
Compare the speed and duration of response produced by the nervous and endocrine systems.
13. Compare and contrast the types of messages sent by the endocrine and nervous systems.

Evaluate and create

14. Complete the flow chart to link the listed High blood
terms. glucose
® Glucagon
® |nsulin

® Pancreas

[ ]

[ ]

1
1
! . Decreases

z N
Y L’ P Stored as

Glycogen
Glucose Releases Piia

-
<

15. Male and female fertility patterns are
different. Find out the key differences and
comment on how they may affect the Increases
development and use of effective
hormone-based contraceptives. Low blood

glucose

Broken
down into

16. [EEJ Ovulation occurs when the mature follicle

= Blood levels

ruptures on the surface of the ovary and the of LH
ovum is released. Use the diagram provided g Ciocd levele

to answer the following questions.

a. Which hormone in the diagram is at the
highest level just prior to ovulation?

b. When is ovulation likely to occur?

c. When is progesterone at its highest level?

H H FSH from anterior LH from anterior pituitary causes
d. At what stage in the CyC|e is the pituitary |causes size of follicle to increase and|egg
endometrium the thickest? follicles o grow. is released. g
e. Describe the changes in the concentrations vy ¥ 3 ) T
of each of the hormones throughout the ) (] \@;7 y € @ p.
menstrual cycle. TR |
f. Research the changes in the levels of FSH Graug of follicle 7 released ||
(follicle stimulating hormone) and LH g I TR R TR T R L L L
(luteinising L 4 _ ¥ . v ¥
h Growing follicles produce Corpus luteum also
ormone) throughout the menstrual cycle. oestrogen. produces pibgesterone.

17. |EEJ Research the regulation and ’

stimulus-response model when blood glucose __ Blood levels of |

levels are too high. Cétlestrcciyci;enl ) I
. == 00d levels O
a. Create a flow chart showing how the progesterone

nervous and endocrine systems work to
return blood glucose

to normal.
b. Describe why individuals with Type ,
H Oestrogen causes Progesterone prepares
1 diabetes cannot properly regulate blood ﬁnmg of wtorls lining of terus for
glucose. Lining of uterus breaks | O thicken. pregnancy.
: down because
c. Suggest some treatmentl options for fertinention g pot
individuals with Type 1 diabetes. occur in previous cycle.
18. Create a graph to show how blood glucose . — o
levels could change over a 24 hour period 16"2-;; it 8 @ﬁ
[ Ll { [
from 7am. &F@I YR \‘ / DPIR "{/\
}‘/(}-\ﬁ"\iﬁ' WA AN -
JtB.;oH 53\;.&\.%." &
P T I A A0 2 () )
Day 5 10 14 20 25 28
F\/Ienstruation| Formation of follicles | Secretion by corpus Iuteumi
‘ MENSTRUAL CYCLE

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
2.6 Malfunctions of the nervous system

LEARNING INTENTION

At the end of this lesson you should be able to explain some examples of technological and medical advances in
the study of neural diseases and damage.

2.6.1 Damage to the nervous system

Damage to the spinal cord of the nervous system may be the result of a disease or an accident or be congenital
(already present at birth). Whatever the cause, this type of damage can be devastating and debilitating.

Although there is currently no cure for spinal injury, teams of scientists around the world are involved in
research that is aimed at improving the quality of life for those with this injury.

Paralysis and spinal injury

All of the nerves in your peripheral nervous system FIGURE 2.46 Actor Christopher Reeve raised
throughout your body connect to your spinal cord. awareness for spinal injury research.

Damage to this cord can prevent communication of
messages between your brain and your body. This loss of
communication can lead to paralysis (loss of movement).

Damage to different parts of the spinal cord results in
different types of paralysis. For example, if you were in
an accident in which the lower back section of your spine
was completely crushed, messages would not be able to
travel between your legs and feet and your brain. This
loss of communication would mean that you would not
be able to sense pain, heat, cold or touch in these parts of
your body. You would also be unable to stand or walk as
you would not be able to control the muscles in your legs
and feet.

Christopher Reeve, an actor who played Superman in
the 1970s and 80s, damaged his spinal cord in the neck
region in a sporting accident. The consequence was that
he was paralysed below the neck and required the use of
a machine to breathe air into and out of his lungs as he
was unable to breathe for himself. In the years following
his accident he raised awareness of spinal injuries and
increased public and political interest in related research.
He died in 2004 as a result of complications from

his paralysis.

Paralysis and disease

A number of diseases can also result in paralysis. One such condition is motor neuron
disease. Although the cause of this disease is still unknown, its effects are devastating.
While the brain and the senses are usually unaffected, the person with the disease
becomes increasingly paralysed.

paralysis loss of the ability to move
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Motor neuron disease, as the name suggests, targets motor neurons and . ]

ively d h H . £ d. Thi motor neuron disease a medical
progressively destroys them. owever, sensory neu.rons remain unaffected. This condition that progressively
means that a person paralysed with motor neuron disease could hear and see destroys motor neurons, resulting
a mosquito, feel it biting their arm, feel the itchiness, but be unable to move to in progressive paralysis but

. . leaving the brain and sense
scratch it or talk to tell someone to scratch it for them. organsunatiected

People with motor neuron disease, such as Stephen Hawking (figure 2.47), sense
their environment, but increasingly cannot respond to it. This paralysis eventually
involves all muscles within the body. Sadly, motor neuron disease is fatal.

Stephen Hawking was an English theoretical physicist and cosmologist. He was diagnosed at the age of 21 with
motor neuron disease (MND). MND soon claimed his physical body but it could never claim his intellect or wit.
During his next 55 years he achieved extraordinary successes in the study of the physical nature of the

Universe especially the theory of special relativity and quantum physics. He died in 2018.

Former Melbourne football coach and Essendon player Neale Daniher also suffers from MND. Daniher leads
the way in raising funds for research into treatment and cures through the Big Freeze at the ‘G for Fight MND.
Other challenges, such as the Ice Bucket challenge, raised funds for MND.

FIGURE 2.47 Stephen FIGURE 2.48 The Big Freeze at the ‘G, started by Neale Daniher in
Hawking suffered from 2015.

motor neuron disease.

\ ’ J
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Stem cells — a possible treatment?

Embryonic stem cells have many properties that scientists find exciting. They can produce new cells for longer
than other cells, and under the right conditions they can be made to differentiate into particular cell types. Some
current research is investigating the injection of nerve cells produced from embryonic stem cells into the sites
of spinal injury. Although it is early days for this research, it is hoped that it may lead to the recovery of muscle
function in some cases.

Although the possible applications of this research are exciting, technologies involving the use of human
embryonic stem cells must undertake strict bioethical procedures. The human embryos used in this research are
obtained from the surplus embryos of couples undergoing IVF treatment.
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FIGURE 2.49 The use of stem cells to treat (and possibly even cure) a variety of diseases is being investigated.

In-vitro embryo Embryonic stem cell
Embryonic stem
cell removed
Cultured in
laboratory

Clump of embryonic

l stem cells

Specific growing conditions

l

B

Ry

i l
T 1

Nerve cells Muscle cells Gut cells Whole organs

Brain-control interface technology

Currently making an entrance into the mass market are games and toys
that utilise brain-control interface technology. In these applications,
computer software in ‘mindsets’ are used to decode brain wave patterns
and facial movements to bring about particular responses in the external
environment (for example, moving an object by just thinking about it).

FIGURE 2.50 Brain-control
interface technology has many
possible applications.

Broader applications of this technology, such as implanted electrodes
and neural prostheses, are being researched and developed in order

to provide assistance to people with a variety of disabilities. There have
already been cases in which paralysed people have been able to move
their wheelchairs by just thinking about the movement, or those who
are unable to talk have been able to use their brain to result in their
thoughts being spoken aloud. Cochlear implants are also examples of
neural prostheses used to stimulate the auditory nerve in individuals
with hearing loss.

DISCUSSION

How else might brain-control interface technology be used? What

other senses could be assisted using this technology? Could it be neural prostheses technological
used to enable us to experience senses that humans do not devices that can replace a motor,
currently possess? sensory or cognitive structure
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Resources

Weblinks Stem cells
Fight MND

2.6 Activities learn

2.6 Quick quiz 2.6 Exercise L These questions are

even better in jacPLUS!

¢ Receive immediate feedback
® Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

Select your pathway

Remember and understand

1. Define the term paralysis.
2. Outline the properties that make stem cells interesting to researchers.
3. Outline the cause and symptoms of motor neuron disease.

Apply and analyse

4. Outline how brain-control interface technology can bring about body responses.

5. Describe an application of implanted electrodes or neural prostheses.

6. Describe evidence that suggests that stem cells may one day be used to restore some mobility after a
spinal injury.

Evaluate and create

7. m Use the graph showing the causes of spinal injury to answer the following questions.
a. What are the two leading causes of spinal injury?
b. What percentage of spinal injuries are sports related? Suggest which sports might have the highest risk of
spinal injury.

Causes of spinal cord injury

I Motor vehicle accidents

[ | Unprotected road users (motorcyclists,
pedal cyclists, pedestrians)

- Low falls (on the same level, or from a
height of less than 1 metre)

[ High falls (from a height of 1 metre or more)
Struck by or collision with a person or object
I water-related

[0 other

8. a. Explain why an injury in the neck region of the spinal cord may result in quadriplegia, whereas an injury in
the lower back region of the spinal cord may result in paraplegia.
b. Research treatment options that are being investigated for different types of spinal cord injury.

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
2.7 Review

Hey students! Now that it’s time to revise this topic, go online to:

Review your Watch teacher-led Practise questions with
results videos immediate feedback

Access your topic review eWorkbooks Resources
Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-12272 ewbk-12273 ewbk-12274

2.7.1 Summary

Sense organs

¢ Sense organs detect stimuli (such as light, sound, touch, taste and smell) in your environment. Examples of
human sense organs are your eyes, ears, skin, tongue and nose.

e Receptors respond to different stimuli. Receptors include thermoreceptors, mechanoreceptors,
chemoreceptors, photoreceptors and pain receptors.

Homeostasis

e Multicellular organisms rely on coordinated and interdependent internal systems to respond to changes to
their environment.

* Homeostasis is the constant maintenance of the internal body environment. Variables such as blood
glucose, water and carbon dioxide need to be kept within a particular range for the body to remain healthy.

¢ The stimulus—response model is where any changes (stimuli) are detected (by receptors) leading to the
initiation of a response by various body parts.

e Negative feedback occurs when the response is in an opposite direction to the stimulus.

e Positive feedback occurs when the response is in the same direction as the change in stimulus. The release
of the hormone oxytocin during childbirth is an example of positive feedback.

¢ Both the endocrine and nervous systems work together to help maintain homeostasis and allow for
responses to occur.

The nervous system

e The nervous system is composed of the central nervous system (CNS), which contains your brain and
spinal cord, and the peripheral nervous system (PNS), which contains the nerves (neurons) that connect
to the rest of the body.

e There are three types of neurons: sensory, interneuron and motor neuron.

e A synapse is a gap between neurons and is where neurotransmitters are released. Neurotransmitters are
chemicals involved in passing messages between your neurons.

e Neurons are made up of three main parts: the dendrites, cell body and axon.

¢ Reflex responses require no conscious thought. A reflex arc is the nerve pathway followed by the
reflex action.

e The brain is made up of three main parts: the forebrain (cerebrum, thalamus), the midbrain (reticular
formation) and the hindbrain (medulla, pons and cerebellum).
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e The reticular formation helps regulate your alertness (from being fully awake or deeply asleep), motivation,
movement and some of your reflexes.

The endocrine system

¢ The endocrine system is composed of endocrine glands that secrete chemical substances called hormones
into the bloodstream.

e Hormones control and regulate functions such as metabolism, growth, development and
sexual reproduction.

* Hormones are a group of signalling molecules that travel via the circulatory system to act on target cells to
produce a response.

e Hormones are involved in maintaining the homeostasis of a range of variables in the body including core
body temperature and blood glucose levels.

e Insulin and glucagon, produced by the pancreas, are two important hormones involved in the regulation of
blood glucose levels.

* LH and FSH play a key role in controlling and coordinating human reproduction and development.

e Diabetic retinopathy is a common cause of blindness in people with type 1 and 2 diabetes.

Malfunctions of the nervous system

e Paralysis is the loss of movement that can result from damage to the nervous system, particularly the
spinal cord.
e Motor neuron disease targets motor neurons, resulting in progressive paralysis.

2.7.2 Key terms

adrenal glands a pair of glands situated near the kidneys that release adrenaline and other stress hormones
adrenaline a hormone secreted in response to stressful stimuli, which readies your body for the fight-or-

flight response

auditory nerve a large nerve that sends signals to the brain from the hearing receptors in the cochlea
autonomic nervous system part of the PNS that controls involuntary movement, such as breathing or heartbeat
axon long structure within a neuron through which the nervous impulse travels from the dendrite and the

cell body

brain stem the part of the brain connected to the spinal cord, responsible for breathing, heartbeat and digestion
cell body part of a neuron that contains the nucleus

central nervous system the part of the nervous system composed of the brain and spinal cord

cerebellum the part of the brain that controls balance and muscle action

cerebral cortex the outer, deeply folded surface of the cerebrum

cerebral hemispheres the left and right halves of the brain

cerebrum the largest part of the brain responsible for higher order thinking, controlling speech,

conscious thought and voluntary actions

chemoreceptors special cells within a sense organ that are sensitive to particular chemicals

cochlea the snail-shaped part of the inner ear in which receptors are stimulated

cones photoreceptors located in the retina that respond to red, green or blue light

cornea the curved, clear outer covering of your eye

corpus callosum a bridge of nerve fibres through which the two cerebral hemispheres communicate

corpus luteum an endocrine structure that is involved in the production of progesterone

cytosol the fluid found inside cells

dendrite structure that relays information towards the cell body of a neuron

dopamine a neurotransmitter involved in producing positive moods and feelings

ear canal the tube that leads from the outside of the ear to the eardrum

eardrum a thin piece of stretched skin inside the ear that vibrates when sound waves reach it

effectors organs that respond to a stimuli to initiate a response

empathy the capacity to recognise and to some extent share feelings that are being experienced by other people

endocrine glands organs that produce hormones, which are released into the bloodstream R
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endocrine system the body system composed of different glands that secrete signalling molecules (hormones)
that travel in the blood for internal communication and regulation and to maintain homeostasis

fertilisation fusion of the male sex cell (sperm) and the female sex cell (ovum)

follicles found in the ovary and contain a single immature ovum (egg)

follicle-stimulating hormone (FSH) regulates the development, growth and reproductive processes of the body
forebrain consists of the cerebrum, cerebral cortex, thalamus and hypothalamus

glucagon a hormone, produced by the pancreas, which increases blood glucose levels

hindbrain a continuation of the spinal cord

hippocampus part of the brain with a key role in consolidating learning, comparing new information with
previous experience, and converting information from working memory to long-term storage

homeostasis the maintenance by an organism of a constant internal environment (for example, blood glucose
level, pH, body temperature)

hormone a signalling molecule that is produced in specialised cells and travels in blood to act on target cells to
cause a specific response

hyperglycaemia blood glucose levels above the normal range

hypoglycaemia blood glucose levels below the normal range

insulin hormone that reduces blood glucose levels

interneuron a nerve cell that conducts a nerve impulse within the central nervous system, providing a link
between sensory and motor neurons

iris coloured part of the eye that opens and closes the pupil to control the amount of light that enters the eye
lens a transparent curved object that bends light towards or away from a point called the focus

luteinising hormone (LH) hormone produced by the anterior pituitary gland that initiates ovulation, the
production of progesterone and corpus luteum development in females and in the stimulation of production

of testosterone in testes in males

mechanoreceptors special cells within the skin, inner ear and skeletal muscles that are sensitive to touch,
pressure and motion

medulla oblongata (medulla) a part of the brain developed from the posterior portion of the hindbrain
menstruation monthly discharge of blood and other materials from the uterus lining through the vagina (also
known as period)

middle ear the section of the ear between your eardrum and the inner ear, containing the ossicles

mirror neurons group of neurons that activate when you perform an action and when you see or hear others
performing the same action

motor neuron a nerve cell that conducts a nerve impulse from the central nervous system to the effector, such
as a muscle or gland so that it may respond to a stimulus

motor neuron disease a medical condition that progressively destroys motor neurons, resulting in progressive
paralysis but leaving the brain and sense organs unaffected

multicellular organism a living thing that is composed of many cells

myelin a fatty, white substance that encases the axons of neurons

negative feedback a homeostatic mechanism that returns a stimulus back within its normal range

nerve a bundle of neurons

nervous system the body system in which messages are sent as electrical impulses (along neurons) and
chemical signals (neurotransmitters across synapses)

neural prostheses technological devices that can replace a motor, sensory or cognitive structure

neuron another name for nerve cell, a specialised cell for transmitting a nerve impulse

neurotransmitters signalling molecules released from the axon terminals into the synapse between nerve
cells (neurons)

noradrenaline also called norepinephrine; common neurotransmitter involved in arousal states

nucleus roundish structure inside a cell that acts as the control centre for the cell

oestrogen hormone secreted from the ovaries and the placenta with a variety of effects such as inducing puberty
changes and thickening of the uterus lining

olfactory nerve nerve that sends signals to the brain from the chemoreceptors in the nose

optic nerve large nerve that sends signals to the brain from the sight receptors in the retina

organelle small structure in a cell with a special function

ossicles a set of three tiny bones that send vibrations from the eardrum to the inner ear

ovulation the release of an ovum

ovum female sex cells produced in the ovaries
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pain receptors special cells located throughout the body (except the brain) that send nerve signals to the brain
and spinal cord in the presence of damaged or potentially damaged cells

papilla bumps on your tongue that are thought to contain tastebuds

paralysis loss of the ability to move

peripheral nervous system the part of the nervous system containing nerves that connect to the central
nervous system

photoreceptor a special cell located in your eye that is stimulated by light

pituitary gland a small gland at the base of the brain that releases hormones

pineal gland gland that produces the hormone melatonin, which can make you feel drowsy

progesterone hormone produced in the ovaries that inhibits ovulation and prepares the lining of the uterus

for pregnancy

pupil a hole through which light enters the eye

receptors chemical structures that receives and converts signals in the body

reflex arc a quick response to a stimulus that does not involve the brain (for example, knee jerk). The message
travels from receptor to sensory neuron to interneuron in the spinal cord then directly via the motor neuron to
the effector.

reticular formation a network of neurons that controls the amount of information that flows into and out of
the brain

retina curved surface at the back of the eye

rods photoreceptors located in the retina that respond to low levels of light and allow you to see in black and
white in dim light

sense organ a specialised structure that detects stimuli (such as light, sound, touch, taste and smell) in

your environment

sensory neurons a nerve cell in the sensory organs that conducts a nerve impulse from receptors to the central
nervous system

serotonin a common neurotransmitter involved in producing states of relaxation and regulating sleep and moods
somatic nervous system part of the PNS that controls voluntary movement, such as walking
stimulus-response model a system in which a change (stimulus) is detected by receptors leading to a response,
which acts to alter and return the variance to normal

synapse the gap between adjoining neurons where neurotransmitters travel

target cells cells that contain receptors on their surface which are complementary to a specific hormone
tastebuds nerve endings located in your tongue allowing you to experience taste

testosterone male sex hormone

thalamus part of the brain through which all sensory information from the outside (except smell) passes before
going to other parts of the brain for further processing

thermoreceptors special cells located in your skin, part of your brain and body core that are sensitive

to temperature

thermoregulation the control of body temperature

thyroid gland a small gland in the neck that helps regulate metabolism and growth

uterus the organ in which a baby grows and develops

vesicle a small fluid-filled, membrane-bound sac in a cell

Resources

eWorkbooks Study checklist (ewbk-12275)
Reflection (ewbk-12271)
Literacy builder (ewbk-12276)
Crossword (ewbk-12277)
Word search (ewbk-12278)

Practical investigation eLogbook Topic 2 Practical investigation eLogbook (elog-2239)

Solutions Topic 2 Solutions (sol-1136)
Digital document Topic 2 Key terms glossary (doc-40115)
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2.7 Activities learn[:]})

J 2.7 Review questions L These questions are Ny SIUE
even better in jacPLUS! {’ |
Select your pathway * Receive immediate feedback
e Access sample responses
B LEVEL 1 B LEVEL 2 B LEVEL 3 * Track results and progress
1,2, 4,6, 8, 10, 3,7,9,11,14,15,  5,12,13, 20, 23, Find all this and MORE in jacPLUS ®
16, 17, 18, 21 19, 22 24

Remember and understand

1. Construct a flow chart to show the stimulus-response model.
2. [ Identify the name given to the connections between neurons where the message is passed from one
neuron to the next.
A. Axon
B. Dendrite
C. Myelin
D. Synapse
3. Copy and complete the following table.

TABLE Stimuli, receptors and sense organs

Stimulus | Receptor [ Sense organ
Eye

Chemoreceptor

Vibrations, pressure

Thermoreceptor

4. Place the following labels in the correct places on the diagrams provided:
dendrite

Sensory neurons

cell body

effector

axon

motor neurons

Interneurons

Central f Action
nervous or
system response

Sensory

receptors

Stimulus
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5. Label each of the parts of the brain and state one of the functions of each.

6. Match the hormone with the appropriate function.

Hormone | Function

a. Anti-diuretic hormone (ADH) A. Causes reabsorption of water in kidneys

b. Glucagon B. Causes testes to produce sperm

c. Insulin C. Causes thickening of the uterine lining

d. Oestrogen D. Controls menstruation cycle and pregnancy
e. Progesterone E. Increases blood glucose levels

f. Testosterone F. Increases metabolic rate of cells

g. Thyroxine G. Lowers blood glucose levels

7. Match the terms with their appropriate description in the table provided.

Term

| Definition

a. Central nervous system A. Made up of a cell body, dendrites and axon

b. Motor neuron B. Takes messages away from the central nervous system

c. Nerves C. Takes messages to the central nervous system

d. Neuron D. Brain and spinal cord

e. Neurotransmitter E. Chemical messenger that carries messages from one
neuron to another across a synapse

f. Peripheral nervous system F. Nerves that connect the central nervous system to the rest
of the body

g. Sensory neuron G. Gap between neurons

h. Synapse H. Made up of neurons
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9.
10.
11.

Fill in the blanks to complete the following sentence:

Myelin the speed at which the can move though the neuron and hence the speed at
which the message is communicated.

Describe the relationship between the pituitary gland, the adrenal glands and adrenaline.

Explain how the release of adrenaline can increase your chances of survival.

a. ldentify three neurotransmitters in your brain that can influence how you feel and react.

b. Describe the effects that each of these neurotransmitters can have on your behaviour.

Apply and analyse

12.

13.

14.

15.
16.
17.
18.
19.
20.

a. Underline the incorrect term in each sentence and replace it with the correct term.
b. Write definitions of the incorrect words you replaced.
i. The neuron carries hormones to target cells.

ii. The master gland of the endocrine system is the adrenal gland.

ili. The brain and spinal cord make up the peripheral nervous system.

iv. Each molecule has tissues that carry out particular functions.
Ouitline the differences between each pair of terms.
a. Positive feedback and negative feedback
b. Thermoreceptor and chemoreceptor
c. Axon and dendrite
d. Hormone and neurotransmitter
e. CNS and PNS
f. Thalamus and hypothalamus
Place the terms in their appropriate position in the flow chart: cell body, axon, dendrite, stimulus

Describe the relationship between adrenaline, pituitary, adrenal cortex, heart rate, stress.

Recall three endocrine glands and hormones they produce. Describe a function of each of the hormones.

Provide an example of a negative feedback mechanism. Explain why it is important.

Compare type 1 and type 2 diabetes.

Explain how type 2 diabetes can lead to diabetic retinopathy.

m In 2020-21, one in twenty people in the Australian population (5.3 per cent) had type 2 diabetes. Rates

of type 2 diabetes increase by 10.3 per cent in people aged 55-64 and by 14.9 per cent in people aged

65-74 years.

a. The cause of type 1 diabetes is currently unknown. Research the causes of type 2 diabetes and explain
how its development can be prevented.

b. Discuss why type 2 diabetes normally develops in people later in life.

Evaluate and create

21.

22.

Construct a table to summarise the differences between the nervous and endocrine systems. Make sure you
include the name of the information each system produces, how that information is carried throughout the
body, and the speed and length of each system’s response.

Draw a flow chart that outlines what happens when you sit on a chair that has a sharp object on it. Include
both nervous and endocrine responses.
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23. The flow chart shows a series of events that may occur when you encounter a stressful event. Suggest
descriptions or labels for each of the links (shown as the blank boxes).

Stressful Pituitary Adrenocorticotropic
event gland hormone (ACTH)

Adrenal
glands

Fight or Muscles, heart Adrenaline and
jille]a)s and lungs noradrenaline

24. Explain the role of the nervous and endocrine systems in regulating body temperature and outline both
voluntary and involuntary processes involved in thermoregulation.

Fully worked solutions and sample responses are available in your digital formats.

Hey teachers! Create custom assignments for this topic

i? Create and assign Access quarantined :_— Track your
v ° unique tests and exams tests and assessments 4 5  students’ results

Find all this and MORE in jacPLUS (C)
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

2.1 Overview
® Labelling the brain (ewbk-12254)

eWorkbooks ® The brain (ewbk-12255)

* Topic 2 eWorkbook (ewbk-12238)

e Student learning matrix (ewbk-12239) Practical investigation eLogbook

® Starter activity (ewbk-12240) ® Investigation 2.3 Dissection of a mammal’s brain
(elog-2245)

Solutions ® Investigation 2.4: How good are your reflexes?
(elog-2246)

* Topic 2 Solutions (sol-1136)
Video eLessons

Video eLesson * The human nervous system (eles-2632)
* Neurons in the brain (eles-2631) * Brain cell synapse (eles-2634)
Weblink Interactivities

® Reaction time test ® A nervous response (int-0670)

® A bundle of nerves (int-0015)
® Neuron structure (int-5762)
® Labelling the human brain (int-8229)

2.2 Sense organs

eWorkbooks _

® Labelling the eye (ewbk-12243) Weblink .

¢ Labelling the ear (ewbk-12244) ° Neuroscience

* Skin (ewbk-12245) 2.5 The endocrine system

Teacher-led video

* Investigation 2.2: Dissection of a mammal’s eye eWorkbooks
(tivd-10798) * Labelling the male reproductive system (ewbk-12264)

® Labelling the female reproductive system (ewbk-12265)
® The endocrine system (ewbk-12266)
Practical investigation eLogbooks
® |Investigation 2.1: Touch receptors on your skin (elog-2241)
® Investigation 2.2: Dissection of a mammal’s eye (elog-2242)

Video eLesson
® The male endocrine system (eles-2633)

Interactivity
Video eLessons * Reproductive system (int-3032)

® Human eye anatomy and common eye defects (eles-2635) .
® Sound waves vibrations are detected by the ear (eles-2636) 2.6 Malfunctions of the nervous SyStem

Weblinks
Interactivity ® Stem cells
® Labelling parts of a human ear (int-8176) * Fight MND
e 2.7 Review
®* The human eye
2.3 Homeostasis eWorkbooks
* Topic review Level 1 (ewbk-12272)
eWorkbook * Topic review Level 2 (ewbk-12273)
¢ The stimulus-response model (ewbk-12249) ¢ Topic review Level 3 (ewbk-12274)
* Study checklist (ewbk-12275)
2.4 The nervous system * Reflection (ewbk-12271)
® Literacy builder (ewbk-12276)
eWorkbooks ® Crossword (ewbk-12277)
® Labelling a neuron (ewbk-12256) * Word search (ewbk-12278)
¢ Labelling a synapse (ewbk-12251)
¢ Labelling the reflex arc (ewbk-12252) Digital document
* The nervous system (ewbk-12253) ° Topic 2 Key terms glossary (doc-40115)

To access these online resources, log on to www.jacplus.com.au.
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3 Systems working
together

CONTENT DESCRIPTION

Compare the role of body systems in regulating and coordinating the body’s response to a
stimulus, and describe the operation of a negative feedback mechanism (AC9S9UO01)

Source: F-10 Australian Curriculum 9.0 (2024-2029) extracts © Australian Curriculum, Assessment and
Reporting Authority; reproduced by permission.

LESSON SEQUENCE

3.1 Overview

3.2 Respiratory and circulatory systems
3.3 Digestive and excretory systems
3.4 Thinking tools — Priority grids an
3.5 Review ..

SCIENCE INQUIRY AND INVESTIGATIONS

Science inquiry is a central component of the Science curriculum. Investigations, supported by

a Practical investigation eLogbook and teacher-led videos, are included in this topic to provide
opportunities to build Science inquiry skills through undertaking investigations and
communicating findings.




LESSON
3.1 Overview

Hey students! Bring these pages to life online AN qu
Watch Engage with Answer questions ',) 9
videos interactivities and check results y,

Find all this and MORE in jacPLUS (C)

3.1.1 Introduction

Like those of other multicellular organisms, your
body systems work together to keep you alive. Each
body system is made up of organs with specific
functions. An important function of your body
systems is to supply your cells with energy and
nutrients, and to remove wastes that are produced.
To achieve this, your body systems do not work
independently of each other — they work together.
This requires organisation, coordination and control.

FIGURE 3.1 Athletes rely on body systems that work
in a coordinated manner. They need to have a supply
of energy to keep them healthy and strong.

O R T AT

The nervous and endocrine systems were discussed in
topic 2. This topic will focus on the interdependence
of the circulatory system and respiratory system,

and the digestive system and excretory system. The
respiratory system allows gas exchange between cells
and your environment; the circulatory system moves
substances around and between body systems; the
digestive system breaks down food and absorbs nutrients; and the excretory system helps the body to get rid of
wastes from metabolism.

It is important to understand the none of our body’s systems work in isolation. They are all connected and they
work together. In the previous topic on the endocrine system, we learned about negative feedback mechanisms.
Consider water regulation — as we dehydrate, anti-diuretic hormone (ADH) is released and we reabsorb more
water from our blood as it passes through the kidneys. The endocrine system produces the hormone and the
excretory system reacts to this. However, other systems are also needed for the body to function efficiently.
The circulatory system is needed to deliver the hormone; the nervous system generates the feeling of thirst to
encourage us to drink; the digestive system absorbs the water from that drink; the muscular system does this
by using peristalsis, allows us to swallow the water and move it through our intestines. It requires energy to

do so, and uses oxygen provided by the respiratory system. This working together of the systems is what we
term a coordinated response to stimuli and is the basis on which complex, multi-cellular organisms are able to
survive. None of these cells, tissues or systems could survive on their own. They all rely on each other.

Resources

Video eLesson Body systems animation (eles-4171)

Watch this short animation demonstrating some of the major systems in the human body.
How many systems and organs can you recognise?
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3.1.2 Think about body systems

Is it the amount of oxygen or carbon dioxide in your blood that influences your breathing rate?

Does breathing rate differ at sea level or high in the mountains? What about during high intensity exercise?
In what form are old red blood cells excreted in faeces?

Which vitamin deficiency may result in poor blood clotting?

What’s wrong with glucose in your urine?

aghroN=

3.1.3 Science inquiry

Design an organism

Have you ever wondered what the recipe for life is? Which
ingredients would you blend together to make up a living
thing? How could this mixture result in life?

FIGURE 3.2 Grimpoteuthis, one of

the 15 species of umbrella (or dumbo)
octopuses — they live in the deep sea
Scientists have developed a whole range of different instruments in very cold water and without sunlight.
and technologies to discover more about life processes. This has
helped develop our knowledge and understanding of the structure
of living things and how they work. Investigations give us more
information about chemical processes that occur in cells and keep
living things alive.

1. a. Identify an environment in which your organism will live.
b. Describe the temperature, light intensity, water availability,
food sources and other factors that you consider to be
important to the survival of your organism.
2. Design your organism.
a. ldentify how your organism:

. obtains nutrients FIGURE 3.3 Tardigrades are half-a-
ii. obtains oxygen millimetre-long water animals that have

i, removes its wgstes. ) been found in rainforests, the Antarctic,
b. Identify how nutrients, oxygen and its wastes are transported in mud volcanoes and in the deep sea.

within its body.
c. Identify how the organism senses and responds to its
environment.

3. Draw labelled diagrams of your organism’s cells, tissues, organs
and systems. Remember to think about the function of each of
these when you are designing its structure.

4. Describe how each of your organism’s systems work together to
keep it alive.

5. Construct a model of your organism.

6. Construct a brochure that advertises what a magnificent life form
your organism is. Think about who you are advertising your
organism to. Is your target audience a zoo or a documentary
film-maker or someone else?

Resources
eWorkbooks Topic 3 eWorkbook (ewbk-12091)
Student learning matrix (ewbk-12093)
Starter activity (ewbk-12094)
Solutions Topic 3 Solutions (sol-1123)

Practical investigation eLogbook Topic 3 Practical investigation eLogbook (elog-2209)
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ewbk-12096

eles-2642

int-8233

LESSON
3.2 Respiratory and circulatory systems

LEARNING INTENTION

At the end of this lesson you will understand how the respiratory and circulatory systems work together to supply
oxygen to your cells and remove carbon dioxide from them.

3.2.1 The respiratory system and the circulatory system

The respiratory system respiratory system the body

. . . . . system that includes the lungs
The respiratory system is responsible for getting oxygen into your body and carbon and associated structures and is
dioxide, a waste product, out. This occurs when you inhale (breathe in) and exhale responsible for the gas exchange of

getting oxygen into your body and
carbon dioxide out

lungs the organ for breathing air.
Gas exchange occurs in the lungs.

(breathe out). The main organ in this system is the lungs. It is in the alveoli (the tiny
air sacs in the lungs) that gas exchange occurs (figure 3.4).

FIGURE 3.4 The human respiratory system

Organs of the respiratory system, expanded to show details

Oesophagus I N—L Epiglottis
(food pipe) ™ ‘\_:? =

= Trachea
=

E’) g

Bronchi

Lungs
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The circulatory system

The circulatory system, also called the cardiovascular system, is responsible for .

. d . body’ 1 d t h b circulatory system the body
tr.ans.portlng oxygen an nutr.lepts to your body’s cells, and wastes suc as carbon system that includes the heart,
dioxide away from them. This involves blood cells that are transported in your blood and blood vessels and is
blood vessels (arteries, veins, and capillaries) and your heart. Arteries transport responsible for circulating oxygen

. . and nutrients to your body cells
blood from the heart and veins transport blood back to the heart. Arteries are L
. . . ) . and carbon dioxide and other
muscular narrower than veins, which means blood is under higher pressure in the wastes away from them
arteries than in the veins. Capillaries are the site at which exchange of materials

with the cells occurs (figure 3.6).

The heart is actually two pumps. One side pumps oxygenated blood and the other pumps deoxygenated blood.

FIGURE 3.5 Heart and blood vessel flow chart

‘

Artery —>  Capillary —> Bodycells ——> Capillary — Vein

FIGURE 3.6 The oxygenated blood coming from the artery (red) moves into the finer capillaries where the thin
walls allow an exchange of gases into the tissues. Carbon dioxide is released from the tissues to the bloodstream
where the veins take the deoxygenated blood (blue) back to the heart and lungs.

y
- \"
¢
.
) . White blood cell
Lymph * Capillary
Smooth
Red blood cell
muscle  Tissue fluid / Smooth

muscle

Connective

tissue Connective

tissue

Tissue cells

TOPIC 3 Systems working together 127



3.2.2 Cells need energy!

Your circulatory and respiratory systems work together to provide your cells with oxygen, which is essential

for the process of making energy. This process is called cellular respiration. It involves the breaking down of
glucose so that energy is released and can be converted into a form that your cells can use. As can be seen in the
cellular respiration equation below, carbon dioxide is produced as a waste product. The carbon dioxide then
needs to be removed from your cells or it would result in their damage or death.

Cellular respiration

Cellular respiration is the breakdown of food (glucose) in the presence of oxygen, which releases energy
that can be transformed into a form that cells can use. Carbon dioxide is a waste product.

Glucose + oxygen — carbon dioxide + water + energy

EXTENSION: Details of cellular respiration

Cellular respiration actually occurs through a complex series of biochemical equations. It can be simplified as
follows:

CsH,05 + 60, — CO, + H,O + (ATP)
Glucose + oxygen — carbon dioxide + water + energy(ATP)

As this series of reactions give out energy, they are known as exergonic reactions, and the energy released is
used to produce a usable form of energy known as ATP.

3.2.3 Transport in the respiratory and circulatory systems

Transport through your circulatory system S e G

Your circulatory system is responsible for: gas in which molecules (0,) are
o . d nutrients body’ 1 made up of two oxygen atoms. It is
transport%ng oxygen and nutrients to .yOl.lr ody's cells essential for cellular respiration for
e transporting wastes such as carbon dioxide away from your body’s cells. most organisms and is a product of
o . photosynthesis.
This involves blood cells that are transported in your blood vessels and heart. The glucose a six-carbon sugar
three major types of blood vessels are: (monosaccharide) that acts as
e arteries — transport blood from the heart a primary energy supply for
. . . . many organisms
e capillaries — where materials are exchanged with cells

. carbon dioxide a colourless gas

e veins — transport blood back to the heart. in which molecules (CO,) are made
up of one carbon and two oxygen
atoms; essential for photosynthesis
and a waste product of cellular
respiration. The burning of fossil
fuels also releases carbon dioxide.
arteries hollow tubes (vessels) with
thick walls carrying blood pumped
from the heart to other body parts
capillaries minute tubes carrying
blood to body cells. Every cell of
the body is supplied with blood
through capillaries.

veins blood vessels that carry blood
back to the heart. They have valves
and thinner walls than arteries.
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Inhaling — to get oxygen into your respiratory system

Your respiratory system is responsible for getting oxygen into your body and carbon dioxide out. This occurs

when you inhale (breathe in) and exhale (breathe out).

To get oxygen into your respiratory system, you breathe in, but you actually take
in a mixture of gases (of which about 21 per cent is oxygen) from the air around
you. The air moves down your trachea (or windpipe), then down into one of
two narrower tubes called bronchi (bronchus), then into smaller branching tubes
called bronchioles, which end in tiny air sacs called alveoli (alveolus).

FIGURE 3.7 Flow chart of the human respiratory system

Nose —> Trachea ——> Bronchi —> Bronchioles —> Alveoli

Getting oxygen into your circulatory system

Your alveoli are surrounded by a network of capillaries. The alveolus wall and
capillary walls are each one cell thick, the minimum possible for oxygen and
carbon dioxide to cross by diffusion. These capillaries contain red blood cells (or
erythrocytes) that contain haemoglobin, an iron-based pigment that gives your
blood its red colour. Oxygen moves from the alveoli into the red blood cells in the
surrounding capillaries and binds to the haemoglobin to form oxyhaemoglobin. It
is in this form that the oxygen is transported to your body cells.

FIGURE 3.8 Flow chart of oxygen moving into the circulatory system

trachea narrow tube from the
mouth to the lungs through which
air moves

bronchi the narrow tubes through
which air passes from the trachea
to the smaller bronchioles and
alveoli in the respiratory system.
Singular = bronchus.
bronchioles small branching
tubes in the lungs leading

from the two larger bronchi to
the alveoli

alveoli tiny air sacs in the lungs
at the ends of the narrowest
tubes. Oxygen moves from
alveoli into the surrounding blood
vessels, in exchange for carbon
dioxide. Singular = alveolus

red blood cells living cells in the
blood that transport oxygen to

all other living cells in the body.
Oxygen is carried by the red
pigment haemoglobin.
erythrocytes red blood cells

haemoglobin the red pigment
in red blood cells that
carries oxygen

M—> Alveoli —> Capillary —> Erythrocyte —> Haemoglobin

FIGURE 3.9 In an alveolus, oxygen diffuses into the blood and carbon dioxide diffuses out of the blood.
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Transporting oxygen to your cells

Oxygenated blood travels in a path, as shown in figures 3.10 and 3.12. It travels from your lungs via the
pulmonary vein to the left atrium of your heart. From here, it travels to the left ventricle where it is pumped
under high pressure to your body through a large artery called the aorta.

The arteries transport the oxygenated blood to smaller vessels called arterioles and finally to capillaries through
which oxygen finally diffuses into body cells for use in cellular respiration (figure 3.11).

FIGURE 3.10 Flow chart of oxygen moving through the circulatory system to the body’s cells

Oxygenated

blood

Pulmonary Left atrium Left ventricle

. fi e e s Aorta — Arterioles —> Capillary —— Body cell

FIGURE 3.11 In the capillaries, oxygen diffuses out of the blood and waste produced by cells diffuses into
the bloodstream.

Capillary
(containing

/ red blood
cells)

pulmonary vein the vessel through
which oxygenated blood travels
from your lungs to the heart

left atrium upper left section of the
heart where oxygenated blood from
the lungs enters the heart

heart a muscular organ that pumps
blood through the circulatory system
so that oxygen and nutrients can be
transported to the body’s cells and
wastes can be transported away
left ventricle lower left section of
the heart, which pumps oxygenated
blood to all parts of the body

aorta a large artery through which
oxygenated blood is pumped at
high pressure from the left ventricle
of your heart to your body
arterioles vessels that transport
oxygenated blood from the arteries
to the capillaries

Blood flow
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ewbk-12098

eles-2049

int-0210

FIGURE 3.12 The path of oxygenated (red) and deoxygenated (blue) blood through the heart
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 Superior vena cava
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Body tissue cells
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Pulmonary
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Pulmonary
veins (from
lungs)

Right atrium
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: B Left side
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Transporting carbon dioxide away from your cells

When oxygen has diffused into the cell and the waste product of cellular respiration, carbon dioxide, has
diffused out of the cell into the capillary, the blood in the capillary is referred to as deoxygenated blood.

The waste-carrying deoxygenated blood travels in a path (figures 3.12 and 3.13). It is transported via capillaries
to venules (small veins) then to increasingly larger veins, before the largest veins — called the vena cava —
deliver it to the right atrium of the heart. From here it travels to the right ventricle where it is pumped to your
lungs through the pulmonary artery, so called because it is associated with your lungs. The pulmonary artery is
the only artery that does not contain oxygenated blood.

FIGURE 3.13 Flow chart of deoxygenated blood moving back to the lungs

Deoxygenated

blood

. . Right
. Venules Right atrium . Pulmonary
Capillary —> . —> Venacava — —> ventricle —-
and veins of heart of heart artery

— Lungs

Exhaling — to remove carbon dioxide from your respiratory system

To get rid of the carbon dioxide (CO,) from the deoxygenated blood, your body needs to get carbon dioxide
into your respiratory system and out of your body. Carbon dioxide in your capillaries diffuses into the alveoli
in your lungs. It is then transported into your bronchioles, then your bronchi, and then into your trachea. From
here, carbon dioxide is exhaled through your nose (or mouth) when you breathe out (figure 3.14).

FIGURE 3.14 Flow chart of carbon dioxide being released from the body

Carbon

dioxide

Alveoli —> Bronchioles —> Bronchi —> Trachea —> Nose

3.2.4 Working together

The respiratory system and the circulatory system work together to keep
your cells alive. They achieve this by providing your cells with the oxygen
required for cellular respiration and by removing its waste product carbon

deoxygenated blood blood
from which some oxygen has
been removed

venules small veins
vena cava large vein leading into

dioxide. In this lesson, you have followed the different pathways for the the top right chamber of the heart
transport of oxygenated and deoxygenated blood through blood vessels and right atrium upper right section
the heart. You have also seen where and how the exchange of oxygen and of the heart where deoxygenated
carbon dioxide occurs between the cells within the body, capillaries, and the b_IOOd from_the body e_nters )

1 li of the 1 right ventricle lower right section
alveolr of the lungs. of the heart, which pumps

deoxygenated blood to the lungs
pulmonary artery the vessel
through which deoxygenated blood,
carrying wastes from respiration,
travels from the heart to the lungs
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FIGURE 3.15 The respiratory and circulatory system work together.
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FIGURE 3.16 Connected highways — the routes for blood circulations
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INVESTIGATION 3.1

The effect of exercise on the circulatory and respiratory systems

Aim

To investigate the response of the circulatory and respiratory systems to increasing levels of
physical activity

elog-2211

Background

As the heart beats it sends a surge, or pulse, of blood through your blood vessels. The elastic walls of the arteries
stretch and then relax as each surge of blood passes through them. We can feel each pulse passing through an
artery wherever we have arteries close to the surface of the skin and can count these pulses to measure how fast
our heart is beating. This is called our ‘pulse rate’ and is recorded in beats per minute.

A strong pulse can usually be felt in either the inside of the wrist, to the outside of the two tendons running up
the inside of your arm near the base of your thumb, or in the neck, just below the hinge of the jaw. To record
your pulse you should place the tips of your first and second fingers (NOT your thumb, as there is a faint pulse in
your thumb that will interfere with your counting and give a false reading) where you can feel the pulse, count the
number of pulses in 30 seconds and then double this number to calculate the number of beats in 1 minute.

A normal resting pulse rate can be anywhere between 50 and 100 beats per minute (bpm).
Prediction

Predict what you think will happen to your pulse rate and breathing rate as you increase your level of activity.
Explain why you think this will happen.

Materials

® stopwatch
® oximeter (optional)

Method

1. Sit quietly at your desk for 2 minutes. Try to be as calm and relaxed as possible.

2. Have your partner count the number of breaths you take during the second minute and record this in your
results table. Use the oximeter to record your pulse rate (if using).

3. At the end of your 2 minutes of ‘activity’, your partner will count your breathing rate for 30 seconds. Double
this answer to get your breaths per minute and recorded it in your table.

4. In a suitable, safe, open space, such as the school yard, walk slowly for 2 minutes.

5. Repeat steps 2 and 3.

6. In a suitable, safe, open space, such as the school yard, walk briskly for 2 minutes.

7. Repeat steps 2 and 3.

8. In a suitable, safe, open space, such as the school yard, jog for 2 minutes.

9. Repeat steps 2 and 3.

0. In a suitable, safe, open space, such as the school yard, run at approximately 50 to 75 per cent of your
maximum pace for 2 minutes.

11. Repeat steps 2 and 3.

12. In a suitable, safe, open space, such as the school yard, run at full pace for 2 minutes.

13. Repeat steps 2 and 3.

Results
Record your results.

TABLE Results of investigation 3.1

Level of activity Breathing rate (breaths per minute) Pulse rate (beats per minute)

Resting

Slow walking

Fast walking
Jogging
Running

Sprinting
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Create a bar graph of your results. This could be two separate graphs for breathing rate and pulse rate, or a
single graph with two alternative y-axes and two sets of bars on the same graph.

Discussion

1. What happened to your pulse rate as you increased your level of exercise?

2. What happened to your breathing rate as you increased your level of exercise?

3. What else changed about your breathing as you increased your level of exercise?

4. Why did these changes happen? Give as full an answer as you possibly can with as many reasons as you can
think of.

5. Responding to changes in activity involves far more than just your respiratory and circulatory systems.
Research the immediate, short-term responses to exercise of the musculoskeletal, digestive, excretory,
nervous and endocrine systems.

3.2 Activities learn
3.2 Quick quiz 3.2 Exercise L These questions are S PIaC
even better in jacPLUS!
Select your pathway ¢ Receive immediate feedback
e Access sample responses
B LEVEL 1 B LEVEL 2 B LEVEL 3 ® Track results and progress

1,2,7, 11 3,4,5,10, 12 6,8,9,13 Find all this and MORE in jacPLUS ®

Remember and understand

1. Fill'in the blanks, using the following words: alveoli, bronchi, bronchioles, trachea.
When you breathe in, air moves down your then through the then through to tiny
air sacs called .

2. Fill'in the blanks to complete the sentences.
The process of cellular respiration requires and glucose, and produces energy in a form that the
cell can use and as a waste product.

3. State the word equation for cellular respiration.

4. ldentify the molecule that the respiratory system and circulatory system work together to:
a. supply to your cells b. remove from your cells.

5. a. [l Identify the name given to the blood vessel that takes oxygenated blood from the lungs to the left

atrium of your heart.

A. Pulmonary artery B. Pulmonary vein C. Aorta D. Vena cava

b. I Identify the name given to the blood vessel that takes deoxygenated blood from the right ventricle of
your heart to your lungs.

A. Pulmonary artery B. Pulmonary vein C. Aorta D. Vena cava
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6. Place the following sequence in order to show the pathway carbon dioxide travels from your body cells to

your lungs:

a. Body cell b. Capillary c. Pulmonary artery d. Right atrium
e. Right ventricle f. Vena cava g. Venules h. Lungs

i. Arterioles j- Capillary

7. a. Identify which of the following statements are true and which are false.
i. Oxygen is a product of cellular respiration.
ii. Arteries have thicker, more muscular walls than veins.
iii. Blood travels to the heart in arteries.
iv. Blood in the aorta is oxygenated.
v. Deoxygenated blood travels from your heart to your lungs in your pulmonary vein.
b. Justify any false response.

Apply and analyse
8. Label the lettered parts (A-J) in the figure.

Head

Pulmonary
artery

Carotid arteries

(great veins) Dorsal

Hepatic
portal vein

Elastic fibres
and smooth muscle

Elastic fibres
and smooth muscle

n

ﬁ

One cell thick

9. m Construct a flow chart to show how oxygen travels through the body.
10. ) Construct a flow chart to show how deoxygenated blood travels from body cells to the lungs.
11. m Construct a flow chart to show how carbon dioxide travels from the lungs to be exhaled through
the nose.

Evaluate and create

12. Use Venn diagrams to compare:

a. the right atrium and left atrium of the heart

b. the right ventricle and left ventricle of the heart

c. the left atrium and left ventricle of the heart

d. oxygenated blood and deoxygenated blood.
13. Use Venn diagrams to compare:

a. arteries and veins

b. oxygen and carbon dioxide

c. the pulmonary artery and pulmonary vein

d. the aorta and vena cava.

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
3.3 Digestive and excretory systems

LEARNING INTENTION

At the end of this lesson you will understand the importance of the digestive and excretory organs and how they

are coordinated as interdependent systems for the health of our bodies.

3.3.1 The digestive system — in we go!

The key role of your digestive system is to supply your body with the nutrients it requires to function
effectively. It breaks down food into smaller particles, which are then absorbed into your tissues and cells. There

are two types of digestion:

¢ mechanical digestion — the physical breakdown of food; it begins in the mouth as food is chewed
¢ chemical digestion — when food is broken down further into simpler compounds or nutrients used

by cells.

The pathway of the digestive and excretory system is summarised in figure 3.17.

FIGURE 3.17 Flow chart of digestion and excretion

Small Large
intestine intestine

Anus

Mouth —> Oesophagus —> Stomach —>-

3.3.2 Digestive organs — down we go!
Mouth

The whole process of digestion starts with you taking food into your mouth.

¢ Chemical digestion of some of the carbohydrates begin in your mouth
with enzymes (such as amylases) in your saliva, which are secreted by
your salivary glands. (You can test this at home — the next time you eat
a starchy food, such as pasta, bread, rice or potatoes, chew it, but don’t
swallow it. As you hold it in your mouth you should notice it starting to
taste sweet as amylase in your saliva breaks down large starch molecules
into small sugar molecules.)

e Mechanical digestion, uses your teeth to physically break down the food
then your tongue rolls the food into a slimy, slippery ball-shape called
a bolus.

digestive system a complex
system of organs and glands

that processes food in order

to supply your body with the
nutrients to cells so they can
function effectively

mechanical digestion digestion
that uses physical factors such as
chewing with the teeth

chemical digestion the chemical
reactions changing food into
simpler substances that are
absorbed into the bloodstream
for use in other parts of the body
digestion breakdown of food
into a form that can be used

by an organism. It includes

both mechanical digestion and
chemical digestion.

enzymes special chemicals

that speed up reactions but

are themselves not used up in
the reaction

saliva watery substance in the
mouth that moistens food before
swallowing and contains enzymes
involved in the digestion of food
salivary glands glands in the
mouth that produce saliva

bolus round, chewed-up ball

of food made in the mouth that
makes swallowing easier
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Oesophagus to stomach

FIGURE 3.18 The

The bolus is then pushed through your oesophagus by muscular contractions stomach is a large,
known as peristalsis. From here the bolus is transported to your stomach, which hollow muscular organ.

secretes acids and enzymes for further digestion and then temporary storage.

Stomach to small intestine

In your small intestine, more enzymes (including amylases, proteases and lipases)
turn it into molecules that can be absorbed into your body. The small intestine has
three parts: the duodenum, jejunum and ileum.

The absorption of these nutrient molecules in the small intestines has the
following features:

Food
enters

Muscular
walls

It occurs through finger-shaped villi in the small intestine (figure 3.19). Villi are
shaped like fingers to maximise surface area to increase the efficiency of
nutrients being absorbed into the surrounding capillaries. | leaves
The absorption of most nutrients into your body occurs in the jejunum, the

middle section of the small intestine.

Once absorbed into the capillaries (of your circulatory system) these nutrients are transported to cells in the
body that need them.

Undigested material continues to the large intestine where water and vitamins may be removed.

FIGURE 3.19 The finger-like villi on the walls of the small intestine give it a large

surface area that speeds up nutrient absorption. system composed of a tube

oesophagus part of the digestive

~
L UuGUUIESR

N
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connecting the mouth and pharynx
with the stomach

peristalsis the process of pushing
food along the oesophagus or small
intestine by the action of muscles
stomach a large, hollow

muscular organ that digests the
bolus and secretes acids and
enzymes for further digestion and
temporary storage

small intestine the part of the
digestive system between the
stomach and large intestine, where
much of the digestion of food and
absorption of nutrients takes place

absorption the taking in of

a substance; for example,

from the intestine to the
surrounding capillaries

villi tiny finger-like projections
from the wall of the intestine that
maximise the surface area of the
structure to increase the efficiency
of nutrient absorption. Singular

= villus

vitamins organic nutrients required
in small amounts; they include
vitamins A, B, C, D and K



SCIENCE AS A HUMAN ENDEAVOUR: Publishing research

In 1984, Professor Barry Marshall and Dr Robin Warren’s first major publication of their results into peptic ulcers
hit some hurdles. This was because, at the time, there wasn’t a great interest in their work, it wasn’t seen as
important, and they had difficulty convincing clinicians of the condition as it was believed that bacteria did not
grow in the stomach. However, with persistence, their article was published in June 1984.

In 2005, their work was validated when they received the Nobel Prize in Physiology or Medicine.

FIGURE 3.20 Peptic ulcers are caused by sores in FIGURE 3.21 Dr Barry Marhsall (left) and Dr Robin

the stomach and small intestine caused by bacteria. Warren (right)

To have a paper published in a scientific journal requires a lot of time and can cost money. To determine which
papers are published, editors check the language, what the paper is about, scientific accuracy and if the paper
meets the editorial guidelines. Once it passes this stage, the editor will pick suitable peer reviewers who have

expertise in the area to review the paper.

These reviewers will check the contents of the paper and submit a report to the editor, who will decide if the
paper needs revisions, is to be rejected or is ready to publish. This is important to ensure consistent quality so
readers understand the findings and can use the information in the paper in their own research.

Large intestine

All undigested food moves from the small intestine to the colon of the large
intestine. It is here that water and any other required essential nutrients still
remaining in the food mass may be absorbed into your body. Vitamin D
manufactured by bacteria living within this part of the digestive system is also
absorbed. Any undigested food, such as the cellulose cell walls of plants (which
we refer to as fibre) also accumulate here and add bulk to the undigested

food mass.

The rectum is the final part of the large intestine and it is where faeces is stored
before being excreted through the anus as waste.

colon the part of the large
intestine where a food mass
passes from the small intestine,
and where water and other
remaining essential nutrients are
absorbed into your body

large intestine the penultimate
part of the digestive system,
where water is absorbed from

the waste before it is transported
out of the body

rectum the final section of the
digestive system, where waste
food matter is stored as faeces
before being excreted through
the anus

anus the final part of the digestive
system, through which faeces are
passed as waste
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FIGURE 3.22 The digestive system consists of many organs that work together to supply your body with

the nutrients it requires.

Teeth. Used to bite and chew your food
to break it down into smaller pieces.

Mouth. Food and saliva are mixed;
teeth mechanically break food into
smaller pieces.

Tongue. Involved in rolling food into a
round ball (bolus) that is then pushed
to the back of your mouth to be
swallowed.

Gall bladder. Bile made in the liver is
stored here; bile breaks up fats into
droplets small enough to be transported
to the rest of the body.

Pancreas. Makes pancreatic juice,
which is alkaline (base dissolved in
water) so it neutralises the stomach
acid. Enzymes that break down
proteins, fats and carbohydrates are
also made here.

Small intestine. A tube about 6 m long.
Food moves through it by peristalsis.
The small intestine makes enzymes that
complete the digestion process. The
cells in the wall of the small intestine
release over 5 litres of mucus and water
each day. It is in the small intestine that
nutrients from now almost totally
digested food are absorbed into your
bloodstream. The blood then carries the
nutrients to all of the cells of your body.

Appendix. Plays no part in digestion in
humans. However, it is believed to play
a role in fighting some diseases.

Anus. The faeces pass through here
when you go to the toilet.
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Salivary glands. Make about 1.5
litres of saliva each day. Saliva
contains enzymes that begin
breaking down starch in food.

Epiglottis. A flap of tissue closes off
your trachea (windpipe) so that food
doesn’t go down to your lungs and
cause you to choke.

Oesophagus. Also known as the
food-pipe or gullet. It carries the
food to the stomach, using
involuntary muscular contractions
known as peristalsis.

Liver. The largest internal organ. It
makes bile, which breaks down
fats; controls blood sugar; destroys
poisons; and stores vitamin A,
vitamin D and iron.

Stomach. A temporary food storage
area, which can expand to hold
between 2 and 4 litres of food.
Muscle movements in the stomach
wall mix the food with gastric juice,
which helps to break down proteins.
The stomach also contains dilute
hydrochloric acid, which kills germs
and provides a suitable environment
for protein digestion.

Large intestine (colon).
Undigested material passes into
the large intestine. As the material
is pushed through it by peristalsis,
water, salts, and vitamins are
absorbed so that they can be
reused by the body.

Rectum. The final part of the large
intestine. This is where the faeces
are stored.



Accessory digestive organs

Figure 3.22 shows all organs connected to form the digestive system. Other important organs involved in
digestion are:

¢ pancreas — produces hormones such as insulin and glucagon which regulate the level of glucose in the
blood. It also produces enzymes such as lipases, amylases and proteases (which break down lipids,
carbohydrates and proteins respectively); these enzymes go into the small intestine to further chemically
digest food materials (figures 3.23 and figure 3.25)

e liver — the largest internal organ with many functions; in digestion it produces bile that emulsifies lipids
such as fats and oils so they can be broken down by lipases, and it plays a large role in the excretory system
(see figure 3.24).

e gall bladder — where bile is stored before it is released into the small intestine.

FIGURE 3.23 The pancreas produces enzymes FIGURE 3.24 The liver is a large organ that is like a
for digestion, and the gall bladder stores bile that chemical factory and very important for the body. It is
emulsifies lipids. part of both the digestive and excretory system.

Pancreas

Gallbladder

FIGURE 3.25 Different enzymes digest different types of nutrients. pancreas a large gland in

the body that produces and
secretes hormones such as
Digestive enzymes insulin and glucagon and

an important digestive fluid
containing enzymes

types of lipases enzymes that break fats
and oils down into fatty acids

and glycerol

amylases enzymes in saliva that

break down starch into sugar
Amylases Proteases Lipases proteases enzymes that break

proteins down into amino acids
liver largest gland in the body.

digest digest digest ; .
The liver secretes bile for
digestion of fats, builds proteins
Carbohydrates Proteins Lipids from amino acids, breaks down

many substances harmful to
the body and has many other
essential functions.

. gall bladder a small organ that
ACTIVITY: How does bile work? stores and concentrates bile

. . within the body
To understand how bile breaks down lipids add 150 mL of water to a beaker, i . .
bile a fluid made by the liver

along with 20 mL of oil and record your observations. Then add a tablespoon of and stored in the gall bladder; it
detergent, give it a gentle stir and record your observations. emulsifies fats to increase surface
area for fat digestion
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FIGURE 3.26 Digestion occurs within your digestive system in a systematic and organised manner.

Salivary
glands
enzymes
in saliva
Mouth
mechanical chemipal
digestion digestion
Oesophagus
Liver
l Stomach
Gall bladder Pancreas
pancreatic
| bile enzymes
Small intestine
chemical
l digestion
Large intestine
Rectum
Anus
Resources

eWorkbook The digestive system (ewbk-2087)

3.3.3 The excretory system — out we go!

Your excretory system removes the waste products from a variety of necessary chemical reactions. It helps
maintain the proper amount of water, nutrients and salts needed by the body. The main organs involved in human
excretion are:

142

skin — excretes salts and water as sweat

kidneys — involved in excreting the unused waste products of chemical
reactions (for example, urea) and any other chemicals that may be in excess
(including water) so that a balance within our blood is maintained

liver — involved in breaking down toxins for excretion

lungs — excrete carbon dioxide (produced by cellular respiration) when you
breathe out.
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excretory system the body system
that removes waste substances
from the body

skin external covering of an animal
body

kidneys body organs that filter the
blood, removing urea and other
wastes



Liver

Over a litre of blood passes through your liver each minute. Your liver is like a chemical factory, with more than
500 different functions. We have seen that it removes fats and oils from the blood and modifies them before
they are sent to the body’s fat deposits for storage. It also helps get rid of excess protein, which can form toxic
compounds dangerous to the body. The liver converts these waste products of protein reactions into urea, which
travels in the blood to the kidneys for excretion. It also changes other dangerous or poisonous substances so that
they are no longer harmful to the body. Your liver is an organ that you cannot live without.

FIGURE 3.27 Flow chart showing your excretory organs and the wastes they excrete.

of

Old red Carbon dioxide waste
blood cells from cellular respiration

Excess amino acids from Excess
protein reactions IIEEICENS

as as as as

Mineral Bile Carbon

Urea - ---7----------- . .

salts pigments dioxide

excretory excretory excretory excretory
organ organ organ organ
. . Liver (and large
Kidney Skin intestine involved) Lungs
excreted excreted excreted excreted
in in in in
Urine Sweat Faeces Exr;iarl ed

Kidneys
Your kidneys play an important role in filtering your blood and keeping the concentration of various chemicals

and water within appropriate levels.
nephrons the filtration and

e Each of your kidneys is made up of about one million nephrons. excretory units of the kidney
e Nephrons are tiny structures that filter your blood, removing waste products bladder sac that stores urine
and chemicals that may be in excess. ureters tubes from each kidney

e Chemicals that are needed by your body are reabsorbed into capillaries that carry urine to the bladder
urine yellowish liquid, produced

surrounding them. ! : !
. . .. in the kidneys. It is mostly water
e The fluid remaining in your nephrons at the end of its journey then travels and contains waste products from

through to your bladder via your ureters for temporary storage until it is the blood such as urea, ammonia
released as urine. and uric acid.
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FIGURE 3.28 a. Your kidneys have an important role in the excretion of wastes from your body. b. Diagram of a
ewbk-12803  nephron — each of your kidneys is made up of about a million nephrons.

eles-2644 a.

Vena cava Aorta

int-8234
Kidney: filters

the blood and
produces urine

Renal
artery

Renal
vein

~—— Ureter:
transports
urine from
kidney to
bladder
Bladder:
stores urine
" Urethra:
~—— transports urine
)L from blood to
' outside body

b. Blood Blood
without with
waste waste

Proximal

convoluted Distal
tubule convoluted
tubule

Glomerulus

Bowman’s
capsule

Collecting
duct

Loop of the
Nephron

without
waste

A\ Z4

Vein

X

Loop of Henle

Artery

- Pyramid
Urine

3.3.4 Blood and urine

Both blood and urine are mostly made up of water. Water is very important because it assists in the transport of
nutrients within and between the cells of the body. It also helps the kidneys do their job because it dilutes toxic
substances and absorbs waste products so they may be transported out of the body.

The concentration of substances in the blood is influenced by the amount of water in it. If you drink a lot of
water, more will be absorbed from your large intestine, and the kidneys will produce a greater volume of dilute
urine. If you do not consume enough liquid, you will urinate less and produce more concentrated urine.
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3.3.5 Blood and carbon dioxide

Lungs

As described in section 3.2.3, your lungs remove carbon dioxide from your body through your respiratory
system. Did you know that your body is more sensitive to changes in levels of carbon dioxide than oxygen? If
there is too much carbon dioxide in your body, it dissolves in the liquid part of blood and forms an acid. The
resulting acidic blood can affect the functioning of your body.

The amount of carbon dioxide in your blood influences your breathing rate. The level of carbon dioxide in the
blood is detected by receptors in the walls of some arteries and in the brain. If the levels of carbon dioxide in
your blood increase, your breathing rate will be increased so that carbon dioxide can be exhaled from your lungs
and passed out of your body.

If you were to climb high up a mountain, you would need time for your body to adjust. Initially you would feel
tired and out of breath because you would be restricted by the limited amount of oxygen available to your cells.
Your breathing and heart rate would increase in an effort to get more oxygen around your body. In time, your
body would begin to produce more red blood cells and hence more haemoglobin. After this, your breathing and
heart rate would return to normal.

DISCUSSION FIGURE 3.29 Climbers on very high
mountains, such as Mount Everest,
may need to use oxygen stored in
tanks.

The amount of oxygen carried by haemoglobin varies with altitude.
At sea level, about 100 per cent of haemoglobin combines with
oxygen. However at an altitude of about 13 000 metres above sea
level, only about 50-60 per cent of the haemoglobin combines with
oxygen. This is why mountain climbers sometimes find it difficult to
breathe during a climb. What would you suggest they could do to
prepare themselves before they begin their climb?

Extension: Why do some athletes train for events in the
mountainous regions?

Resources

eWorkbook Removing waste from the blood (ewbk-2089)

3.3.6 Systems working together to provide your cells with energy

We know that cells need energy. Glucose is an example of a nutrient that may

. . . . . receptors special cells that
be released from digested food. It is absorbed in your small intestine and then P P

detect energy and convert it to

taken by the capillaries to cells for use in cellular respiration. As we saw in the electrical energy that is sent to
respiratory system (section 3.2.2), glucose is combined with oxygen, and is then the brain.
broken down into carbon dioxide (a waste product that needs to be removed from cellular respiration a series of

. . . . . chemical reactions in which the
the cell) and water. During this reaction, energy in the form of ATP (adenosine chemical energy in molecules
triphosphate) is also released. ATP provides the cells with the energy needed to such as glucose is transferred into
perform many of its activities and is essential to life. ATP molecules, which is a form of

energy that the cells can use

Cellular respiration:

Glucose + oxygen — carbon dioxide + water + energy (ATP)
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This is an example of systems working together. Glucose is supplied via the digestive system and oxygen is
supplied via the respiratory system. The circulatory system transports nutrients (such as glucose) and oxygen

to your cells and removes wastes (such as carbon dioxide) from your cells. These wastes are then removed from
your body by your excretory systems. Without a supply of glucose and oxygen, cellular respiration could not
occur. Without removal of wastes, your cells may die. If your systems did not work together like they do, you

would not be able to stay alive.

3.3.7 Balancing blood glucose

Your cells need glucose to use in the process of cellular respiration to make ATP
(adenosine triphosphate) molecules. ATP is used by cells in reactions that require
energy. This glucose is obtained from the food that you eat. Glucose molecules are
transported in blood in your circulatory system to cells throughout your body.

If you have high levels of glucose in your blood:
e Special cells in your pancreas detect this and release insulin into
your bloodstream.
e Target cells in your muscles and liver receive this chemical message and glucose

is taken out of the blood and converted into the storage polysaccharide glycogen.

If the levels of blood glucose are too low:
¢ Another hormone, glucagon, is released by the pancreas.
¢ Glucagon triggers the breaking down of glycogen into the monosaccharide
glucose. This is how the glucose levels in the blood can be kept within a
narrow range.

ATP molecule used by cells in
chemical reactions that require
energy. ATP is a product of

cellular respiration.

insulin hormone that removes
glucose from the blood and stores it
as glycogen in the liver and muscles

glycogen the main storage
carbohydrate in animals, converted
from glucose by the liver and stored
in the liver and muscle tissue
glucagon a hormone, produced by
the pancreas, that increases blood
glucose levels

FIGURE 3.30 The hormones insulin and glucagon are secreted by the pancreas to control glucose levels in

your blood. This is an example of negative feedback.

b Pancreas secretes -
insulin. \
a Glucose e insulin | €
level rises above
given point. /
'
high
Blood glucose
level balanced.
f  Blood d
glucose
level rises.
glucagon LIS I
\ e Pancreas secretes

glucagon.
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CASE STUDY: Diabetes .
FIGURE 3.31 People with

Diabetes mellitus is an endocrine disorder. Features of diabetes include diabetes may need to
the following: inject insulin to control
e |t is caused by a deficiency of insulin or a loss of response to insulin in their blood glucose levels.

target cells (such as those in liver and muscle tissue). N

¢ Deficiency or loss of response to insulin results in high blood glucose levels.

® Glucose levels can become so high that it is excreted by the kidneys and
hence found in urine. Glucose in urine is one of the tests that are indicative
of diabetes.

® The higher the glucose levels, the more water will be excreted with it. This
results in the loss of large volumes of urine, which leads to persistent thirst;
this is one of the warning signs for diabetes mellitus.

There are two main types of diabetes.
1. Type 1 diabetes mellitus usually starts in childhood and is an autoimmune

disorder. In this case, the immune system mounts an attack against cells in the pancreas, destroying their
ability to produce insulin. This type of diabetes requires treatment with insulin injections.

2. Type 2 diabetes mellitus usually starts later in life and is the most common form. It is characterised by either
a deficiency of insulin or target cells that do not respond effectively to insulin. Type 2 diabetes has been linked

to hereditary factors and obesity. It is usually controlled through exercise and diet.

Insulin was developed because it was understood that type 1 diabetes destroyed islets (cells in the pancreas)
that were responsible for producing insulin, leading to a negative feedback loop that saw blood glucose levels
become high. This understanding led to researching ways to extract insulin from the pancreas without it being
destroyed or damaged in the process. In the 1920s, the extraction and testing of insulin had begun, and the first
successful human trial saw a 14-year-old boy with high blood sugar levels drop within 24 hours of receiving an

injection of insulin.

Since then, advances in technology have seen the development of insulin pens and insulin pumps to make it

easier for people with type 1 diabetes to manage their condition.

CASE STUDY: How penguins survive the winter

When food supplies are scarce, or during hibernation, an animal’s ability
to store energy reserves greatly assists its chances of survival. Penguins,
for example, use their fat reserves to provide them with energy when
required. Male emperor penguins are able to keep eggs warm for nine
weeks at a time without any food. Animals that live in cold regions also
use their fat storage ability to insulate themselves against the very cold
weather conditions. Whales and seals have a thick layer of fat cells called
blubber, which serves as an insulation layer in their cold, watery habitats.

3.3.8 Fats, feasts and famines

Fats are particularly high in energy, providing about twice as much energy as the
equivalent amount of carbohydrate or protein.

When more kilojoules of energy are consumed than required, the body tends to
store the excess energy in the liver and muscle cells as glycogen. If glycogen
stores are full and the energy intake still exceeds that required, the excess may
be stored as fat in the form of fat cells just beneath the skin.

When extra energy is required, the liver glycogen is used first, then the muscle
glycogen and finally the fat. Most people have enough fat cells stored to provide
energy for 3—7 weeks. The human body tends to hoard fat, immediately storing fat
molecules obtained from food.

diabetes mellitus a medical
condition in which the liver
cannot effectively convert glucose
to glycogen

Type 1 diabetes mellitus a
disease in which the pancreas
stops producing insulin, so the
body’s cells cannot turn glucose
into energy

Type 2 diabetes mellitus the
most common form of diabetes,
where the pancreas makes

some insulin but does not
produce enough

fats organic substances that are
solid at room temperature and are
made up of carbon, hydrogen and
oxygen atoms

TOPIC 3 Systems working together 147



elog-2213

tivd-10799

Most people should consume about 30—40 g of fat a day.

The amount of fat in your diet can have a more direct effect on weight gain than carbohydrates. Although fat
hoarding can have a negative effect on our health today, it may have increased the chances of survival of your
hunting and gathering ancestors. Recent discoveries suggest that the regulation of fat storage may be controlled
by a hormone called leptin and several genes inherited from your parents.

INVESTIGATION 3.2

Measuring the energy in food
Aim
To compare the amounts of energy stored in a range of foods

Materials

* small metal basket (used to fry food)

* samples of small biscuits, potato chips, uncooked pasta, crouton or small piece of toast
® safety glasses

e thermometer

® retort stand, bosshead and clamp

® large test tube

® Bunsen burner

® measuring cylinder

* water

® electronic balance

CAUTION

Before starting this experiment, read all the steps below and make a list of the risks associated with this
activity and how you plan to minimise these risks. Avoid using biscuits with nuts at school due to allergies.

Method

1. Use the clamp to attach the test tube to
the retort stand. ﬂ

2. Measure 30 mL of water and pour it into - o S 7
the test tube. X

3. Measure the temperature of the water.

4. Weigh the biscuit.

5. Place the small biscuit in the wire basket Burning food
and set fire to it using the Bunsen burner. | ‘4
When the biscuit is alight, put the basket Qf
containing the biscuit underneath the test \
tube. The heat released from the burning Wire basket
biscuit will heat the water. Hold the basket
under the test tube until the biscuit is
completely burned. You can tell that the
biscuit is completely burned if it is all
black and will not re-ignite in the Bunsen
burner flame.

6. Measure the temperature of the
water again.

Test tube

1

7. Repeat the steps above using the other food samples.
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Results
1. Use the table to record your results

TABLE Results of investigation

Measurement Biscuit Chip Pasta Crouton/toast
a. Mass of food (g)

b. Volume of water (mL)

c. Initial temperature of water (°C)

d. Final temperature of water (°C)

e. Increase in temperature (= d - ¢)

f. Energy in food (J) (= 4.2 x 30 x €)

g. Energy in food (kJ) (= f + 1000)

h. Energy per gram of food (kJ/g) (=g + a)

2. Calculate the amount of energy that was stored in the biscuit, using the following equation.
Energy (in joules) = 4.2 x volume of water (in mL) x increase in temperature (in °C)
3. Calculate the amount of energy per gram of food by dividing the amount of energy by the mass of the food
in grams.

Discussion

1. Why was it necessary to calculate the amount of energy per gram of food?

2. Did all the heat from the burning food go into heating the water? Explain how this might have affected the
validity of this experiment.

Conclusion

Write a conclusion to your experiment, referring back to your aim.

3.3.9 How much sugar?

To calculate how much sugar is in a can or bottle of drink you must first find the nutrition information section on
the label. A typical non-diet soft drink might contain 11.04 grams in 100 mL.

To calculate the mass of sugar in one 375 mL can of drink, use the formula below:

11.04 x volume

Mass of sugar =
100
11.04 x 375
So, mass of sugar = T =41.4g

Since one teaspoon of sugar has a mass of approximately 4 grams, divide the mass of sugar in one can of drink
by 4.
Therefore, one can of soft drink might contain more than 10 teaspoons of sugar.

41.4
—— =10.35teaspoons
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FIGURE 3.32 Sugar content of some common drinks
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DISCUSSION

Imagine being told ‘No treats for you! You will have spinach, capsicum and tomato on wholegrain bread
and no butter!” Who tells you what to eat? Should you listen? Do others really care what you put into
your mouth?

In 2006, the Victorian government decided to address the types of food that are available to school students.
One of the reasons for this was the growing concern about the number of obese children in the state. Soft drinks
containing sugar were the first to be on their no-go list. Do you think the government has the right to make such
a decision? What is your opinion on this issue?

What other lifestyle habits should the government be involved in? How should they approach this? Provide
reasons why you think they should be involved.
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ACTIVITY: Fizz and tell

The aim of this activity is to increase awareness of the amount of sugar in soft drinks and other common foods. In

this activity you will calculate the amount of sugar consumed in a week in your class, and you will analyse data.

1. Survey the class to find out:

a. how much soft drink (or other sugary food) they consume in a week (in millilitres)

b. which types of soft drinks are consumed.

Present your results in a format that can be shared with others.

3. Comment on your results. Were they what you expected or were you surprised? Were there patterns? What
other sorts of information would you like to know to further analyse the data?

4. Comment on whether your data support the following statement: ‘Almost 80 per cent of teenagers consume
soft drinks weekly, with 10 per cent drinking more than one litre per day.’

N

FIGURE 3.33 Sugar content of some common foods
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EXTENSION: More fizz and tell

This activity aims to extend your analysis of the amount of sugar consumed in a week. Here you will critically
evaluate the relationship, if any, between soft drink consumption and teenage obesity.

Consider the following statement:

‘Sugar-loaded soft drinks should be banned from all Australian schools to reduce teenage obesity.’

1. Construct a PMI chart on the statement.

2. Do you agree with this statement?

3. In the classroom, construct a human graph to show people’s opinions on the statement. Stand in positions to

indicate your feelings about the statement. For example:

e Strongly disagree (0) — stand next to the left-hand wall.

® Agree (2) — stand in the centre of the room.

e Strongly agree (4) — stand next to the right-hand wall.

Have a discussion with students standing near you to find out the reasons for their opinion.

Listen to the discussions of students in other positions.

Construct a SWOT diagram to summarise what you have found out.

Record the results of the human graph.

a. What was the most popular attitude? Suggest a reason for this.

b. What was the least popular attitude? Suggest a reason for this.

c. Do you think this attitude pattern is representative of other Australians your age? Explain.

9. On the basis of your discussions, have you changed your attitude since the start of this activity? If so, how is
it different and why?

©NOoO GO
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3.3 Activities learn

3.3 Quick quiz 3.3 Exercise L These questions are

even better in jacPLUS!

¢ Receive immediate feedback
® Access sample responses

Select your pathway

B LEVEL 1 B LEVEL 2 B LEVEL 3 * Track results and progress
1,2,3,4,10, 14, 5,6,7,11,13,15, 8,9, 12, 18, 20,
16, 22 17,19, 23, 25 21,24

Remember and understand

1. Fill in the blanks to complete the sentence. Digestion involves the breaking down of food so that

the it contains can be absorbed into your and carried to in
your .
2. Place the following organs in the correct order.
A. Anus
B. Large intestine
C. Mouth

D. Oesophagus
E. Small Intestine
F. Stomach
3. I Identify the name given to the slimy, slippery ball-shape your tongue rolls food into.
A. Bile
B. Bolus
C. Peristalsis
D. Villi
4. I Identify the name given to the muscular contractions that push food through the oesophagus to the
stomach.
A. Bile
B. Bolus
C. Peristalsis
D. Villi
5. I In which part of the digestive system does most of the absorption of nutrients occur?
A. Large intestine
B. Mouth
C. Small intestine
D. Stomach
6. Match the organs of the digestive system with their function.

a. Gall bladder A. Stores faeces
b. Large intestine B. Makes enzymes used in the small intestine
c. Liver C. Temporary storage of food and where protein digestion begins
d. Oesophagus D. Where the breakdown of starch and protein is finished
and fat breakdown occurs
e. Pancreas E. Tube that takes food to the stomach
f. Rectum F. Stores undigested food and waste and absorbs water
g. Small intestine G. Stores bile until needed by the small intestine
h. Stomach H. Makes bile, stores glycogen and breaks down toxins
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7

9.
10.
11.
12.

13.
14.

15

. Match the organs of the excretory system with their function.

Organ Function

a. Bladder A. Watery fluid produced by kidneys that contains unwanted substances

b. Kidney B. When urine moves from the bladder, through the urethra and
out of the body

c. Ureter C. Transports urine from bladder to outside body
d. Urethra D. Filters the blood and produces urine

e. Urination E. Stores urine

f. Urine F. Transports urine from kidneys to bladder

Identify examples of types of enzymes involved in the digestion of:
a. carbohydrates

b. proteins

c. lipids.

Explain why the villi in the small intestine are the shape that they are.
Identify the part of the digestive system in which water is absorbed into your body.
Is cellulose digested? What happens to it?

a. Define the term excretion.

b. List examples of organs that are involved in human excretion.
Name the unit in which energy is often measured.

Explain why your cells need glucose.

. Outline two ways in which fat storage assists the survival of animals.

Apply and analyse

16.
17.
18.

19.

20.
21.

Describe what happens when you drink a lot of water.

Suggest reasons why you can’t live without your liver.

Identify the name given to the:

a. tiny structures that make up the kidney

b. fluid that travels from your kidneys to your bladder for excretion.
Construct flow charts to show the route travelled:

a. by nutrients (for example, glucose) as they are absorbed into your body
b. by undigested food material travelling from your mouth to your anus.

c. by water in the renal artery, through the nephron to the urethra.

Is your body more sensitive to changes in carbon dioxide or oxygen levels? Explain.
Compare and contrast:

a. Type 1 diabetes and Type 2 diabetes

b. carbohydrate storage and fat storage.

Evaluate and create

22

. Use Venn diagrams to compare:

. the digestive system and excretory system
b. the small intestine and large intestine

c. ingestion and egestion

d. proteases and lipases
e
f.

Y

. cellulose and glucose
bile and enzymes
g. ureter and urethra
h. nephron and villi
i. the digestive system and respiratory system
j. the excretory system and circulatory system.
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23. m Use the table and the other information in this lesson to answer the following questions.
a. Draw two bar graphs to show the quantity of water, proteins, glucose, salt and urea in blood and
in urine.
b. Which substance is in the greatest quantity? Suggest a reason for this.
c. Which substances are found only in blood?
d. Which substances are found in urine in a greater quantity than in blood? Suggest a reason for this.
e. When would the amount of these substances in the urine become greater or less than in the blood?

TABLE Substances in blood and urine as a percentage of total

[ Substance | mblosa | _nurne |

Water 92 95
Proteins 7 0
Glucose 0.1 0
Chloride (salt) 0.37 0.6
Urea 0.03 2

24, m An investigation is being conducted to explore how the function of the circulatory and excretory systems
change during exercise.
a. Write a suitable aim for this investigation.
b. Identify the hypothesis for this investigation.
c. Describe one piece of numerical (quantitative) data and one piece of visual (qualitative) data that can
be collected.
d. Explain two factors that may lead to differences in results between different students.
e. Write a clear methodology for this investigation, with an explanation of how you will collect results.
f. Which other body systems are needed to maintain a healthy body during exercise?

25. B

Overweight or obese children aged 5-14, 2007-08 to 2017-18
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a. In 2017-2018 what percentage of children in Australia were overweight or obese?

b. Describe the trends in the incidence of childhood obesity in Australia from 2007-2008 to 2017-2018. Were
any of the changes statistically significant? (Hint: Look at the error bars on the graph provided.)

c. Based on the information given and your own knowledge, what are the advantages of maintaining a
healthy weight?

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
3.4 Thinking tools — Priority grids and matrices

3.4.1 Tell me
What is a priority grid?

A priority grid can help you prioritise or
rank ideas, choices or activities in order. It

can help you make decisions by showing the

positives and negatives or how important each
of the various ideas, choices or activities are,

compared to how difficult or easy they are to 6

finish. It can help you work out the best option

to follow and why. It can also allow you to T

compare your views and judgements
with others.

FIGURE 3.34 Priority grid

A priority grid is divided vertically and
horizontally, which divides the grid
into quarters.

e The vertical is used to rate the task.
This could be, for example, whether it
is a good result or a bad result, or if it is
important or not important.

e The horizontal is used to rate whether

it is difficult or easy to finish, or if the 1
task is urgent or not urgent.
A priority grid is also called a priorities grid

or a decision grid. FIGURE 3.35 Matrix

What is a matrix? . Feature Feature Feature Feature Feature
Topic
. ... A B @ D E
A matrix also shows the positives and

negatives of a topic. But it is used to compare

topics or activities. It does not rank them as 1 / / /
easy or difficult. It is used to compare features

v
of different topics or activities. 2 / /
e

-
N
w
IN
[&)]

6

Difficult to do
Easy to do

This allows the tasks to be ranked in order
of priority.

3.4.2 Show me s / /

How to create a priority grid.
1. Draw two continuums that cross through each other at right angles.

. Divide each line into six equal parts.

. Put a label like ‘difficult’ on the left end of the horizontal line and ‘easy’ on the right.

. Put a label like ‘high reward’ at the top of the vertical lines and ‘low reward’ at the bottom.

. Think of an activity and assess it using these two lines, placing a mark where you think it fits best.

. Compare and discuss your marked positions with those of others in your class. Share your ideas, values,
views and judgements, and listen to those of others.

AN L AW
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FIGURE 3.36 Priority grid of nursery rhymes

High reward

6 .
Aladdin
Jack climbs = rubs lamp
beanstalk 5

Difficult 6 5 4 3 2 1

3
2
Humpty Dumpty T Sleeping beauty
sits on wall 1 pricks finger

Low reward

7. After your discussions and reflections, write your final positions directly onto the grid.
You might use a priority grid to compare the outcome of different nursery rhymes.

3.4.3 Let me do it

J 3.4 Activity These questions are K3 RSk

] U iority arid t luat ¢ the foods sh even better in jacPLUS! I»f
. a. Use a priority grid to evaluate some of the foods shown « Recelve Immediate feedback. el

in flgu_re 3.37. o o * Access sample responses
b. Describe the criteria that you used to make your decisions. e Track results and progress

c. In a team, brainstorm criteria that could be used to assist you
in placing other foods on a priority grid. As a team, agree on
your criteria.

d. Construct a matrix with the agreed criteria in the first column
and a variety of foods across the top row. FIGURE 3.37 Different types of food

e. Score each of the foods using your criteria, entering your o™ S~
results in the table.

f. Use the data in your matrix to help you place these foods on a
second priority grid.

g. If you have any areas on the priority grid empty, suggest foods
that may fit there. Share your reasoning with your team.

h. Share and discuss your team grid with those of
other classmates.

Fully worked solutions and sample responses are available in your digital formats.
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LESSON
3.5 Review

Hey students! Now that it’s time to revise this topic, go online to:

Review your Watch teacher-led Practise questions with
results videos immediate feedback
Access your topic review eWorkbooks Resources
Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-12102 ewbk-12104 ewbk-12106

3.5.1 Summary

Respiratory and circulatory systems

e Multicellular organisms contain coordinated and interdependent systems that perform particular jobs within
the body.

e Systems are made up of a variety of organs, that in turn consist of many tissues that in turn are composed of
millions of cells.

e The main role of the respiratory system is to take oxygen into your body and carbon dioxide out.

e Organs of the respiratory system include the nose, trachea and lungs, which are made up of bronchi,
bronchioles and alveoli.

e Cellular respiration is the breakdown of food in the presence of oxygen to produce energy in a form cells
can use.

Glucose + oxygen — carbon dioxide 4+ water 4+ energy

* Gases in the blood are exchanged in the alveoli, which are only one cell thick.

e Oxygen moves from the alveoli into the red blood cells in the surrounding capillaries and binds to the
haemoglobin to form oxyhaemoglobin. This is known as oxygenated blood.

e Carbon dioxide diffuses out of the cell and into the capillary. This is deoxygenated blood.

e The circulatory system transports oxygen and nutrients to your body’s cells and to remove wastes, such as
carbon dioxide, away.

e Organs in the circulatory system include the blood, blood vessels (veins, arteries and capillaries) and
the heart.

e Arteries transport oxygenated blood away from the heart to the body tissues. Their walls are rigid, thicker
and muscular.

e Veins carry deoxygenated blood from body tissues to the heart. Their walls are thin and collapsible and
contain valves so that blood does not flow backwards.

e Oxygenated blood moves through the body via the pulmonary vein to the left atrium of the heart, to the left
ventricle, to aorta, to arterioles, to capillary, to the body cells.

e Deoxygenated blood flows back into the capillary to the venules, to the vena cava, to the right atrium of the
heart, to the right ventricle of the heart, to the pulmonary artery and is finally expelled.
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Digestive and excretory systems
¢ The main role of your digestive system is to supply your body with the nutrients it requires to

function effectively.

« Physical digestion is the mechanical breakdown of food. It begins in the mouth as food is chewed.

¢ Chemical digestion is when food is broken down further into simpler compounds or nutrients by
enzymes and used by cells.

e Organs of the digestive system: mouth, oesophagus, stomach, small intestine, large intestine,
rectum, anus.

e Other important organs involved in the digestive system are pancreas, liver and gallbladder.

e The three main types of enzymes are:

o amylase that digest carbohydrates

o protease that digest protein

« lipase that digest fats/lipids.

¢ The excretory system removes waste products of a variety of necessary chemical reactions.
¢ Organs involved in the excretory system are skin, kidneys, liver and lungs.

o The kidneys are involved in excreting the unused waste products of chemical reactions (for example,
urea) and any other chemicals that may be in excess (including water) so that a balance within our blood
is maintained.

e The liver is involved in breaking down toxins for excretion.

¢ Dehydration occurs to the body when we lose too much water.
e Constipation occurs when there is difficulty in releasing solid waste from the body due to insufficient water
or fibre in the diet.

3.5.2 Key terms

absorption the taking in of a substance; for example, from the intestine to the surrounding capillaries

alveoli tiny air sacs in the lungs at the ends of the narrowest tubes. Oxygen moves from alveoli into the
surrounding blood vessels, in exchange for carbon dioxide. Singular = alveolus

amylases enzymes in saliva that break down starch into sugar

anus the final part of the digestive system, through which faeces are passed as waste

aorta a large artery through which oxygenated blood is pumped at high pressure from the left ventricle of your
heart to your body

arteries hollow tubes (vessels) with thick walls carrying blood pumped from the heart to other body parts
arterioles vessels that transport oxygenated blood from the arteries to the capillaries

ATP molecule used by cells in chemical reactions that require energy. ATP is a product of cellular respiration.
bile a fluid made by the liver and stored in the gall bladder; it emulsifies fats to increase surface area for

fat digestion

bladder sac that stores urine

bolus round, chewed-up ball of food made in the mouth that makes swallowing easier

bronchi the narrow tubes through which air passes from the trachea to the smaller bronchioles and alveoli in the
respiratory system. Singular = bronchus.

bronchioles small branching tubes in the lungs leading from the two larger bronchi to the alveoli

capillaries minute tubes carrying blood to body cells. Every cell of the body is supplied with blood

through capillaries.

carbon dioxide a colourless gas in which molecules (CO,) are made up of one carbon and two oxygen atoms;
essential for photosynthesis and a waste product of cellular respiration. The burning of fossil fuels also releases
carbon dioxide.

cellular respiration a series of chemical reactions in which the chemical energy in molecules such as glucose is
transferred into ATP molecules, which is a form of energy that the cells can use

chemical digestion the chemical reactions changing food into simpler substances that are absorbed into the
bloodstream for use in other parts of the body

circulatory system the body system that includes the heart, blood and blood vessels and is responsible for
circulating oxygen and nutrients to your body cells and carbon dioxide and other wastes away from them
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colon the part of the large intestine where a food mass passes from the small intestine, and where water and
other remaining essential nutrients are absorbed into your body

deoxygenated blood blood from which some oxygen has been removed

diabetes mellitus a medical condition in which the liver cannot effectively convert glucose to glycogen
digestion breakdown of food into a form that can be used by an organism. It includes both mechanical digestion
and chemical digestion.

digestive system a complex system of organs and glands that processes food in order to supply your body with
the nutrients to cells so they can function effectively

enzymes special chemicals that speed up reactions but are themselves not used up in the reaction
erythrocytes red blood cells

excretory system the body system that removes waste substances from the body

fats organic substances that are solid at room temperature and are made up of carbon, hydrogen and

oxygen atoms

gall bladder a small organ that stores and concentrates bile within the body

glucagon a hormone, produced by the pancreas, that increases blood glucose levels

glucose a six-carbon sugar (monosaccharide) that acts as a primary energy supply for many organisms
glycogen the main storage carbohydrate in animals, converted from glucose by the liver and stored in the liver
and muscle tissue

haemoglobin the red pigment in red blood cells that carries oxygen

heart a muscular organ that pumps blood through the circulatory system so that oxygen and nutrients can be
transported to the body’s cells and wastes can be transported away

insulin hormone that removes glucose from the blood and stores it as glycogen in the liver and muscles
kidneys body organs that filter the blood, removing urea and other wastes

large intestine the penultimate part of the digestive system, where water is absorbed from the waste before it is
transported out of the body

left atrium upper left section of the heart where oxygenated blood from the lungs enters the heart

left ventricle lower left section of the heart, which pumps oxygenated blood to all parts of the body

lipases enzymes that break fats and oils down into fatty acids and glycerol

liver largest gland in the body. The liver secretes bile for digestion of fats, builds proteins from amino acids,
breaks down many substances harmful to the body and has many other essential functions.

lungs the organ for breathing air. Gas exchange occurs in the lungs.

mechanical digestion digestion that uses physical factors such as chewing with the teeth

nephrons the filtration and excretory units of the kidney

oesophagus part of the digestive system composed of a tube connecting the mouth and pharynx with

the stomach

oxygen tasteless and colourless gas in which molecules (0,) are made up of two oxygen atoms. It is essential for
cellular respiration for most organisms and is a product of photosynthesis.

pancreas a large gland in the body that produces and secretes hormones such as insulin and glucagon and an
important digestive fluid containing enzymes

peristalsis the process of pushing food along the oesophagus or small intestine by the action of muscles
proteases enzymes that break proteins down into amino acids

pulmonary artery the vessel through which deoxygenated blood, carrying wastes from respiration, travels from
the heart to the lungs

pulmonary vein the vessel through which oxygenated blood travels from your lungs to the heart

receptors special cells that detect energy and convert it to electrical energy that is sent to the brain.

rectum the final section of the digestive system, where waste food matter is stored as faeces before being
excreted through the anus

red blood cells living cells in the blood that transport oxygen to all other living cells in the body. Oxygen is
carried by the red pigment haemoglobin.

respiratory system the body system that includes the lungs and associated structures and is responsible for the
gas exchange of getting oxygen into your body and carbon dioxide out

right atrium upper right section of the heart where deoxygenated blood from the body enters

right ventricle lower right section of the heart, which pumps deoxygenated blood to the lungs

saliva watery substance in the mouth that moistens food before swallowing and contains enzymes involved in
the digestion of food

salivary glands glands in the mouth that produce saliva

skin external covering of an animal body

TOPIC 3 Systems working together 159



small intestine the part of the digestive system between the stomach and large intestine, where much of the
digestion of food and absorption of nutrients takes place

stomach a large, hollow muscular organ that digests the bolus and secretes acids and enzymes for further
digestion and temporary storage

trachea narrow tube from the mouth to the lungs through which air moves

Type 1 diabetes mellitus a disease in which the pancreas stops producing insulin, so the body’s cells cannot
turn glucose into energy

Type 2 diabetes mellitus the most common form of diabetes, where the pancreas makes some insulin but does
not produce enough

ureters tubes from each kidney that carry urine to the bladder

urine yellowish liquid, produced in the kidneys. It is mostly water and contains waste products from the blood
such as urea, ammonia and uric acid.

veins blood vessels that carry blood back to the heart. They have valves and thinner walls than arteries.

vena cava large vein leading into the top right chamber of the heart

venules small veins

villi tiny finger-like projections from the wall of the intestine that maximise the surface area of the structure to
increase the efficiency of nutrient absorption. Singular = villus

vitamins organic nutrients required in small amounts; they include vitamins A, B, C, D and K

Resources
eWorkbooks Study checklist (ewbk-12108)
Reflection (ewbk-12115)
Literacy builder (ewbk-12109)
Crossword (ewbk-12111)
Word search (ewbk-12113)
Solutions Topic 3 Solutions (sol-1123)

Practical investigation eLogbook Topic 3 Practical investigation eLogbook (elog-2209)

Digital document Topic 3 Key terms glossary (doc-40098)
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3.5 Activities learn

J 3.5 Review questions L These questions are
even better in jacPLUS!
Select your pathway * Receive immediate feedback
e Access sample responses
B LEVEL 1 B LEVEL 2 B LEVEL 3 ¢ Track results and progress
1,3,4,9, M 2,6,8) 12,18 o010 1A, 1Y Find all this and MORE in jacPLUS (®

Remember and understand

1. a. Identify whether the following statements are true or false.
i. Your circulatory and respiratory systems work together to provide your cells with carbon dioxide for
cellular respiration.
ii. Arteries transport blood to the heart whereas veins transport blood away from it.
ili. Oxygen moves from the alveoli of your respiratory system into the red blood cells in the surrounding
capillaries of your circulatory system.
iv. The left atrium of the heart contains oxygenated blood.
v. Oxygenated blood travels from your lungs via the pulmonary vein to the right atrium of your heart.
b. Justify any false response.
2. Select the appropriate terms to complete the flow chart.
oesophagus, teeth, salivary glands, stomach, large intestine, mouth, anus, small intestine, rectum, liver,
gall bladder

enzymes
in saliva
> Mouth |
mechanical chemical
digestion l digestion
l pancreatic
) enzymes
l bile
chemical
l digestion
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3. Select the appropriate terms to complete the flow charts shown below: trachea, bronchi, arterioles,
pulmonary vein, artery, left atrium, capillary, alveoli, body cells, left ventricle, capillary, vein, nose, bronchioles.

a.
Oxygen
T i
I I
! Lung i
| |
| I
| I
| |
| |
| I
1 I
b.
Heart
— —— a—  —
c.
Oxygenated
blood
_ > _— Aorta
Body cell e Capillary e

4. Match the organ with the unwanted product or waste that it excretes.

Organ Unwanted product or waste to be excreted

a. Kidney A. Bile pigments from old red blood cells
b. Liver and large intestine B. Carbon dioxide
c. Lungs C. Urea
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5. Suggest which body systems belong in each of the blank boxes in the figure.

Nutrients
Hormones O,
-~
—>
—_—
CO,
Water Wastes
balance

6. Complete the sentences to describe each body system.

Torm Mrunction

a. Respiratory To get into your body and out
system
b. Circulatory To transport and to your body
system cells, and wastes such as away from them
c. Digestive To supply your body with such as
system so that it functions effectively
d. Excretory To remove products of a variety of necessary
system chemical reactions
e. Endocrine Uses chemical messengers called secreted from special
system glands called throughout the body to control and
coordinate at both cellular and system level
f. Nervous Uses and chemical messengers called
system to control and coordinate at both cellular and
system level

7. Outline a way in which the liver is involved in digestion.
8. Describe how your:
a. cells obtain glucose
b. blood glucose levels are kept within a narrow range.
9. Explain what happens when we eat more kilojoules than we use.

Apply and analyse

10. Explain how the shapes of the following structures suit them to their function.
a. Trachea
b. Oesophagus
c. Nephrons
d. Villi
e. Alveoli
11. Suggest why a supply of water is important to your cells.
12. Describe the relationship between:
a. insulin and glucagon
b. a diet high in kilojoules and no weight gain.
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Evaluate and create

13. Describe the relationship between the respiratory, circulatory, excretory and digestive systems and
cellular respiration.
14. lIs it the level of oxygen or carbon dioxide in your blood that has the major influence on breathing rate? How
are variations in blood concentrations detected?
15. m Use the data in the table, which shows recommended energy intakes, to answer the following questions.
a. Plot a graph to show how energy needs change with age. You will need to plot two lines: one for males and
one for females. The age should be on the horizontal axis. (If a computer is available, you could
use a spreadsheet.)
b. Suggest why females seem to need less energy.
c. Suggest why you need more energy as you approach your late teens.

TABLE Recommended energy intake per age group

_ Recommended daily energy intake (kJ)
K I N T S I S

Children 5000 4800
5 7600 6800

9 9000 7900

Adolescents 12 9800 8600
13 10400 9000

14 11200 9200

15 11800 9300

Adults (height 190 cm) 18-30 12000 10600
30-60 11400 9500

over 60 9700 8800

Fully worked solutions and sample responses are available in your digital formats.

Hey teachers! Create custom assignments for this topic

'? Create and assign Access quarantined = Tiack your
- =
v ° unique tests and exams tests and assessments 4 5  students’ results

Find all this and MORE in jacPLUS @
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Online Resources

Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

3.1 Overview

eWorkbooks

* Topic 3 eWorkbook (ewbk-12091)

® Student learning matrix (ewbk-12093)
® Starter activity (ewbk-12094)

Practical investigation eLogbook
* Topic 3 Practical investigation eLogbook (elog-2209)

Solutions
® Topic 3 Solutions (sol-1123)
Video eLesson
® Body systems animation (eles-4171)
3.2 Respiratory and circulatory systems

eWorkbooks

® Labelling the human respiratory system
(ewbk-12096)

¢ Labelling the heart (ewbk-12098)

Practical investigation eLogbook

® Investigation 3.1: The effect of exercise on the circulatory

and respiratory systems (elog-2211)

Video elLessons
® Organs of the respiratory system (eles-2642)
® Blood flows through the heart (eles-2049)

Interactivites
® Beat it! (int-0210)
® Labelling the human respiratory system (int-8233)

3.3 Digestive and excretory systems

eWorkbooks

¢ Labelling the human digestive system (ewbk-12100)
® The digestive system (ewbk-2087)

® Labelling the kidneys (ewbk-12803)

* Removing waste from the blood (ewbk-2089)

Practical investigation eLogbook
® Investigation 3.2: Measuring the energy in food
(elog-2213)

Teacher-led video
® Investigation 3.2: Measuring the energy in food
(tlvd-10799)

Video eLessons
® The human digestive system (eles-2643)
® Urine formation in the kidney (eles-2644)

Interactivites
® The digestive system (int-3398)
¢ Labelling the kidneys (int-8234)

3.5 Review

eWorkbooks

* Topic review Level 1 (ewbk-12102)
* Topic review Level 2 (ewbk-12104)
* Topic review Level 3 (ewbk-12106)
® Study checklist (ewbk-12108)

® Literacy builder (ewbk-12109)

® Crossword (ewbk-12111)

* Word search (ewbk-12113)

* Reflection (ewbk-12115)

Digital document
* Topic 3 Key terms glossary (doc-40098)

To access these online resources, log on to www.jacplus.com.au.
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CONTENT DESCRIPTION

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

Source: F-10 Australian Curriculum 9.0 (2024-2029) extracts © Australian Curriculum, Assessment and
Reporting Authority; reproduced by permission.

LESSON SEQUENCE

4.1 Overview

4.2 Infectious diseases

4.3 Types of pathogens

4.4 Lines of defence

4.5 Immunity and immunisation

4.6 Outbreaks

4.7 Our noble Nobels

4.8 Thinking tools — Cycle maps and relations diagrams
4.9 Review

SCIENCE INQUIRY AND INVESTIGATIONS

Science inquiry is a central component of the Science curriculum. Investigations, supported by

a Practical investigation eLogbook and teacher-led videos, are included in this topic to provide
opportunities to build Science inquiry skills through undertaking investigations and
communicating findings.




LESSON
4.1 Overview

Hey students! Bring these pages to life online AN ’Z;
Watch Engage with Answer questions ',) 9
videos interactivities and check results /°

Find all this and MORE in jacPLUS (C)

4.1.1 Introduction

Lines of defence, ‘soldier cells’ and chemical weapons all form a part of
the amazing array of strategies used by our bodies to keep us healthy.

FIGURE 4.1 Your body has many
ways to defend itself, including
using ‘soldier cells’ such as this
neutrophil white blood cell.

Figure 4.1 shows a coloured scanning electron micrograph of a
lymphocyte (white blood cell, shown in green) engulfing a yeast cell
(shown as orange). The lymphocyte is using projections of its cytoplasm
to extend towards the yeast spore, which will be swallowed up

and digested.

In this topic we will explore how infectious diseases have shaped

the world and the medical breakthroughs that have been developed

in response to these challenges. At the heart of these medical
breakthroughs is the improved understanding of how our bodies respond
to disease.

Resources

Video eLesson The body at war (eles-4188)

Watch this light microscopy time-lapse footage of a white blood cell (entering from lower
right) sensing, moving towards, and ingesting a yeast cell (centre). The white blood cell is a
neutrophil, which are involved in defence against infections, in this case by a yeast fungus.
Indicator dye has been added to demonstrate that the white blood cell is using its lethal
oxidative ability to kill the yeast.

4.1.2 Think about the immune response

1. What is an infectious disease?
2. What are the differences between viruses and bacteria?
3. What is a parasite?
4. What is the Black Death and how does it spread?
5. Is immunisation necessary?
6. Which animal up to 10 metres long can live inside a living human body?
7. What does H5N1 have to do with birds?
8. How did COVID-19 become a global pandemic?
9. Is diabetes contagious?
10. Why are anthrax, cholera, botulism and smallpox attractive to terrorists?
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4.1.3 Science inquiry

Using stories and rituals to pass on knowledge about food safety

Throughout history, stories and rituals have been used to pass knowledge about food and nutrition from one
generation to the next.

Goldilocks and the three bears

1. Imagine that Goldilocks got sick after eating the porridge.
Suggest some reasons why this may have happened.

2. The three bears did not cover their porridge while they went for
their walk. Was this a good idea or not? Give reasons for

FIGURE 4.2 Why might it have been
dangerous for Goldilocks to eat the
bears’ porridge?

your answer. | BUT GOLDILOCKS FOOLISHLY IGNORED THE
i SCIENTIFIC DATA AND ATE THE BEARS' PORRIDGE,
3. How Iopg can porridge stay un(?overed at roon?ltemperature NOT ONLY BISRING NER LIEE WITH CROSS SPESIES
before it is dangerous to eat? Find out the spoiling time of four INFECTION, BUT ALSO POTENTIALLY UNLEASHING
AN URSINE-HOMININE MUTANT VIRUS CAPABLE
other foods. OF DEVASTATING ALL HUMAN LIFE.

4. Create your own fairytale to teach young children about
poisonous or spoiled food. Present your story as a PowerPoint
presentation, storybook, pantomime or puppet play.

Tutankhamen

Baskets of food, along with jars of wine and oil, were found in
Tutankhamen’s tomb in Egypt in 1922 (see figure 4.3). Other
Egyptian tombs contained honey that was in a well-preserved
state; when opened it retained some of its aroma. Today, most
foods have a use-by or best-before date on the packaging.
5. For three different foods, find out what might happen, and why,
if you used them well after their use-by date.
6. Sometimes canned food is unsafe to eat. Find out why. A Very Grimm Fairy'rale
7. Find out what strategies humans have to survive eating lots of
different foods, some of which may cause food poisoning.

FIGURE 4.3 Inside the tomb of Tutankhamen

Tutankhamen’s tomb in Egypt. This side chamber
contained about 600 items, including pieces of
wooden furniture, baskets of food, jars of

wine and oil.

The antechamber of Tutankhamen’s tomb, the first chamber entered, contained about 700 pieces
of furniture, a chariot (in bits) and two black and gold life-size statues either side of the entrance.
There were also jars of oil, lamps, vases, musical instruments, board games and clothing.
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Resources

eWorkbooks Topic 4 eWorkbook (ewbk-12390)
Student learning matrix (ewbk-12391)
Starter activity (ewbk-12392)

Solutions Topic 4 Solutions (sol-1137)

Practical investigation eLogbook Topic 4 Practical investigation eLogbook (elog-2299)

LESSON
4.2 Infectious diseases

LEARNING INTENTION

At the end of this lesson you will be able to compare and describe the differences between non-infectious and
infectious diseases, and understand how infectious diseases are spread and the range of strategies that can
prevent or contain their spread.

4.2.1 Classifying diseases

A human disease can be defined as being any change that impairs the function of an individual in some way; it
causes harm to the individual. Diseases can be classified as being infectious or non-infectious.

FIGURE 4.4 Diseases can be infectious or non-infectious.

Diseases

Non-infectious

Non-infectious diseases disease any change that impairs
the function of an organism in some

Non-infectious diseases cannot be spread from one person to another; they are not ,
way and causes it harm

contagious (transferred from one organism to another). Obesity, rickets and scurvy non-infectious disease a disease

are examples of non-infectious diseases that may be related to unbalanced diets or that cannot be spread from one
nutritional deficiencies. Inherited diseases such as haemophilia and cystic fibrosis and organism to another
diseases related to exposure to particular poisons or drugs are also non-infectious. virus a very simple microorganism

. . . . that infects cells and may cause
Although viruses have been implicated in some cancers (for example, cancer of the d

disease
cervix), most cancers are considered to be non-infectious diseases.
FIGURE 4.5 Non-infectious diseases include diabetes, heart disease and cancer.
Non-infectious diseases
I I I I I I I
Chemical Inherited
. Environmental 'c8 Mental e.g. Nutritional
Ageing Cancer (Metabolic) " .
L e.g. drug-related, e.g. haemophilia, e.g. anaemia,
e.g. arthritis, e.g. stomach, . e.g. lactose . )
) accident-related, . depression, colour osteoporosis,
heart disease breast, colon intolerance, : : . X
asbestos-related diabetes schizophrenia blindness, obesity

cystic fibrosis
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Infectious diseases

Infectious diseases are diseases that are contagious and are caused by a pathogen. Tapeworms, head lice, liver
flukes, fungi, protozoans and bacteria are examples of pathogens that are made up of cells and can be referred to
as cellular pathogens. Some other pathogens, such as viruses, are not made up of cells and for this reason are
sometimes referred to as non-cellular pathogens.

FIGURE 4.6 Infectious diseases in humans

Infectious diseases

Cellular pathogens Non-cellular pathogens

Animals
—— e.g. infestations of louse,
liver fluke, tapeworm

Viruses
—— e.g. influenza, measles,
AlDs, chickenpox,

COVID-19
L Fungi
e.g. thrush, tinea, ringworm
L Protozoa
e.g. giardiasis, malaria
Prions

| e.g. bovine spongiform
encephalopathy (mad cow
disease)
Bacteria
— e.g. botulism, tetanus,
tuberculosis, cholera

4.2.2 Modes of transmission

The knowledge of how infectious diseases are transmitted is important if ways to . . . )

| thei d be f d. s k . hich h b infectious disease a disease that
contro 't elr- sprea aFe to be found. Some key wa}fs in w 1c. pathogens mgy e is contagious (can be spread from
transmitted include direct contact, vectors, contaminated objects or contaminated one organism to another) and

water supplies (figure 4.7). caused by a pathogen
pathogen a disease-
producing organism

Direct contact
cellular pathogen a pathogen

Some diseases are spread by direct contact. Touching others or being touched is that is made up of cells, such as a
one way in which pathogens can be directly transferred from one person tapeworm, fungus or bacterium
to another. non-cellular pathogen a

pathogen that is not made up
of cells, such as a virus, prion

Another way is via airborne droplets that are produced when you cough, sneeze or s

talk. These droplets may contain pathogenic bacteria or viruses and may land on
objects or people around you, which may result in disease.
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FIGURE 4.7 Different ways in which infectious diseases can be transmitted

Sneezing Vectors

Ways in which
infectious Contaminated
diseases can be objects
transmitted

Coughing

Physical contact Water supply

Resources

Video eLesson Bacteria and viruses (eles-2645)

Interactivity Classifying diseases (int-5768)

Vectors

Some diseases are spread by vectors. Vectors are organisms that carry the
disease-causing pathogen between organisms — without being affected by
the disease themselves. Mosquitoes, houseflies, rats and mice are examples
of organisms that can act as vectors to spread disease.

FIGURE 4.8 Mosquitoes are
the vectors for many infectious
diseases.

Contaminated objects

While fungal diseases such as tinea and ringworm can be spread by direct
physical contact, they may also be transmitted by towels or surfaces that
have been contaminated with skin cells of an infected person.

Food poisoning is often caused by contamination of food (or food utensils)
with particular types of pathogenic bacteria called salmonella. This can
cause diarrhoea and vomiting, usually within 2-24 hours after ingestion. This is why washing your hands is so
important after going to the toilet and before touching food or being involved in food preparation.

Contaminated water

Many pathogenic organisms live in water and are carried about in it. Our domestic . .

Ivi 1y chemically treated to kill di . . . vector an organism that carries a
Wfite‘r supply is usually chemically treated to kill disease-causing micro-organisms pathogen between other organisms
within it. However, this may not be the case with water drunk directly from water without being affected by the
tanks, rivers or creeks. This water may need to be boiled before it is drunk. disease the pathogen causes

During the summer months, the Environment Protection Authority (EPA) measures
the levels of Escherichia coli (E. coli) bacteria in water in coastal beaches. The level
of E. coli in the water is used as an indicator of levels of potentially pathogenic
bacteria, as it is found in faeces.
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4.2.3 Preventing transmission of infectious disease

Preventing the spread of infectious diseases has been a challenge throughout

history. The ancient Hebrews isolated those with disease by keeping them away
from others or by sending them beyond the boundaries of the towns. In the
Middle Ages, Mediterranean people refused to allow ships to dock for 40 days

quarantine strict isolation of sick
people from others for a period of
time (originally 40 days) in order
to prevent the spread of disease

if they carried sick people. The separation of sick people from healthy people to
avoid infection was the beginning of quarantine. Unfortunately these methods
were not enough to stop large outbreaks of disease.

WHAT DOES IT MEAN?

The word quarantine is derived from the Latin word quadraginta, meaning ‘forty’. In the Middle ages, sick

people were strictly isolated for a period of 40 days in order to prevent the spread of disease.

There are a number of ways in which the spread of disease may be controlled.

FIGURE 4.9 Preventing the transmission of infectious disease

Control of infectious

disease

Clean water
Quarantine Personal Animal and supply Vaccination IETPesE] @ Food safety
. for drinking sewage Treatment
laws hygiene pest control programs standards
and and waste
cleaning

Resources

eWorkbooks Infectious diseases (ewbk-12395)
Non-infectious diseases (ewbk-12396)
4.2 Activities learn
4.2 Quick quiz 4.2 Exercise L These questions are

even better in jacPLUS!
Select your pathwa
y P y e Access sample responses

B LEVEL 1 e Track results and progress

1,5,6

M LEVEL 2
2,3,7,8, 11

W LEVEL 3
4,9,10,12

Remember and understand

1. Define the following terms and give one example for each of them.
a. Disease b. Non-infectious disease c. Infectious disease
d. Pathogen e. Contagious f. Vector

2. ldentify three differences between non-infectious and infectious diseases.

3. Explain the difference between a pathogen and a disease.

e Receive immediate feedback

Find all this and MORE in jacPLUS ®
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4. Bacteria causes tuberculosis, a virus causes Ebola and malaria is caused by a parasite. Explain why all three
are considered infectious diseases. What do these infectious agents have in common in their structures
and functions?

5. Match the type of pathogen with the infectious disease.

Type of pathogen Infectious disease

a. Animal A. Giardiasis
b. Bacteria B. Tinea

c. Fungi C. Tapeworm
d. Protozoans D. Cholera
e. Viruses E. Influenza

Apply and analyse

6. a. Media campaigns can be effective in improving our health by changing social behaviours. Explain how the
social media campaign involving the DAB, which gained popularity as a dance move, impacted coughing
etiquette and the spread of the common cold and influenza.

b. List another five ways of preventing the spread of colds and flu.

7. The flow chart provided describes how disease can be spread by sneezing. Construct similar flow charts to

show three other ways in which diseases can be spread.

Some infectious diseases can be spread from one person to another via a sneeze.

Infected Pathogens Pathogens Person

infected

person released inhaled by
sneezes into air uninfected person

Evaluate and create

8. m Study the pie chart provided. It shows the main causes of death worldwide in 2002.

a. State the percentage of people who died from infectious diseases:
i. worldwide
ii. in low-income African and Asian countries.

b. Suggest why there is such a large difference in the percentage of people who died from infectious disease
between wealthier countries and poor countries.

c. State the percentage of children who died before the age of five of infectious diseases. Suggest why this figure
is so high. (Hint: Think about the other main causes of death and who they are likely to affect.)

d. Draw a column graph to represent the data shown in the pie chart.

e. If the same data was collected in 2020 and a similar graph was drawn, how do you think the two graphs would
differ? Give reasons for your answer.
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Main causes of death worldwide in 2002

Other (5%)

Maternal conditions (5%)

Injuries (9%)

Cancer (13%)

Infectious diseases (19%: 45%
in low-income African and
Asian countries; 63% among
children under 5 globally)

Cardiovascular
disease (29%)

Respiratory and digestive
conditions (20%)

9. Which pathogen is the most common cause of food poisoning due to consumption of undercooked chicken?
What symptoms are observed? How many hours after consumption does it take for the onset of symptoms?

10. m Predict social or ethical issues that might arise in designing policies for disease prevention.

11. Describe the most common illness suffered by overseas travellers.

12. Suggest practical methods for avoiding traveller’s diarrhoea. Consider as many influences — such as drinking

water, the impact of water on food production and food preparation — as you can.

Fully worked solutions and sample responses are available in your digital formats.

LESSON
4.3 Types of pathogens

LEARNING INTENTION

At the end of this lesson you will be aware that not all microorganisms cause disease, be able to describe the
difference between cellular and non-cellular pathogens, be able to provide examples of some different types of
pathogens that exist and be able to describe how pathogens can cause diseases in a host.

4.3.1 Microbiome — good bacteria

We do not live alone! There are trillions of microorganisms that live on us and

in us, our microbiome. There are more of them than our own cells. We need

them and they need us to survive. They even play a role in defending us from
attack from outside invaders. Our microbiome is continually changing and no

two people have the same microbiome. Development of our microbiome begins

at birth, with the bacteria that colonises our intestines, and these are considered
the normal gut flora. This gut flora varies depending upon whether the birth was a
vaginal birth or a caesarean section, and is continued to be influenced by whether
the baby is breast or bottle fed. We depend on our gut bacteria to obtain vitamins
K and B.

microbiome the community of
microorganisms (such as bacteria,
fungi, and viruses) living together
in a particular habitat

gut flora bacteria and other
organisms that live inside the
intestines and help digest food
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Other factors that change our gut flora include:

¢ antibiotics — using antibiotics destroys both
pathogical and beneficial microbes, which can
promote the growth of other pathogens

e the environment in which we live (rural, city,
developing countries)

e diet — vegetarian diets are associated with
healthy diverse gut microbiota. Diets high
in sugar can slow the production of proteins,
which inhibits the growth of beneficial gut
microbes. Many people now choose to boost
their gut flora by consuming probiotics, which
are living organisms. Prebiotics can also be
beneficial. These promote the activity or
structure of the current gut microbiota.

Bacteria do not live only in our gut, but all over our bodies. The skin under your

armpits contains more than two million bacteria per square centimetre. The unpleasant

smell is caused not by the bacteria themselves, but is the result of the bacteria
breaking down the proteins in your sweat. The bacteria in your armpits can prevent
pathogenic bacteria from colonising, and so keep you healthy.

4 3.2 Parasites

Some relationships between organisms may provide one with resources and cause
harm to the other. An example of this relationship is that of a parasite and its host.

The organism that a parasite lives in or on is referred to as its host. The life cycle of
parasites can involve one or more hosts. The primary host is the organism used for
the adult stage and the intermediate host (or secondary host) is used for the larval
stage (figure 4.11).

Parasites can be classified according to the part of your body in which they live.
¢ Endoparasites: parasites that live inside your body.
e Ectoparasites: parasites that live outside your body.

FIGURE 4.10 Gut probiotic bacterium inside small
intestine and digestive microflora inside the bowel

parasite organism that obtains
resources from another organism
(host) that it lives in or on, and can
cause harm to

host organism living in a relationship
with another organism

primary host the organism that

a parasite lives in or on in its

adult stage

intermediate host the organism
that a parasite lives in or on in

its larval stage; also known as
secondary host

endoparasite parasite that lives
inside the body of its host organism
ectoparasite parasite that

lives outside the body of its

host organism

FIGURE 4.11 The organism in which the parasite completes some part of its life cycle is referred to as its host.

Primary host

Adult
Stage of parasite

Larval
Stage of parasite

Intermediate
(secondary)
host

176 Jacaranda Science Quest 9 Australian Curriculum Fourth Edition



Some parasites can harm their hosts and cause disease;
these parasites are also considered to be pathogens.
However, not all parasites kill their hosts. It’s probably
a very good idea if they don’t, because they rely on \
their host for resources. Both animals and plants carry

parasites; for example, fleas are a parasite that can be

found living within the hair of a dog (figure 4.12).

FIGURE 4.12 Flea living in dog hair

4.3.3 Non-cellular pathogens

Infectious diseases are caused by pathogens. Pathogens may be cellular (made up of cells) or non-cellular.
e Cellular pathogens include disease-causing bacteria, protists, fungi and animal.
e Non-cellular pathogens include prions, viruses and viroids.

Non-cellular pathogens are considered to be non-living, as they are unable to viroid non-cellular pathogen

undergo independent replication. In order to replicate, they must gain entry into comprised solely of a short

a host cell circular RNA without a

' protein coat

Prions prion an abnormal and infectious
protein that converts normal

Prions are non-cellular pathogens. The word prion is derived from the terms proteins into prion proteins

protein and infection. They are abnormal and infectious proteins that can convert transmissible spongiform

your normal protein into prion protein. When cells containing prions burst, more e () 8

. . . . . degenerative neurological disease
of these infectious proteins are released to infect other cells. The bursting of these caused by prions

cells can also result in damage to the tissues of which they are a part.

Prions are thought to be responsible for degenerative neurological diseases. These diseases are also called
transmissible spongiform encephalopathies (TSE). The term spongiform is included because of the tiny holes
that result from the bursting of infected cells, giving the brain a spongy appearance. Examples of these diseases
include kuru, Creutzfeldt-Jakob disease (CJD) and bovine spongiform encephalopathy (BSE).

FIGURE 4.14 Brain tissue infected with Creutzfeldt-

FIGURE 4.13 Comparison between i ;
Jakob disease has a ‘spongy’ appearance, showing

a normal prion protein and the
disease-causing abnormal prion protein

PrP° PrP S¢
is a normal protein the disease-causing form of the
prion protein

L « W% R o f®

BSE is commonly known as ‘mad cow disease’ because of the nervous or aggressive behaviour observed in
infected cows. Mad cow disease was first discovered in the United Kingdom in 1986. Hundreds of thousands
of cattle were destroyed when it was discovered that humans could become infected with this disease (giving
them CJD) by eating meat from infected cows.
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Viruses

Viruses are another example of non-cellular pathogens. Viruses are so small that they can only be seen with
very powerful electron microscopes. Viruses come in many shapes and sizes (figure 4.15); however, all viruses

contain the following features (figure 4.16):
e genetic material (DNA or RNA)
e protein coat (capsid).

Scientists debate whether viruses should be called living things, as they are
obligate intracellular parasites. This means that they need to infect a host cell
before they can reproduce; they cannot do it on their own (figure 4.17). As viruses
cause damage to their host cell in the process, they are also classified as pathogens.
Examples of infectious diseases caused by viruses include warts, rubella, mumps,
poliomyelitis, influenza, AIDS, SARS-CoV-2 (the virus that causes COVID-19) and
the common cold.

FIGURE 4.15 Viruses come in many shapes and sizes.

DNA (deoxyribonucleic acid) a
substance found in all living things
that contains genetic information
RNA (ribonucleic acid) complex
compound that functions in cellular
protein synthesis and replaces DNA
as a carrier of genetic codes
obligate intracellular parasite a
parasite that needs to infect a host
cell before it can reproduce

FIGURE 4.16 The influenza virus consists of

RNA surrounded by protein and lipid layers. It is
not cellular.

Neuraminidase

RNA fragments

FIGURE 4.17 This cycle depicts how a virus
is spread.

New viruses
are released.
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Host cell makes

Airus sheds its
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many copies of
virus.

Haemagglutinin
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4.3.4 Cellular pathogens

Bacteria

Disease-causing bacteria are cellular pathogens that consist of a single cell. They can be classified on the basis
of their cell shape, the organisation of colonies of bacteria and the presence or absence of structures (such as a
flagellum) or particular chemicals in their cell wall. Some examples:

e Coccus — a spherical bacterium (for example, staphylococcus)

¢ Bacillus — a rod-shaped bacterium

e Spirochaete — a spiral-shaped bacterium

Diseases caused by bacteria include tetanus, pneumonia, food poisoning, gastroenteritis, cholera, gonorrhoea,
leprosy, tetanus, scarlet fever, whooping cough, meningitis and typhoid.
FIGURE 4.18 Some types of disease-causing bacteria FIGURE 4.19 Streptococcus bacteria

Spherical bacteria (cocci)

%@é@%@

Staphylococcus Streptococcus Diplococcus
(boils) (sore throat) (sore throat)

Rod-shaped bacteria (bacilli)

F(

Bacillus anthracis Bacillus typhosus
(anthrax) (typhoid fever)
Spiral bacterium (spirillum) 2
Treponema Vibrio
(syphilis) (cholera)

CASE STUDY: Leprosy
FIGURE 4.20 Leprosy may cause

Leprosy is rare in Australia, where it is known as Hansen’s disease.  gjsfigurement or deformities in

It is caused by Mycobacterium leprae, a rod-shaped bacterium, severe cases.

and is a contagious disease that affects the skin, mucous

membranes, and nerves, causing discolouration and lumps on

the skin and, in severe cases, disfigurement and deformities.

Leprosy is now mainly confined to tropical Africa and Asia. This

disease is transmitted through droplets expelled by sneezes and

coughs or by coming in contact with nasal fluids on surfaces.

Leprosy is curable with multidrug therapy, which involves treatment
with two or more antibiotics over a period of around 6 months. In
the past 20 years, 16 million people worldwide have been cured

of leprosy.
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SCIENCE AS A HUMAN ENDEAVOUR: Pasteurisation

Did you know that it is illegal for raw cow’s milk to be sold in Australia for human consumption? This is because
raw milk can contain dangerously high levels of bacteria such as Brucella, Campylobacter, Cryptosporidium,
E. coli, Listeria and Salmonella, which can pose serious health risks.

Pasteurisation was first developed by Louis Pasteur in 1864. It kills harmful microorganisms responsible for such
diseases as listeriosis, typhoid fever, tuberculosis, diphtheria, Q fever and brucellosis. Pasteurisation makes
sure that milk is safe to drink (by killing any bacteria) and also helps to prolong its shelf life. The process of
pasteurisation involves heating milk to 71.7 °C for at least 15 seconds, and no more than 25 seconds. Once the
milk has been heated, it is then cooled very quickly to less than 3 °C. Unlike sterilisation, pasteurisation does not
kill all microorganisms and their spores.

Protozoans

Parasitic protozoans are single-celled organisms that are usually found within their host’s body. Infectious
diseases caused by protozoans are common in tropical regions. Examples of diseases caused by protozoans
include head lice, malaria (see the case study), amoebic dysentery and African sleeping sickness.

Fungi

Fungi belong to one of the biggest groups of organisms. They include some that

. . fungi organisms, such as
are large, such as toadstools, and others that are microscopic, such as the moulds .

mushrooms and moulds —

that grow on bread. Many fungi are parasites, feeding on living plants and animals, some help to decompose dead

including humans. This often results in disease. or decaying matter and some
cause disease

Common human diseases caused by fungi are tinea or athlete’s foot, thrush and moulds types of microscopic

ringworm. Some fungi live in the mouth, the vagina and the digestive system at all g:f}giofg:”d growingjon the surface

times, without causing harm. However, if resistance to disease is low, the fungi in
these places can become active and cause problems such as thrush.

FIGURE 4.21 Two forms of fungi: a. mould (growing on an orange) b. athlete’s foot (tinea)
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Worms and arthropods

Larger parasites include endoparasites such as tapeworms, roundworms and liver flukes, and ectoparasites such
as ticks, fleas and lice.

Tapeworms (figure 4.22) are the largest of the parasites that feed on the human body and can be up to

10 metres long! They have hooks and suckers to keep a firm hold on your intestine. Tapeworms don’t have to
worry about finding a mate. When they are reproductively mature, their end segment, which is full of eggs, along
with their host’s faeces, moves on to its next host.

Did you get an itchy bottom at night when you were little? You probably had a roundworm infection such as
threadworm or pinworm. Although these worms usually live in the large intestine, when ready to lay her eggs
the female worm moves down to lay them on the moist, warm skin of your anus. The sticky material they are
covered with irritates your skin so that you scratch it, picking up some eggs in your nails. Better remember to
wash your hands before you eat!

FIGURE 4.22 a. The head of a tapeworm showing its hooks and suckers b. A pork tapeworm with hooks that
cling to the digestive track of the host

TABLE 4.1 Some common parasites that are also pathogens

Parasite Condition caused Source of infection
Amoeba Amoebic dysentery Contaminated food and drink
Malarial parasite Malaria Bite from infested mosquito
Tapeworm Tapeworm Raw or poorly cooked meats
Blood fluke Schistosomiasis Contaminated water
Tick Skin infestation Tick-infested areas
Louse Pediculosis Contact with human carrier, bedding, clothing
Flea Skin irritation Animal and human carriers
Resources

Video eLesson Human head lice on human hair (eles-2646)
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CASE STUDY: Malaria

How do you catch malaria?

You catch malaria by being bitten by a female Anopheles mosquito that has been infected by the Plasmodium
parasite. The parasite moves into the salivary glands of the mosquito and is passed into your bloodstream when
it bites you.

FIGURE 4.23 Malaria transmission cycle
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How dangerous is malaria?

In 2017, the World Health Organization estimated that malaria caused 435 000 deaths worldwide. It is one of the
most serious public health problems worldwide. It is a leading cause of death and disease in many developing
countries, where pregnant women and young children are most affected. An infected mother can transmit the
malaria parasite to her unborn child through the placenta.
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FIGURE 4.24 Countries with malaria are decreasing, but 92 countries and 3.4 billion people are estimated
to be still at risk.

One or more cases in 2017 mm Certified malaria free since 2000
Zero cases in 2017 [ 1No malaria
Bl Zero cases (>3 years) in 2017 Not applicable

How do you know if you have malaria?

Most people have high fevers, aches, pains, shivering and night sweats. Fatigue, low blood-cell counts and
yellowing of the skin and whites of the eyes (caused by jaundice) may also result. Severe complications include
cerebral malaria, anaemia and kidney failure, and can often result in death.

What causes malarial night sweats?

Once inside your body, malaria parasites grow and multiply first in your liver cells and then in your red blood
cells. Successive broods of malaria parasites grow inside your cells until your red blood cells burst open and are
destroyed. The new malaria parasites (or merozoites) seek other cells to infect and destroy. This causes

night sweats.

What’s new in malaria research?

In Australia, teams led by Professor Alan Cowman at the Walter and Eliza Hall Institute of Medical Research have
studied how the malaria parasite uses genetic trickery to evade our immune systems. They have developed a
novel class of compounds that target multiple stages of the parasite’s life cycle, and may overcome existing
drug resistance. In preclinical testing, the drug slowed growth of the parasite in the host, and also prevented
transmission of the parasite back to mosquitoes. The R21 malaria vaccine is being rolled out in 2023 by the
World Health Organization (WHO) to at least 250 000 children in Burkina Faso, Africa, which has the highest rate
of malaria.

Watch out for the mozzies!

Mosquitoes are not only vectors for the malaria parasite, but can also transmit elephantiasis, dengue fever, yellow
fever and Japanese encephalitis. That is why it’s important to use insect repellents and bed nets to help prevent
being bitten!

Resources

Weblinks Malaria life cycle Part 1: Human host
Malaria life cycle Part 2: Mosquito host
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INVESTIGATION 4.1

Microbes
Aim
To investigate the types of microbes in the air of the laboratory

Materials
® prepared agar plate
® marking pen
¢ sticky tape
Background
Agar is a jelly-like material made from seaweed. It provides a source of nutrients for microbes.

Health and safety guidelines

Do not open the tape seals after incubation and wash your hands thoroughly after making
your observations.

Method

. Take the lid off the agar plate to expose the agar to the air in your laboratory for about 5 minutes.

. Seal the lid on the agar plate carefully, using the sticky tape.

. Give the plate to your teacher to incubate at about 35 °C for two days.

. After two days examine your incubated plate and record your observations. Note: Do not open the plate seals.
. Give the unopened plates back to your teacher for proper disposal.

aOprON =

Results

1. Sketch your plate again after it has been incubated for 2 days.
2. Describe the general appearance, colour, size and shape of the groups or colonies on the agar plate.

Discussion

1. What can you conclude about the air in your science laboratory?

2. Do you think that the air in other parts of your school would be different? Explain.

3. Discuss the risks that could be associated with the experiment and ways to reduce these risks.

4. Formulate your own question or hypothesis about microbial growth, and design an experiment that could be
used to investigate it. Include an explanation of your choice of variables and required specific
safety precautions.

Conclusion
What can you conclude about the microbes in your school laboratory?
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4.3 Activities learn

4.3 Quick quiz 4.3 Exercise L These questions are LB
? P S

Select your pathway

even better in jacPLUS!

e Receive immediate feedback
e Access sample responses

B LEVEL 1 B LEVEL 2 B LEVEL 3 e Track results and progress

Remember and understand

1.

Distinguish between:

a. pathogens, antigens and hosts

b. prions, viruses and bacteria

c. parasites, endoparasites and ectoparasites.

Our microbiome consists of trillions of microorganisms that live in us and on us. The bacteria that colonised
the intestines after birth are important for development and function and are considered the normal flora of
the gut. We depend on our gut bacteria to obtain vitamin K and vitamin B.

a. Where do we obtain the bacteria that colonise our gut?

b. Are any two people’s gut microbiomes identical? Justify your response.

c. Suggest factors that influence the composition of our gut microbiota over our lifetime.

Describe how our human microbiome protects us from pathogen attack.

Compare the ways in which viruses and bacteria reproduce by placing Yes or No in the table.

Feature Bacteria Virus
Invade host cell to reproduce

Reproduction results in new cells
Contain DNA or RNA
Can only reproduce inside host cell using host cell machinery

a. State the cause of leprosy and describe how it is transmitted.

b. Is leprosy curable today? Justify your response.

a. Explain why many biologists consider viruses to be non-living.

b. Explain why the cell that is invaded by a virus is called a host cell.

Apply and analyse

7.
8.
9.

10.

11.

Construct a cycle map to show how prions replicate.

Explain why most milk is pasteurised rather than sterilised.

Describe the relationship between mosquitoes and malaria. Is there a vaccine to protect against contracting
malarial disease?

After taking medication, antibiotics or being ill, people are often advised to eat yoghurt or other probiotics.
Explain why yoghurt can be beneficial. Suggest some other foods that might be recommended and

justify why.

The skin under your armpits contains more than two million bacteria per square centimetre.

a. Explain why they do not cause disease more often.

b. Explain what would happen if the same bacteria entered your bloodstream through a cut.

Evaluate and create

12
Fu

. Explain why it is a good idea to read up on protozoans before you travel to tropical climates.

lly worked solutions and sample responses are available in your digital formats.

TOPIC 4 The immune response 185



LESSON
4.4 |_ines of defence

LEARNING INTENTION

At the end of this lesson you will be able to identify the various chemical and physical barriers in the body’s first
line of defence, describe the process of inflammation and phagocytosis as a second line of defence, and outline
the importance of B and T lymphocytes and the lymphatic system in the third line of defence.

4.4.1 Antigens

All cells from organisms contain molecules on their surface called antigens. Each
antigen is unique, which allows our body to recognise antigens as being self or non-
self (foreign) to your body. Non-self antigens trigger an immune response.

antigen a substance that triggers an
immune response

FIGURE 4.25 Antigens (seen in red) on the surface of a virus

4.4.2 First line of defence

Pathogens can cause disease, preventing or stopping your body from working well. A healthy body helps you to
defend yourself against infectious disease by setting up natural barriers, or lines of defence. The first and second
lines of defence are described as 