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OVERVIEW

Jacaranda Science Quest 9 Victorian Curriculum Revised Edition has been completely revised to help teachers
and students navigate the Victorian Curriculum Science syllabus. The suite of resources in the Science Quest
series is designed to enrich the learning experience and improve learning outcomes for all students.

Science Quest is designed to cater for students of all abilities: no student is left behind and none is held back.
Science Quest is written with the specific purpose of helping students deeply understand science concepts.
The content is organised around a number of features, in both print and online through Jacaranda’s learnON
platform, to allow for seamless sequencing through material to scaffold every student’s learning.

Topic TOPIC 1
introductions Science is ...
put the topic
into a real-world
context.

1.1 Overview

Start each topic
with an engaging
Discussion point.

Visit your learnON
title to watch videos.

- learn[Z11) resounces — o
] Gomplote this digital doc: Workshoet 2.5 Th s
4 Ty out this Interactivity: Reproductive system (n1-302)

O e
The learning g
sequence at a Ly
glance

2.7 Plant hormones at work

An extensive glossary
of science terms in
print, and as a hover-
o ks e e e e et i, 0 over feature in your

X tpeer learnON title

e produced and

BRESEIE vne

11.2 It always starts with a question
“That's what scientifc research i all about — questions such as

ins are produced and released. These auxins travel
e light to grow longer than those on the other side.

Individual pathway

worksheets in

Your FREE )
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available online.

understanding

Discuss and explain
1. How do you think the

Carefully graded
questions cater for
all abilities.
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learn

LearnON is Jacaranda’s immersive and flexible digital learning platform that transforms trusted Jacaranda
content to make learning more visible, personalised and social. Hundreds of engaging videos and inter-
activities are embedded just where you need them — at the point of learning. At Jacaranda, our ‘learning
made visible’ framework ensures immediate feedback for students and teachers, with customisation and
collaboration to drive engagement with learning.

Science Quest contains a free activation code for learnON (please see instructions on the inside front cover),
so students and teachers can take advantage of the benefits of both print and digital, and see how learnON
enhances their digital learning and teaching journey.

learn

includes:

Students and teachers connected in a class group

Hundreds of videos and interactivities to
bring concepts to life

Fully worked solutions to every question
Immediate feedback for students
Immediate insight into student progress and
performance for teachers

Dashboards to track progress
Collaboration in real time through class
discussions

Comprehensive summaries for each topic
Dynamic interactivities help students
engage with and work through
challenging concepts.

Formative and summative assessments
And much more ...
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PREFACE

To the science student

Science is both a body of knowledge and a way of learning. It helps you to understand the world around
you: why the sun rises and sets every day, why it rains, how you see and hear, why you need a skeleton and
how to treat water to make it safe to drink. You can’t escape the benefits of science. Whenever you turn on
a light, eat food, watch television or flush the toilet, you are using the products of scientific knowledge and
scientific inquiry.

Global warming, overpopulation, food and resource shortages, pollution and the consequences of the use
of nuclear weapons are examples of issues that currently challenge our world. Possible solutions to some
of these challenges may be found by applying our scientific knowledge to develop new technologies and
creative ways of rethinking the problems. It’s not just scientists who solve these problems; people with an
understanding of science, like you, can influence the future. It can be as simple as using a recycling bin or
saving energy or water in your home.

Scientific inquiry is a method of learning. It can involve, for example, investigating whether life is pos-
sible on other planets, discovering how to make plants grow faster, finding out how to swim faster and even
finding a cure for cancer. You are living in a period in which knowledge is growing faster than ever before
and technology is changing at an incredible rate.

Learning how to learn is becoming just as important as learning itself. Science Quest has been designed
to help you learn how to learn, enable you to ‘put on the shoes of a scientist’ and take you on a quest for
scientific knowledge and understanding.

To the science teacher

This edition of the Science Quest series has been developed in response to the Australian curriculum for
Science. The Australian curriculum focuses on seven General capabilities (literacy, numeracy, ICT com-
petence, critical and creative thinking, ethical behaviour, personal and social competence, and intercultural
understanding). The history and culture of Aboriginal and Torres Strait Islanders, Australia’s engage-
ment with Asia, and sustainability have been embedded with the general capabilities where relevant and
appropriate.

Science Quest interweaves Science understanding with Science as a human endeavour and Science
inquiry skills under the umbrella of six Overarching ideas that ‘represent key aspects of a scientific view
of the world and bridge knowledge and understanding across the disciplines of science’.

The Australian Science curriculum provides the basis for the development of a Science curriculum in
schools throughout Australia. However, it does not specify what you do in your classroom and how to
engage individual classes and students.

We have attempted to make the Science Quest series a valuable asset for teachers, and interesting and
relevant to the students who are using it. Science Quest comes complete with online support for students,
including answers to questions, interactivities to help students investigate concepts, and video eLessons
featuring real scientists and real-world science.

Exclusively for teachers, the online Science Quest teacher resources provides teaching advice and
suggested additional resources, testmaker questions with assessment rubrics, and worksheets and answers.

Graeme Lofts and Merrin J. Evergreen
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TOPIC 1
Science is ...

1.1 Overview

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

1.1.1 Think about science assess[]])

* How do all scientific investigations begin? 1
* Which great medical discovery was helped J L ol

|
along by a single teardrop?
* Why is planning so important to a scientific
investigation?

* Where do you go to research the topic of a scientific investigation?

e 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?

LEARNING SEQUENCE
1.1 Overview 1
1.2 Scientists through the ages 3
1.3 Accidents and observations 5
1.4 A question of ethics 7
1.5 Your own investigation 10
1.6 Case study 17
1.7 Using spreadsheets 20
1.8 Using data loggers 25
1.9 Using databases 29

1.10 Visual thinking tools 32

1.11 Review 35

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

1.1.2 It always 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?
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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.
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?

When do you perform at your best?

INVESTIGATION 1.1

What can | investigate?

¢ 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.

* 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.

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

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

Scientific understanding, including theories and models (like this one of DNA made by Watson and Crick), is
contestable and refined over time.
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1.2 Scientists through the ages

Science as a human endeavour

1.2.1 Stepping stones

When you think of scientists, what image do you have in your mind? Albert Einstein? Marie Curie? Or do
you have a picture of a small, absent-minded man wearing a lab coat — without hobbies, without friends
and with no personality. Unfortunately, that’s often the way scientists are portrayed 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 ques-
tion “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 phi-
losophers. 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.

Although the ideas of the ancient Greek philosophers were limited by a lack of technology, they pro-
vided 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 fourteen years after the death of Democritus, reasoned that all matter was com-
posed 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.

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.

learn RESOURCES — ONLINE ONLY

Watch this eLesson: Australia’s top scientists (eles-1079)

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 impor-
tance of accurate observations and mathematical analysis. In fact, Galileo is
described by many scientists and historians as the founder of the scientific
method.

Galileo Galilei
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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

* William Harvey (1578-1657), who used scientific methods to discover how blood circulates through the
human body

* 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

* Robert Hooke (1635-1703), who used the newly invented microscope to observe and investigate the
cells that make up living organisms.

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 that followed and
continues to influence scientists in the twenty-first century.

Modelling DNA Rosalind Franklin provided
James Watson and Francis Crick won the Nobel Prize in 1962 for a piece of an important stepping stone
work that was a key discovery in biochemistry. In 1953 they established the in the discovery of DNA.

structure of deoxyribonucleic acid, or DNA, the substance that makes up genes.
The model of DNA developed by Watson and Crick was based on the
results of other scientists; for example:
e the work of Erwin Chargaff, who de-
Watson and Crick and their termined the basis of parts of DNA
model of DNA in 1951
. : (& e ¢ the X-ray diffraction photographsw
(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 thanks to the
earlier discoveries of other scientists.
Scientists today continue to build on the
work of Watson and Crick. Their break-
through has allowed other scientists
to understand inherited diseases, and enabled the new field of genetic
' engineering to emerge.
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. Communica-
tion 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, the internet, email and jet aircraft.
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1.2 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify two aspects of what is now called ‘the scientific method’ that the ancient Greek philosophers
practised.

2. According to Aristotle, all matter was composed of four elements. What were those elements?
3. Why was Galileo described by many as the founder of the scientific method?

Think

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

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

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

7. List the qualities that you would expect a present-day scientist to have.

Investigate

8. Research and report on the Hippocratic Oath and its importance to medical practitioners.

9. Joseph Black made other discoveries as well as the one described here. Research some of these and find
out how they have affected everyday life.

Imagine

10. 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.

1.3 Accidents and observations

Science as a human endeavour

1.3.1 A matter of luck?

Some of the greatest scientific discoveries have been made by accident. The development of batteries, pen-
icillin and X-rays began with ‘accidents’ in laboratories. However, was it all just a matter of luck?

1.3.2 Jumping frog’s legs

The very first electric cell was created by accident over 200 years ago. Luigi Galvani, an Italian physician,
was dissecting the leg of a recently killed frog. The leg was held by a brass hook. 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.

1.3.3 Outside looking in

X-ray images allow doctors, dentists and veterinarians to ‘see’ through living flesh. The pictures taken
with X-rays, called radiographs, are obtained by passing X-rays through objects onto a photographic plate.
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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 frac-
tures and abnormalities.

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 Egyp-
tian 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 Rontgen (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. Rontgen 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.

Rontgen’s accidental discovery changed the face of medical practice in many ways.

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

1.3.4 One accident after the other

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 of accidental observations. The first observation of
penicillin was made in 1928 by Scottish bacteriologist Sir Alexander Fleming.

Fleming’s interest in bacterial diseases intensified during World War I, when he was treating wounded
soldiers. He noticed that the antiseptics used to treat wounds killed white blood cells more quickly than the
harmful bacteria they were designed to kill. The white blood cells form part of the body’s natural resistance
to bacteria.

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

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. 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 called penicillin, 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 II. Fleming, Florey and Chain shared the Nobel Prize
in Medicine in 1945.

1.3 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

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

2. What form of radiation was discovered by Wilhelm Roéntgen?

3. Which drug was later produced as a result of Alexander Fleming’s accidental observation?

Think

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

4. Consider the discoveries made by Galvani, Réntgen 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, Rontgen and Fleming to take advantage of their
chance observations.

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

Imagine
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.

Investigate
8. Find out about some other scientific discoveries that were the result of accidents or chance observations.

14 A question of ethics

Science as a human endeavour

1.4.1 Science and ethics

Ethics is the system of moral principles on the basis of which people, communities and nations make deci-
sions about what is right or wrong. Scientific inquiry takes place in communities that have political, social
and religious views and is undertaken by people who have personal views about all sorts of issues. It is a
human endeavour and therefore cannot be separated from ethics and questions about right and wrong.
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Ethical values vary between countries, religions, communities and individuals — even between 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.

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.

1.4.2 Animal testing

Animals are used in scientific research in many ways, Tre vee o arfial (g & frarsesirgy
including: to test the effects of potential drugs; t0  pecoming an ethical issue around the world.
test cosmetics for allergies; to understand the func-  The European Union has banned the sale of
tioning of parts of the body; and to test new surgical ~ cosmetics tested on animals.

techniques. In some research and testing, the animals
die. Animals used may 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.

1.4.3 Medical research

Medical research is carried out partly by public insti-
tutions such as universities and specialist research
departments, and partly by private companies. The
main purpose of research in public institutions has
been to increase understanding and to provide solu-
tions to existing problems; while private companies
aim to provide new products or services that can be
sold for profit. Some research in public institutions is
done with the aim of making money, and some private research aims at increasing scientific knowledge,
which raises ethical questions about whether new drugs are produced more for their profitability than for
the benefit of 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:

* Is 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?

Another source of ethical concern in medical research relates to the testing of new drugs. When phar-
maceutical 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.
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HOW ABOUT THAT!

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.

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.

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

1.4.4 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:

e 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.

1.4 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

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

2. ldentify an illness that affects people worldwide and kills millions in poor countries but almost no-one in
Australia.

3. Explain how GM crops are different from other crops. N
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Think

4. Describe the ethical issues associated with the experiment carried out by Barry Marshall.

Discuss
5. In small groups, discuss the following statements.
(@) Cosmetics should never be tested on animals.
(b) All medical research, including research into new drugs, should be done by non-profit organisations rather
than by companies aiming to make a profit.
(c) Food made from genetically modified crops should have a special label to show that it contains GM
ingredients.

Investigate

6. What does a bioethicist do? What training does a bioethicist require?

7. Research and report on alternatives to using animals in research.

8. Outline some of the arguments against using genetically modified crops.

1.5 Your own iInvestigation
1.5.1 Begin with a plan

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. It’s
easier if you can break an investigation down into steps as shown below.

1.5.2 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.

Think about your hobbies.

R ,""n;.".s'_.gircv ccn)p.Jr.'r;;J‘(nE 7\
\ ) id.reng'[v} of fishing lines ) Brainstorm your ideas
. . e WOl 06 3 good .
Think about your interests. S ¥ : topic | { with others.
M - D A )
\ I A, ’
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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 the one below to organise your ideas.

Topic area Name of book, magazine, website etc. Chapter or article Topic ideas

From observations to ideas

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 sections 1.3.2, 1.3.3 and 1.3.4 were made by accident, they would not have been made without
observation skills. There is also another important ‘ingredient’ 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 Oested 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 elec-
tric currents affected compass needles. The results of his
experiments started a flood of inventions, including elec- . )

. Could an audience really affect this athlete’s
tric generators and motors. performance? To answer the question

An investigation by 15-year-old student Catherine scientifically, an investigation is needed.
Pippos began with an observation that her friends
seemed to perform better in track and field 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:
¢ no audience
* a quiet audience
* a cheering audience.

The sporting activities were:
* goal shooting in basketball
* sit-ups
* 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.

TOPIC 1 Scienceis ... 11



the question, you need to consider whether:

For example:

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

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

you can obtain the background information that
you need

the equipment that you need is available

the investigation can be completed in the time
you have available

the question is safe to investigate.

1.5.3 Keeping records

A logbook 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. 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 bib-

liography of your report (see section 1.5.9).
» arecord of the people that you asked for advice (including your teacher), and their suggestions
* diagrams of equipment, and other evidence that you have planned your experiments carefully
* all of your ‘raw’ results, in table form where appropriate
* an outline of any problems encountered and how you solved them
* 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 advan-
tages in maintaining your logbook
online in the form of a blog. There
are many sites that will allow you
to set up a free blog. Your teacher
might be able to provide some sug-
gestions. Once you set up a blog,
every entry you make will be dated
automatically. You can upload doc-
uments, 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.

A blog used as a logbook for a student research investigation.

Experiment results

| have Boen making ncSCatons usng & vanty of Bowers

and testy w by addieg it w veeger (atid), diure

L wwrtonate Dase) end dhte sodem hydronde
sohson (k) My resuits are shown in the tpceadibest anached

Comparing methods

of Nowers | used is shown o0 the

beft. | feund that by crushing the
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* 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.
* 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.
* use privacy settings or use a password to ensure that only trusted school friends, family and your
teacher have access to the blog.

WHAT DOES IT MEAN?
The word blog is a recent addition to the English language. It is an abbreviation of the words web log.

1.5.4 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:
* which variables need to be controlled and which variables can be changed
» whether a control is necessary
* what observations and measurements you will make and what equipment you will need to make them
* the importance of repeating experiments (replication) to make your results more reliable
* how you will record and analyse your data.
A poorly designed investigation is likely to produce a conclusion that is not valid.

Controlling 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. The variable that you deliberately change during an experi-
ment is called the independent variable. The variable that is being affected by the independent variable —
that is, the variable you are measuring — is called the dependent variable. 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.

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.
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Replication

Replication is the repeating of an experiment to make results more reliable. In the case of the fertiliser
experiment, a more reliable result could be obtained by setting up two, three or four pots for each brand of
fertiliser. An average result for each brand or the control could then be calculated.

1.5.5 Using information and communications technology

Computer hardware and software are important tools used by scientists during their investigations. For
example:
» spreadsheets can be used to organise and analyse data
 data loggers can be used to collect large numbers of measurements of variables that are difficult to col-
lect in other ways
» databases can be used to arrange data or information so that it is easier to locate.
These tools are described in subtopics 1.7, 1.8 and 1.9 in this chapter.

1.5.6 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 following information.

1. Title

The likely title — you may decide to change it before your work is completed.

2. The problem

A statement of the question that you intend to answer. Include a  Write out a plan for your
hypothesis. A hypothesis is an educated guess about the outcome of ~ investigation.
your experiments. It is usually based on observations and 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.

1.5.7 Gathering data

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

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 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.

All observations and measurements should be
recorded.
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WHAT DOES IT MEAN?

The word data is the plural of datum, which means ‘a piece of information’. It comes from the Latin word
meaning ‘something given’.

1.5.8 Graphing variables

If you use a graph to show your results, 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).

Height of plants after 10 days
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1.5.9 Writing your report

You can begin writing your report as soon as you have planned your investigation, but it cannot be com-
pleted 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).

Abstract

The abstract provides the reader with a brief summary of your whole investigation. Even though this
appears at the beginning of your report, 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
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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.

Results

Observations and measurements (often referred to as data) are presented here. Data should, wherever pos-
sible, 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 bottom of previous page.

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 meas-
uring could be outlined here. Explain how you could have improved your experiments. What further exper-
iments 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)
e URL (website)
* 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:
* John Thomas Moore, Chemistry Essentials for Dummies, Wiley Publishing, Inc.; Indianapolis, 2010
e Justin Gregg, ‘How Smart are Dolphins?’ Focus Science and Technology, Issue 264, February 2014,
BBC, pages 52-57
* Australian Marine Wildlife Research & Rescue Organisation, 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 organ-
isation assisted you.

1.5.10 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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1.5 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Construct a flowchart to show the steps that you need to take before beginning your experiments.
2. What is the advantage of repeating an experiment several times?
3. Describe how each of the following computer tools can be used in a scientific investigation.
(a) Spreadsheets
(b) Data loggers
(c) Databases
4. Describe the difference between an independent and a dependent variable.
5. Outline an example of the use of a control in an experiment.

Think

6. Outline why it is important to plan a research investigation carefully.
7. Discuss the advantages and disadvantages of using a blog as a logbook for your investigation.
8. For each problem described below, identify the independent and dependent variable and three other
variables that would need to be controlled.
(a) 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.
(b) Charlotte would like to know whether ice blocks made from green coloured water melt at the same
temperature as uncoloured ice blocks.
(c) Jayden is testing the hypothesis that tall people are faster long-distance runners than short people.
(d) Shiniji is testing the myth that plants grow faster if you play them music for at least 2 hours a day.
(e) Nikita has heard that most people shrink slightly (in height) throughout the day and stretch out at night.
She would like to know whether this is true.
9. Why is it better to write the abstract of a scientific report last, even though it appears at the beginning?
10. In which section of your report do you describe possible improvements to your experiments?
11. 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) Look at the list of 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.

learn RESOURCES

Complete this digital doc: Worksheet 1.1: Setting up a logbook (doc-18850)
Complete this digital doc: Worksheet 1.2: Variables and controls (doc-18851)

1.0 Case study

1.6.1 Investigating muddy water

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

* a creek near his school

* a creek near his home

* 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 environ-
ment. 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 four 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

Materials:
e 4 large jars or bottles with lids for collecting water samples (capacity of about 1 L each)
e 4 identical jam jars with lids, labelled 1, 2, 3 and 4
¢ metal teaspoon (not plastic, in case it breaks)
e 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.

Nooko

A summary of Sean’s method, including a list of materials and equipment required, is given on the
above. 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 the table below.

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

Height of mud (mm)

Test Test Test Test

Water sample HH Average HH Average En Average -nn Average
3.5|4.0/5.0 5.0/4.5|5.0 4.5|5.0(4.5 4.3 5.0[(4.5/4.0 4.5

1. Home creek 4.2 4.8

2. School creek |2.5|2.0(2.0 2.2 3.0/25|25 2.7 20|25(25 2.3 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 0.5(1.0/0.5 0.7 0.5(/0.5|0.5 0.5

4. Distilled water | 0 | 0 | O 0 0|0]|O 0 00| O 0 0/0]|O 0
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1.6.2 Analysmg the data Table showing average heights of mud in water from three
Sometimes it is necessary to refine the raw  different areas

data (the data initially collected), presenting Sample number Height of mud (mm)
them in a different way. Sean was planning [l e Re f ges

to use his average measurements to make a 1 Home creek 4.2 4.8 43 45
column graph. He decided to simplify his 5 gchool creek 29 27 23 29
table so that it was easier to construct the 3 Rijer 0.5 15 0.7 0.5

column graph. The simpli-

fied table and column graph
make it easier for others to Sean’s graph makes it easier to see patterns and draw conclusions.

read the results, and easier 5.0 -

for Sean to see patterns and 4.5

draw conclusions. E 4.0 : gfhngglcgizkk
; 3.5 == River

1.6.3 Being critical g 3.0

Sean was pleased with his E 259
= 2.0+

results and was able to draw 2 5

conclusions. In the discus- T 1.0

sion section of his report, he 05

suggested that further studies 0.0

Day 2 Day 3 Day 4

be done. The turbidity was Day 1
affected by weather condi-

tions 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.

1.6.4 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, Chemical waste running into a river. How might you test for
with sample values of 0.5 to 1.5 mm such materials in a water sample from this site?
of mud per 200 mL of water. RN

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.
Sean’s teacher was pleased, and

suggested that Sean carry out further

research and rewrite his material. And

what did he think about entering his g B, & ag.en -
o

project for competitions? Mt BT LU
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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.’

1.6 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Think

1. For Sean’s experiment, identify:
(a) the independent variable
(b) the dependent variable
(c) the variables he controlled.
. Explain why a sample of distilled water was included in Sean’s experiment.
. Explain why Sean repeated the experiment 3 times on 4 separate days.
. Suggest how Sean could improve the reliability and accuracy of his experiment.
. Why did Sean use a column graph rather than another type of graph to present his results?
. In your opinion, is Sean’s conclusion valid? Give reasons for your answer.

o0 WN

1.7 Using spreadsheets

1.7.1 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
* change data or fix mistakes without redoing the whole spreadsheet
* use the spreadsheet’s charting function to present your results in graphic form.

1.7.2 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 dif-
ferent factors on the growth of bean plants.

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.
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Formula bar Toolbar

Microsoft Exce

Formudas Review View Dertioper Addlm Agobst

FA" il
File Home Invgent Fage Layout

=LA o Cavons = P SwnpTet Genees)
SR I R W EE Fegescoer $-% 0 RY &
Acltllve — —>‘ &3 - L -.-Aveancma:ssl Formula
o . A B | € | b E F G <«—— Column
1 HEIGHT OF SEEDLINGS (cm) letters
2 DAY seedlingl seedling2 seedling3 seedling4 seedling5 correctav
3 1 0 0 0 0 P0 Active
4 2 05 0 0 0 0.4 01  cel
5 3 0.7 0 0.3 0 09  0.38
: 4 1 0.1 0.5 0.3 1.2 062
7 5 0.4 0.9 0.9 0.7 19" 096
L Row numbers

1.7.3 Entering data into cells

You can enter different types of data into a cell:

* a number or value

* a label, that is, text (for titles and headings)

* aformula (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 on the next page shows a spreadsheet in which data have been
entered.

1.7.4 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 on the next page.)
If you subsequently needed to change the values in B1 or Cl1, 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.
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Example 2
The spreadsheet in example 1 has been further developed. Formulae have now been entered to average the
heights of the seedlings.

G K o © Microseht Bxce
Fie Home Intent Page Lot Formulas Data Peview View Developer Adu-dny Acobst
_.] A Cat Cadon 1 AN Smiy ¥ S Weap Tent General
Paste .; F::al poickee | B L W~ | - A EEW EE HEvogedcenterr $-% v 48 ;:o:
G -8 fe | sAVERAGE(BS:FS) < - —— Archive cell
A B C D E F G contents
1 HEIGHT OF SEEDLINGS (cm)
2 DAY seedling1l seedling2 seedling3 seedling4 seedling5 correctawv
3 . § 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 S’)_g This is the active cell.
6 4 1 0.1 0.5 0.3 12! 0.62 AR
v above is the formula
7 5 0.4 0.9 0.9 0.7 1.9 0.96 for this cell.

1.7.5 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).

Some of the common functions found in spreadsheets are shown in the table below.

Common spreadsheet functions

Name Application Example Result
AVERAGE calculates the average of the argument values =AVERAGE(1,2,3,4) 25
COUNT counts the number of values in the argument =COUNT(A3:A6) 4
MAX returns the largest value in the argument =MAX(1,9,5) 9
MIN returns the smallest value in the argument =MIN(1,9,5) 1
MODE returns the most common value in the argument =MODE(1,1,5,5,1) 1
ROUND rounds the argument to the number of decimal places specified A =ROUND(12.25,1) 12.3
SUM calculates the sum of the values in the argument =SUM(1,9,5) 15

1.7.6 Copying cells

Spreadsheets have a command that allows you to copy a formula or value from one cell to another cell (or

into a range 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:

* relative referencing, which you use when you want the cell address in the formula to change according
to the relative location of the cell that you have copied it to. Example 2 in section 1.7.4 uses relative
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referencing. The formula AVERAGE(BS5:F5) in the active cell G5 was copied downwards, so that there
was no need to type the formulae in the rest of the column. The formula in the next cell (G6) is therefore
AVERAGE(B6:F6) and so on.

» 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).

Example 3
Ii;,l 9. 2 ook tun + Mucrzach Eucel T
s ient Pogeineat Feomutns Oty Eroen v Oertieger Aseds Areda
p ‘Jc Caor U AN Wiy ¥ vt Genernt ‘ i‘d - The formula has a $ sign
Fromronts B L W B DA BEW FFE Trwgedcomsr-| $ - % ¢ |87 Secvon o in front of the cell
= - e coordinatgs, so that
—_— the coordinates do not
A 2 & 2 £ 2 S i adjust automatically
1 HEIGHT OF SEEDLINGS (cm) as the row number
2 DAY seedling1 seedling2 seedling3 seedling4 seedling5 correct av incorrect & changes.
3 1 0 0 0 0 0 0 0
4 2 0.5 0 0 0 0.4 0.18 0 The formula above is
5 3 0.7 0 0.3 0 0.9’ 0.38 0 the formula for this cell
6 4 1 0.1 0.5 0.3 127 062 0 in row 5.
7 S 0.4 0.9 0.9 0.7 1.9. 0.96 0

1.7.7 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)

* 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

* inserting horizontal or vertical lines to improve the presentation of your spreadsheet

* changing cell formats to control how the data are to be displayed, such as using different fonts and char-
acter 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 per-
centage, 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.

1.7.8 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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1.7 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Using data
1. Look at the section of a spreadsheet presented below and answer the following questions:
M6 - Lo <AVERAGE(5851:5¢53)
A 8 C D £ = G H
HEIGHT OF SEEDLINGS (cm)
DAY seedlingl seedling2 seedling3 seedling4 seedling5 correct avincorrect:
1 0 0 0 0 0 0 0
2 0.5 0 0 0 04 018 0
3 0.7 0 0.3 0 0.9 0.38 0

(@) 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 G67?

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.

Time (s)
Substance Trial 1 Trial 2
Methylated spirits 417 1.85
Turpentine 63.48 43.02
Water 54.42 57.05
Qil from E. rossi 195.92 191.23
Qil from E. nortonii 103.99 105.39

(@) Enter the data into a spreadsheet.
(b) Use the spreadsheet function to calculate the average time that each substance took to evaporate.

3. The table below 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.

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

(@) 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:

distance

Speed =
time

(b) What was Jesse’s average speed over the total time?
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4. The following data were collected by two car servicing centres in Canberra in 1998, 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.

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
(i) 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 these data about the success of catalytic converters?

5. Find the results of a science experiment this year that required some calculations. Enter the data and use
spreadsheet formulas or functions to complete the calculations. If the data are suitable, create a graph to
display the results.

learn RESOURCES

Complete this digital doc: Worksheet 1.3: Spreadsheeting and graphing (doc-18852)
Complete this digital doc: Worksheet 1.4: Calculating using a spreadsheet (doc-18853)

1.8 Using data loggers
1.8.1 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 com-
monly, a computer, which can use data logger software or a spreadsheet program to manipulate the data
(see section 1.7.1). Usually the computer or calculator graphs the collected data, and we can use these
graphs to see patterns and trends easily.

1.8.2 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.
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1.8.3 Exothermic and endothermic processes

In an experiment, we investi- The equipment required for Part 1: Magnesium in hydrochloric acid
gate 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 lab-
oratory equipment required
for this experiment, including
safety glasses, we will need
a data logger with a temper-
ature sensor attached to it.
The data logger will need to
be attached to a computer on
which the data logger soft-
ware 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 the photo above. 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.

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. The first screen below shows the data logger being

Set the data logger to take temperature data for 200 seconds Place the temperature sensor into

at the rate of once per second. the beaker of dilute acid and add
L rioses o TR T T the magnesium.
O30S ~rpt -SMBRAARLLLEYLA2R N
sadamiiem f s D

Data Set 10+
Time ln‘

S 1 B

§ [ ote Cotection o |

4 8 Colecton | Trgomre

5

0 Moce TeaBmed 00 T U aees

7 P Sengie o Ve Do

8 gt vy oot

9 Comtruous Dwts Celocton

10 6 borois e

1" gL Secod . WO A

12

13 warorg Tamnes s e Caletnd

14
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set to collect temperature data for 200 seconds at the rate of once per second. Now it’s a simple matter of put-
ting the temperature sensor in the dilute acid, pressing the button on the data logger to start data collection and
adding the magnesium.

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 below.

Graphed data for part 1 of the Exothermic and endothermic processes experiment

[ Logger Pos - EncdEand 3 1) RN
Fle fde Gpeimert Dot Anslce Jwert Optioen Page Help
DSU @ |cirer - MBAQQLLILYTAXIE EN

Ho drie Conmecied

e ' e Endothermic and Exothermic Reactions
(s) €) 1
i 0
2 1
3 2 1 P
4 3
5 4 30"1 -
6 5 S000Cs for Latest! Temperanre
7 8 1 mie 21482 21 00 max 3200 2450
mean 29 Sdmedan 31 82
8 7 1 03 Sev I 755 sampies 331
] 8 Sy 108
10 ¢ o 204
11 10 <
12 1 5
13 12
14 13 é
15 14
18 15 = 104
17 16 ]
18 17 o
| ol 2 J l
04
Temperature i
|
o]
C 3 190 2% %o
Time ($)

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 at the right.
Once again, we set the run time
to 200 seconds and the data col-
lection 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 comple-
tion of the run, as shown on next

page.

The equipment required for Part 2: Citric acid and baking soda
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Graphed data for part 2 of the Exothermic and endothermic processes experiment
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INVESTIGATION 1.2

Exothermic and endothermic processes

PART 1 IS FOR TEACHER DEMONSTRATION ONLY

Materials:

safety glasses Parts 1 and 2 of this experiment can be
bench mat demonstrated with the aid of a data logger.

4 large test tubes and test-tube rack
10 mL measuring cylinder

balance

thermometer (-10 °C to 110 °C)
stirring rod

magnesium ribbon

sandpaper \
0.5 mol/L hydrochloric acid Data logger
30 mL citric acid solution (10 g dissolved in 100 mL water)
10 g baking soda (dissolved in 100 mL water)

‘/ Temperature probe
Test-tube rack

Dilute hydrochloric acid
Magnesium metal
Part 1: Magnesium in hydrochloric acid
e 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.
e 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.
¢ Observe the temperature of the solution as the magnesium reacts with the hydrochloric acid. Record the
final temperature of this solution.

Part 2: Baking soda in citric acid
e 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.
e Use a balance to weigh 3 g of baking soda; add it to the water in the test tube and stir gently.
¢ Observe the temperature of the solution as the baking soda dissolves in the water. Record the final
temperature of this solution.
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1.8 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Think

1.

Look back at Part 1: Magnesium in hydrochloric acid in section 1.8.3.

(@) Write a word equation for the reaction that occurs.

(b) Look at the graph of temperature vs time for this reaction. Was the reaction exothermic or endothermic?
How do you know?

(c) How long after data collection began was the magnesium ribbon added to the acid? How do you know?

(d) How did the person who conducted this investigation know when the reaction was complete?

(e) What was the initial temperature of the dilute acid used in this experiment?

(f) What change in temperature did this reaction cause in the liquid in the beaker?

. Look at the graph of the collected data produced by the computer for Part 2: Citric acid and baking soda in

section 1.8.3.

(@) 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?

. 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.

Investigate

4.

Acids are corrosive substances; they react with most metals, such as the magnesium in part 1 of the
experiment. 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?

. Describe a data logger and what it does in a way that a Year 7 student would understand.
. List the advantages of using a data logger over taking the measurements manually. Describe an experiment

in which using a data logger provides an advantage over manual data collection.

1.9 Using databases

1.9.1 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 a phone book, a timetable or 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. In the Understanding and inquiring section below, you will create a database using
some of the features of Microsoft Access.

1.9 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly. N
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Analyse and evaluate

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.

e 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.

e First name

e Last name

e Country of birth

¢ Year of birth

e Category of award (such as Chemistry, Physics and 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)
e Share received (if the award was shared by a group of
people)
 Microsoft Access software is commonly used to create l =) Xerox Docuprint PSex Utiity »
databases. The following instructions are for the 2003 ~ .
edition of this software. Other editions are similar to use but L‘ﬁ RenEDoc | e x
the screens are not exactly the same. You can start Access '-@ Mictosoft Office Small Business Tools  »
by clicking on Start, then Programs and then the Access > z_ﬂ Mictosoft Office Tools »
icon shown at right. -
* When you open the software, click on File and then New. A > M-mosoﬂAom =T,
list of options will appear in the task pane on the right-hand @ Microsoft Excel
side of the screen. Choose the option Blank database. A > {5 Microsoft Dutiook
dialog box will appear for you to enter a name for your Microsoft PowetPoint

database and navigate to the folder where you want to save
the database. Choose a sensible name (such as ‘Nobel prize
winners’) and save it where you normally save your science
work. This is shown in the screenshot below.

File New Database @

Save ) Soence at week v @ A1Q X g [0 Tooks~
5\ L thinking tocls dagrams
l,
My Recent
Oocuments

Desitop
My Documerts

g Flepsme:  Nobel prize winners| v [ Creste l
My Netwerk

Places Save 35 LyPe: | Microsoft Office Access Database (*.mdb) v Cancel

¢ A new dialog box will be displayed. Choose the option Create table in Design view and press [Enter]. A new
screen will appear where you can enter field names, which are the column headings for the database. Enter
the field names as shown on next page. You will note that, by default, the data type is Text even though
some of the fields are numbers. This is not important for this database.
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Microsoft Access - [Table2 : Table]
=) Ele Edt Vew Insert Tooks Window
e AN Wi WS W [N

Field Name [ DataType |
___|First name Text
|__|Last name Text
|| Country of birth Text
| Year of birth Text
| |Category Text
___|Organisation Text
___|Nobel prize awarded for Text
| P |Share received Text v

¢ Now that you have designed the database, it is time to change to datasheet view. Click on §
the Datasheet view button in the top left-hand corner of the screen. You will be prompted & 5 N/
to save the table. Give the table a suitable name (such as ‘Table 1°) and click Save. When ;
you are asked if you want to create a primary key, click No. The table shown below should §
appear. You are now in datasheet view. Note that the Design view button now appears in ~ § g v
the left-hand corner of the screen. -

T M 0 e e Fpad Sk ek wde e

X Balias BAL g on s o na. wll
| L ot s | Conteawe [Conntry of e Vot of s | Categoey l(-,-—s.n]'mpnn—i"l.-ms—dl

e Enter the data that you and your classmates found into the table. 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.

e Make sure you are in datasheet view. Click on the arrow next to the New object button. Select B *’ﬁ
Query and then Query wizard and click OK. The fields in your table will be displayed; click on the | g;\
ones you want to appear in the query then click on the single arrow to move them into the Query
Selected Fields box. Select the following fields: first name, last name, country of birth and Wizard
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.

Which fields 90 you mant In your aueny!

You can choose from moce than one table or Quary.
Todtes/Quenes
Table: Table ! -]
Avalable Fakls; Gecied Felds:
| D Y]
Feldl A

1>

ol [tea> ][ own
Click on a field to select it. Click on the single arrow

to move the field into the
Selected Fields box.
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* The screen below will appear. Now enter the criteria you want the query to look for in the appropriate
boxes. In the Category column, type ‘Chemistry’ (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.

Microsoflt Access - [ Tabie? Query! © Select Query)

D Be OR Yew et Cuny Dok Wndw by
G-l 2 LRI TN TS ST |

Pl [Feit nane et fe Categery Coutry of teth
L Eadied Tabiel TableZ
-
Sow v ) 2% = v
Utera ‘Cheverry” “Unted States”

<

¢ 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.

e Create a new query to display the Nobel prize winners who won the Nobel prize for Physics and Run
were born in England.

1.10 visual thinking tools
1.10.1 Structuring your thinking

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.
* Storyboards, flowcharts, timelines and cycles are useful tools to sequence your thoughts.
* Matrixes and bubble maps are useful when you want to classify or organise your thoughts.
 Priority grids, target maps, continuums or pie charts can be used to quantify or rank ideas.
* PMI charts and Y charts help you to visualise or reflect on an idea.
* Concept maps, Venn diagrams and fishbone diagrams are useful tools to focus your thoughts, such as when
you need to analyse and compare things in order to make a decision.
There are also times when combinations of these tools can help you to use your brain and time more effectively.
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Order or sequence
Cycle Storyboard

N
utline of| Outline of| Outline of
scene 1 scene 2 scene 3
Outline of| Outline of| Outline of
scene 4 scene 5 scene 6
J
Flowchart

"~

Timeline
First event Third event Fifth event

Second event Fourth event Sixth event

Analyse or compare

First event

Next event

Next event

Next event

SWOT analysis Double bubble map

Strengths Weaknesses |

Opportunities

Matrix Venn diagram

Feature Feature Feature Feature Feature
B © D E

v ans
2 v
3 v v
4 ars

2::2?:::3 Cause group A Cause group B
Cause Cause

Topic

ANANANAN

features of
topics 1
and 2

Cause Cause
Cause Cause
Event
Cause Cause Cause -
Cause Cause Cause
Cause Cause Cause
Cause group C Cause group D Cause group E

TOPIC 1 Science is ...



Pinkish
greyish

Look

Large grapefruit-sized
wrinkled walnut

[e]
©

[e]
2
=
3
el
=
=
(@)

Eat nutritious
meals regularly

Visualise or reflect
Mind map

\o]
@
Q.
@
s}
S

Y chart

Squishy Main idea

Synapse = suy-naps
First-level

Sound
Cerebral = ser-ee-bruhl

Cerebrum = ser-ee-brum Second-level

idea

PMI chart

* New weapons
* New marketing
strategies

* New medicine

* New ‘learning
chemicals’

Cognitive
processes

Cerebrum

Breathing

Cluster map

Balance and

Cerebellum

Brain stem

Regulates life
support systems

Blood pressure Heart rate

Main idea

First-level
idea

Main idea

First-level
idea

First-level

idea Second-level

Second-level
(o[}

Second-level
idea Third-level

idea

* Neuroeducation

* Neuromodulators

Quantify or rank
Priority grid
8% protein

Drink water
to hydrate

op 0} Aseq

Not exercise Not enough
your brain sleep

Bad result

Pie chart

10% fat
2% other

80% water

34 Jacaranda Science Quest 9

coordinated movement



Continuum Target map

Molecules Nervous system

Neurons [l Cerebellum Brain
PRI Nourons J Cerebaium Jf Erain I
| | | | |

1.10 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. State the types of visual thinking tools that are best suited to:
(@) quantifying or ranking ideas
(b) visualising or reflecting
(c) analysing or comparing
(d) ordering or sequencing.

Think and discuss

2. Select and copy five of the visual tools from the previous pages and then add more information to each.
3. Use a visual thinking tool to summarise key or interesting points from each subtopic within this chapter.

1.11 Review
1.11.1 Study checklist

Science as a human endeavour

describe the changes in the way in which scientists have worked since ancient times

acknowledge that present-day scientists usually work in teams and that their investigations are influenced
by the work done by other scientists

describe some scientific discoveries that have been made through a combination of accidents and observation
explain how ethical values affect scientific endeavour and discuss some examples of ethical dilemmas in
scientific endeavours

Conducting your own investigation

identify questions to be investigated through group discussion, the internet or other resources

recognise the importance of observations in formulating questions to investigate

identify dependent, independent and controlled variables in an investigation

recognise the need for a control in some investigations

select and use appropriate equipment for the collection of data, including data loggers where appropriate
record the progress of an investigation in a logbook

use tables, spreadsheets and databases for the recording of data

design and construct appropriate graphs to represent data and assist in the identification of trends and
patterns and the formation of conclusions

compare conclusions with earlier predictions or hypotheses

evaluate the success of an investigation and suggest improvements that would make the findings more
accurate or reliable

write a scientific report using the appropriate headings, terminology, tables and graphs
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Individual pathways

ACTIVITY 11 ACTIVITY 1.2 ACTIVITY 1.3
Revising science Developing science skills Investigating science
doc-8431 doc-8432 doc-8433

learn ONLINE ONLY

1.11 Review 1: Looking back

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

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

Words Meanings

(@) Conclusion (i) Concerns that deal with what is morally right or wrong

(b) Abstract (i) The variable that is deliberately changed in an experiment

(c) Discussion (iii) The part of a journal article where a brief overview of the article is given

(d) Results (iv) A list of steps to follow in an experiment

(e) Hypothesis (v) The answer to the aim or the problem

(f) Ethical considerations | (vi) A list of equipment needed for the experiment

(9) Independent variable | (vii) The variable that is measured in an experiment

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

(i) Method (ix) A sensible guess to answer a problem

() Apparatus (x) The part of a report where problems with the experiment and suggestions
for improvements are discussed

2. Miranda wanted to test the following Water temperature (°C) Observations

hypothesis: Hot soapy water washes out ; -
tomato sauce stains better than cold soapy 20 Dark stain left after washing
water. 40 Faint stain left after washing
(@) List the equipment she will need. 60 No stain left after washing
(b) Identify the independent and dependent 80 No stain left after washing

variables in this investigation.

(c) List 5 variables that will need to be
controlled.

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

(e) Miranda’s results are shown in the table above right.

(f) Write a conclusion based on Miranda’s results.

3. Gemina and Habib wanted to investigate whether Distance ball Average height of bounce (cm)
the type of surface affects how high a ball bounces.

Habib thought the ball would probably bounce the gdiceesdiem) Eoncioicioos SAIRES

highest off a concrete floor. They dropped tennis 25 22 14 8
balls from different heights onto a concrete floor, a 50 46 34 18
wooden roor and carpet. Their results are shown in 75 70 50 26
the table at right.
(@) Write a hypothesis for this experiment. 100 94 66 34
(b) Construct a line graph of Gemina and Habib’s 125 X 85 zZ
results. 150 128 94 48
(c) Use Your graph.to estimate the values X, Y and Z. 175 129 v 50
(d) Identify two variables that had to be kept
200 130 100 51

constant in this experiment.
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(e) Identify two trends in the results.
(f) Do the results support the hypothesis you wrote?
(9) Predict how high the tennis ball would bounce off each floor if it was dropped from a height of 225 cm.
4. List some of the factors affecting the decision about whether money is spent on finding a cure for a particular
disease.
5. 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?
6. 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.
(@) 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?

learn RESOURCES — ONLINE ONLY

Complete this digital doc: Worksheet 1.5: Investigating (doc-18854)

Complete this digital doc: Worksheet 1.6: Organising and evaluating results (doc-18855)
Complete this digital doc: Worksheet 1.7: Drawing conclusions (doc-18856)

Complete this digital doc: Worksheet 1.8: Summarising (doc-18857)

Complete this digital doc: Worksheet 1.9: Evaluating media reports (doc-18858)
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you learn and your levels OF achievement.
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TOPIC 2

Control and coordination

2.1 Overview

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 and
chemicals such as neurotransmitters and hormones. The coor-
dination of this communication is essential so that the require-
ments of your cells are met and a stable internal environment
is maintained.

This scanning electron micrograph of the tongue sur-
face shows the papillae that give the tongue its texture. The
papillae also contain the tastebuds, part of the sensory system
that sends information to the brain.

2.1.1 Think about body systems assess(J]]
* What’s so good about negative feedback?
* Ouch! How do you react without thinking about it?
* What’s the link between glucose, glycogen and glucagon?
* Which hormone causes male sex organs to grow?
* What’s the link between hormones and the menstrual cycle?
* Which neurotransmitter acts like the brakes on your emotions?
LEARNING SEQUENCE
2.1 Overview 38
2.2 Coordination and control 39
2.3 Nervous system — fast control 46
2.4 Getting the message 54
2.5 Getting in touch with your brain 62
2.6 Endocrine system — slow control 69
2.7 Plant hormones at work 76
2.8 Keeping emotions under control? 82
2.9 Total recall? 88
2.10 Sleep on it 93
2.11 The teen brain 98
2.12 Getting back in control 101
2.13 Opening up your brain 104
2.14 Review 109

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered

in this topic.
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2.1.2 Speedy reactions?

How fast can you react to a potentially threatening situation? Imagine
you are in the situation at right. How would you feel? How would
you react? Would everything start to happen in slow motion and then
quickly speed up? Can an incident be avoided?

When you first see the 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. As there is potential danger in this situation,
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!

INVESTIGATION 2.1

Fast or slow
AIM: To increase awareness of different types of responses to stimuli

Method and results
e Carefully observe each situation below and then answer questions 1 to 4.

(@) A mobile has lost a piece and is hanging crooked. When a fly lands on the mobile, it becomes balanced
again. Given the masses in the diagram, what is the mass of the fly? Response: Solving the puzzle

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

(c) 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

1. Order the responses from fastest to shortest response time.

Discuss and explain

2. Using your current understanding of how you respond to your ) J
environment, suggest reasons for the different types of responses and 159
how your body processes the information to bring about the response.

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

4. Propose another scenario and predict what your body’s response

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

5. (a) 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.

(b) Construct a cartoon or comic strip to summarise your findings.

6. Find some activities that can be used to determine your reaction time. Test your classmates and record times
to see who is the fastest.

20g

2.2 Coordination and control
2.2.1 Working together

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.
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Your cells can be organised to form tissues. These tissues make up organs, and the organs make up sys-
tems, which perform particular jobs to keep you alive.
The cells of multicel-
lular organisms cannot sur- Multicellular organisms show a pattern of organisation in which there is an
vive independently of each order of complexity.
other. They depend on each

other and work together. MALEEELD Systems ,M >
Working together requires S contain contain contain contain

organisation, coordination
and control.

While one of your cells may be a part of one of the
systems in your body, it may also need to communi-
cate and interact with other systems to stay alive. It
may depend on your digestive system to break down
nutrients so that its chemical requirements are in a gy qen
form that can be used, and your circulatory system moves into
to deliver these. Your respiratory system will also be e
involved in ensuring a supply of oxygen and removal L
of carbon dioxide. Other organs in the excretory
system will also be involved in removing wastes that
may otherwise be toxic. Your systems need to work  Heart
together so that a comfortable stable environment for ~PUMPS

All body systems work together.

Carbon dioxide
moves out of the
bloodstream and
is breathed out.

K L. blood
the cells is maintained. around
. body.
2.2.2 Homeostasis
The internal environment in which your cell lives
needs to be kept constant. Temperature, pH and
concentrations of ions, glucose, water and carbon
dioxide need to be within a particular range. Main- M
) ) ] . uscle cells
tenance of this constant internal environment is Ay | release
. Nutrients 1\ % waste
called homeostasis. move into \! J) products
. bloodstream. including
2.2.3 Stimulus-response model carbon
dioxide.

To be able to achieve homeostasis, any changes

or variations (stimuli) in the internal environment UMSZSS:ECC:;E'
need to be detected (by receptors). If a response is  and oxygen.
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.

Carbon dioxide
is carried to the
lungs via the
bloodstream.

Control

Stimulus Receptor Effector
centre

2.2.4 Receptors

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. Different types of receptors respond to particular stimuli.
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Type of receptor Which stimuli does it respond to? Where in your body?

Photoreceptor Light Eye
Mechanoreceptor Sound Ear
Chemoreceptor Chemicals Tongue, nose
Thermoreceptor Temperature Skin

Eye
Photoreceptors in the retina of the eye detect light and send nerve

impulses along the optic nerve to your brain.
Nose

Gas molecules dissolve in mucus
in your nose, causing cilia of
chemoreceptors to generate
nerve impulses along the
olfactory nerve to

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.

2.2.5 Control centre

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.

2.2.6 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. Some other exam-
ples are shown in the thermoregulation figure on page 44.

2.2.7 Giving feedback?

Stimulus-response models can also involve negative or positive feedback. Most biological feedback sys-
tems involve negative feedback.
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2.2.8 Negative feedback

Negative feedback occurs when the response is in an opposite direction to the

stimulus. For example, if

levels of a particular chemical in the blood were too high, then the response would be to lower them. Like-

wise, if the levels were too low, then they would be increased.
The regulation of glucose levels in your blood involves negative feedback. If

an increase in blood glu-

cose 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 lowers the blood glucose levels.

Stimulus
Increase in blood
glucose levels

Effector
Pancreas

Control
centre

Receptor
Chemoreceptors

2.2.9 Positive feedback

Whereas negative feedback involves a response in an
opposite direction to the stimulus, positive feedback
results in the response going in the same direction. (S
An example of positive feedback is when a mother
is breastfeeding her baby. Mechanoreceptors in her
nipple detect the baby sucking. The message is trans-
ferred to her central nervous system (in this case, her
spinal cord) which then sends a message to muscles ¢, .
lining the milk glands to respond by releasing milk. receptors
The response continues until the baby stops sucking " ®eVx
and the stimulus is removed.

Positive feedback is also responsible for the
increase in contractions during childbirth. As the

/ Uterus

Urinary
bladder

/ Vagina

) Amniotic sac
P

F Rectum

baby moves into the cervix (the area that connects the uterus to the vagina), it causes stretching of receptors

that result in the release of a hormone called oxytocin. Oxytocin causes the uterus

to contract. As the baby is

pushed further into the cervix, the stretch receptors are further stretched, resulting in more oxytocin release
and stronger contractions. Once the baby is born, the stimulus disappears, so oxytocin levels drop, as do the

contractions.

2.2.10 All under control

To work together effectively,

these systems require coordina- Feature Endocrine system Nervous system

tion. The two systems with this Speed of message | Slow Fast

responsibility are the nervous Speed of response Usually slow Immediate

system and the endocrine Duration of response | Long lasting Short

system. While both of these sys- Spread of response | Usually slow Very localised

tems require signalling mole- How message In circulatory system | In nervous system — along
cules to communicate messages travels through body | — in bloodstream nerves and across synapses
throughout the body, they have Types of message Hormones Electrical impulse and
different ways of going about it. (chemicals) neurotransmitters (chemicals)
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2.2.11 Nervous system

Your nervous system is composed of the central
nervous system (brain and spinal cord) and the
peripheral nervous system (the nerves that con-
nect the central nervous system to the rest of the
body). Messages are taken to the central nervous
system by sensory neurons and taken away from it
by motor neurons. The nervous system sends the
message as an electrical impulse along a neuron
and then as a chemical message (neurotransmit-
ters) across the gaps (synapses) between them.

2.2.12 Endocrine system

Central nervous system

Nervous system

Peripheral nervous system

Spinal cord

Your endocrine system is composed of endocrine glands that secrete chemical substances called hormones
into the bloodstream. These chemical messages are transported throughout the circulatory system to spe-
cific target cells in which they bring about a particular response.

The human nervous system

L Brain

Spinal cord

Peripheral

1

nervous system

The human endocrine system

Pineal gland

Hypothalamus Pituitary gland

Parathyroid glands

Thyroid gland

Thymus gland
Adrenal glands

Pancreas

Testes
(males)
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2.2.13 Working together

The control of body temperature, referred to as thermoregulation, provides an example of the nervous and
endocrine systems working together. 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 tempera-
ture of blood that flows through it.

If your body temperature increases or decreases from within a particular range, messages from thermore-
ceptors in your skin or hypothalamus trigger your hypothalamus to send messages to appropriate effectors.
The effectors (such as those shown in the figure below) then bring about a response that may either increase
or decrease body temperature.

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. Can you suggest terms to describe
the links in the figure below?

Blood Skin
temperature temperature

Detected by ‘Thermostat’ in Detected by
thermoreceptors hypothalamus thermoreceptors
in hypothalamus in brain in skin

Effector
nerves

Effectors

Endocrine glands Arterioles in skin Sweat glands

Thyroid Adrenal Skeletal Erector-pilli Dilation of
gland medulla muscles muscles of hairs blood vessel —
closer to surface

Y y
i Shivering Hairs raise up —
insulation

Sweat
evaporates

Thyroxine Adrenaline

Increased rate
of cell
metabolism

Increased

blood supply
to muscles
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2.2 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember and think
1. Construct a flowchart to show the relationship between the following:
(a) cells, organs, multicellular organisms, tissues
(b) effector, response, control centre, stimulus, receptor.
2. Identify the type of receptor that would respond to the following stimuli:
(@) light
(b) sound
(c) chemicals
(d) temperature.
3. Organise the terms below into a Venn diagram so that they are grouped into their families.

Central nervous system Electrical impulse
Endocrine gland Glucagon

Insulin Homeostasis
Hormone Motor neuron
Neurotransmitter Pancreas
Peripheral nervous system Sensory neuron

Stimulus—response model

4. What is a stimulus—response
model?
5. Give an example of
a negative feedback
mechanism in the human
body.
6. Distinguish between:
(a) receptors and effectors
(b) negative and positive
feedback
(c) sensory neurons and
motor neurons
(d) central nervous system
and the peripheral
nervous system / ,
(e) the endocrine system and 2T
the nervous system 710
7. Label the endocrine system
and nervous system in the
figures at right.
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8. Match the terms listed in the box with the correct description below.

Central nervous system

Chemoreceptors

Control centre

Effector

Electrical impulse

Endocrine gland

Endocrine system Glucagon
Glucose Glycogen
Homeostasis Hormone

Insulin Motor neuron
Negative feedback Nervous system
Neurotransmitter Pancreas
Peripheral nervous system Receptor

Response

Sensory neuron

Stimulus

Stimulus—response model

(@) I describe a model that helps you to achieve homeostasis.
(b) I am a response that is in the opposite direction to the stimulus.
(c) | consist of the brain and the spinal cord.
(d) I take messages to the central nervous system.
(e) Insulin is an example of what | am.
(f) | detect chemicals and can detect a decrease in blood glucose levels.
(9) | carry chemical messages within the nervous system.
(h) | take messages away from the central nervous system.
(i) I secrete hormones into your bloodstream.
(i) I help you to respond to stimuli.
(k) 1 use hormones to transport messages throughout your circulatory system to a target cell.
() I am a ‘central’ part of the stimulus—response model.
(m) |1 am the result of the action of an effector.
(n) I carry the message through your neurons.
(o)  am known as a storage polysaccharide and am made up of many glucose subunits.
(p) Your pancreas releases hormones to keep my blood levels within a narrow range.
(9) I am released by your pancreas when blood glucose levels are below normal.
(r) I am involved in maintaining a constant internal environment within your body.
(s) My release from the pancreas results in a lowering of blood glucose levels.
(t) My cells release both insulin and glucagon.
(u) I use neurons, electrical impulses and neurotransmitters to pass on messages.
(v) I am detected by a receptor.
(w) | detect a stimulus.
(x) | contain neurons that connect the central nervous system to the rest of the body.

2.3 Nervous system — fast control

2.3.1 What a nervel

Whether you are catching a ball, slicing carrots, 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 coordi-
nation. 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 periph-
eral 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.
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2.3.2 Neurons

There are three different types Interneurons
of neurons: sensory neurons,

. . Central Effector Action
which carry the impulse gen- nervous (muscle or
. system or gland) response
erated by the stimulus to Stimulus Sensory Motor P
the central nervous system; neurons neurons

interneurons, which carry the
impulse through the central nervous system; and motor neurons, which take the impulse to effectors such
as muscles or glands.

2.3.3 Structure of a neuron

Neurons, like most other eukaryotic cells, contain a nucleus and other cell organelles, cytosol and a cell
membrane. 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.

The structure of different types of neurons

Sensory neurons

2 M ™M The sensory neurons in
Axon | | the sense organs detect
branches ' - changes in the environment.

\ { Messages about the changes
Receptor produces “ are then relayed as impulses
an jmpulse .L_;, .. toaninterneuron.
Sensory neurons are
part of the PNS.

Path of
impulse \
Synapse
Interneurons Impulse _ Axon branch
i arrives at Nerve | Synapse

The interneurons carry effector coll N\ I Nuclows
impulses through the spinal cord bod AN )
and brain. So, they are part of the ” /,\ y \ )
central nervous system. 2 <—Axon branchMye”n\—' : Nerve cell
Interneurons are sometimes AXOn § \ sheath \‘ body _.

terminals <A Path of

\ e \
W\\\ ~impulse - 3 \ ¥ (\

AN

called connector neurons.
Impulses are relayed from
interneurons to motor neurons.

.\

_-!

. : 0 L
Neurons ? \ .\_V\
The motor neurons recéive

Axon are
/mpu/ses from interneurons and caus \

\ grouped
r‘/@ .
' together in
response in an effector organ such as a muscle
/ g ~ bundles in

or a gland. Motor neurons are part of the PNS.

Nerve Bundles of neurons a nerve.

Neurons are made up of three main parts: An electrical impulse moves in only one direction
a cell body, dendrites and an axon. On the cell through a neuron.

membrane of the cell body of a neuron are highly f o m e e e e e e - .
sensitive branching extensions called dendrites. Neuron

These dendrites possess numerous receptors _:_ __ Cell body
that can receive messages from the other cells. ! > !

Once this message has been received it moves as . .
. ; . ) ) Electrical (nerve) impulse
an electrical impulse in one direction from the b o o e e e e e '
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dendrite, through the cell body and then through a long structure called an axon. This structure is often
covered with a white insulating substance called myelin, which helps speed up the conduction of the mes-

sage through the neuron.

Relationship between the different kinds of neurons

CENTRAL NERVOUS PERIPHERAL NERVOUS SYSTEM

SYSTEM (SPINAL CORD)
Cell body

Axon /

termlnals\A

Connecting
neuron (or
interneuron)

Effector (or motor) neuron——

Cell body —7

Axon/

2.3.4 Synapses

The gap between neurons is called a synapse.
When the nervous impulse has reached the axon
terminal of a neuron, tiny vesicles containing
chemicals called neurotransmitters are trans-
ported to the cell membrane of the neuron. These
chemicals are then released into the synapse.

The neurotransmitters move across the synapse
and bind to receptors on the membrane of the den-
drites of the next neuron. This may result in trig-
gering the receiving neuron to convert the message
into a nervous impulse and conduct it along its
length. When it reaches the axon terminal, neuro-
transmitters are released into the synapse to be
received by the dendrites of the next neuron. This
continues until the message reaches a motor neuron

; <«—— Affector (or sensory) neuron

Central axon

Peripheral axon Receptor

Effector organ
(muscle or gland)

Axon terminals

Neurotransmitters passing along the synapse to the
next neuron

Synapse ‘Sending’ neuron

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).

—>

Stimulus Nerve impulse Nerve impulse Nerve impulse Response

Sensory

Receptor
neuron

-->

Neurotransmitter

—> —>

Motor
neuron

Interneuron

T
—

- > -->

Neurotransmitter Neurotransmitter
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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.

2.3.5 Need to think about it?

Sometimes, you need to consciously think about what your body does. At other times, however, actions

happen without you having to think about them.

2.3.6 Reflex actions — Act! No need to think!

Have you ever had sand thrown in your eyes or
touched something too hot? 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.
Reflex actions may involve only a few neu-
rons and require no conscious thought. Once the
stimulus is detected by a receptor, the message is
sent via the sensory neuron to the interneuron in
the spinal cord and then from the motor neuron

Watch out! Sometimes you need to react very quickly
and there is no time to think.

Sensory
neuron

Stimulus Receptor

Interneuron
in spinal cord

Motor
neuron

Effector

Response

to the effector to bring about a response. The message does not have to go the brain. This type of pathway,
which involves only a few neurons and travels only to and from the spinal cord, is called a reflex arc.

You also react to many internal stimuli using reflex actions. Breathing, for example, is a response regu-
lated 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!

4.

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

2.
Sensory neurons,

the finger away
from the flame.

3.

Sensory neurons send a
message to the spine.

in this case,
thermoreceptors
in the skin of the
finger, detect the
heat.
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2.3.7 Think about it

More complex actions involve many interconnecting neurons and spe-
cialised parts of the brain. The messages pass into and along the spinal

cord to be interpreted. When thinking takes place, we can make decisions
about which responses are needed. Impulses are then sent along appro- &
priate motor neurons to the effectors. This is called a conscious response. e
Many learned actions can become automatic if the same pathways are

used often enough. Skill development and control in playing musical
instruments and sport, for example, depend on practice during which the

same pathways are often used.

2.3.8 Chemical warfare

Beware of toxic ticks, stinging trees, nasty nettles or jellyfish! Many plants and animals have ways of repel-
ling boarders or paralysing their prey.

2.3.9 Pests and poisons

How do they do it? Blue-ringed octopuses, paralysis ticks, tiger snakes and other
animals and plants produce cocktails of poisons that block the production and
action of neurotransmitters at synapses. The poison from a red-back spider, for
example, empties the impulses out of the neurotransmitters. Interfering with the
neurotransmitters’ job of carrying the message to the next neuron interferes with
the transference of the message and can cause spasms and paralysis.

Many plants produce chemicals that sting by strongly stimulating the pain recep-
tors in the skin. Messages are sent rapidly to the brain, which interprets them as
pain. Other plants, including chrysanthemums, produce insecticides such as pyre-
thrums. These target the nervous system of insects, resulting in their death. The com-
mercial production of such natural pesticides is a large industry and is regarded as
environmentally friendly because natural pesticides replace the use of more harmful
chemicals.

INVESTIGATION 2.2

How good are your reflexes?
AIM: To investigate some automatic responses

Materials:

well-lit room

chair

stopwatch or clock with a second hand
Method and results
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 the pupils. e '
e Ask your partner to close his or her eyes for 60 seconds. % %
Pyt %,,M

2. At the end of this time, monitor your partner’s eyes for any changes.
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Part B: Knee jerk
* Have your partner sit on a chair with one leg crossing over the other knee.

3. Use the edge of your hand to gently strike the crossed leg of your partner just below the knee in the joint.
e You may need to repeat this a few times to get a response from your partner.
* Record your observations.

Discuss and explain
Part A: Kept in the dark

Conclusion and evaluation
12.
13.

. What changes did you notice?
. Identify the (a) stimulus and (b) response.
. Why do you think this reflex action is important to our

. Can you control the size of your pupil?

. Describe your observations.

. Identify the (a) stimulus, (b) response and (c) effector.
. Did you get the response the first time? Why or why

. Can you control a knee-jerk response?

survival?

not?

Summarise your overall findings.
Suggest possible improvements to this experiment and
suggest further relevant investigations that could be

carried out.

2.3.10 Nerve nasties

Similar chemicals have been used
as agents of human warfare. These
chemicals specifically target the
nervous system. Nerve gas, for
example, contains a substance
which prevents neurotransmit-
ters 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

Some chemicals can specifically target your nervous system and
disrupt its functioning. Scientists and experts working with dangerous
materials use suits such as those shown here for protection.

regulates the nerves controlling the action of particular muscles. A deficiency of acetylcholinesterase leads to
tightening of your diaphragm, convulsions and death.
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2.3 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go

to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the term with its description in the table below.

Term Description

Central nervous system Gap between neurons

Motor neuron Made up of neurons

Nerves Nerves that connect the central nervous system to the rest of the body

Neuron Takes messages to the central nervous system

Neurotransmitter Made up of a cell body, dendrites and axon

Peripheral nervous system Brain and spinal cord

Sensory neuron Chemical messenger that carries messages from one neuron to
another across a synapse

Synapse Takes messages away from central nervous system

2. Suggest how you could link the nervous system terms
in the flowchart at right.

|
T

Electrical impulse Receptor -

Motor neuron Neurotransmitter i

Sensory neuron Stimulus - -
Response Effectors Synapse Synapse

3. Label the cell body, dendrites and axon on the motor
neuron bottom right and show the direction in which the Releases

impulse travels. y
4. Distinguish between: -
(@) a receptor and an effector
(b) a sensory neuron, an interneuron and a motor
neuron
(c) a neuron and a nerve.
5. Construct a diagram to describe how impulses are transmitted
between sensory and motor neurons.
6. Distinguish between a reflex action and a conscious response.
Provide an example of each.
. Describe one way in which animals can cause paralysis.
8. Describe how some plants defend themselves against:
(@) humans
(b) insects.

~

Think and discuss
9. Suggest how the structure of the different types of neurons suits
them to their function.
10. Describe the advantage of the presence of myelin on the axon of a

neuron.
11. Identify which of the following responses are reflex actions and
which are conscious responses: sneezing, blinking, scratching your "
head, clapping, breathing. K
12. Suggest a reason why the pupil of your eye increases in size in dim 7 ]Q' —
: N N
light. < 1\
13. How does blocking the production and action of neurotransmitters ) =
-

cause paralysis?
14. What could be the effect of toxins on aquatic food chains?
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15. Suggest ways in which chemicals that affect the nervous system may be mopped up.
16. What do insecticides do?
17. Suggest why nerve gas is used in warfare.

Investigate and discuss

18. Conduct a survey of insecticides at your local nursery, garden supplies shop or supermarket. Construct a
table in which to record:
(@) the names of commercial brands of insecticides
(b) the target organisms
(c) the active chemical ingredients
(d) information given about safety precautions.
Find out how the main ingredients act in each of the insecticides and include them in a report in your survey.
19. Researchers studying Gulf War syndrome carried out experiments on chickens to discover the cause of the
iliness.
(@) Find out about their experiments and conclusions.
(b) Do you think the researchers were justified in carrying out these experiments? List arguments for and
against.
20. There is a danger that chemical and biological weapons may one day be used in acts of terrorism.
(a) Search the media for relevant examples of chemicals and their effects.
(b) Report on your findings and discuss them with your team.
(c) Is the use of chemical warfare ever justifiable? Discuss this with your team, recording all the various
opinions and views.
(d) What sorts of strategies do we have in Australia to cope with threats of chemical warfare? How effective
do you consider these to be? In your teams, brainstorm other strategies that could be used.
(e) On your own or in a team, write a story, newspaper article or diary entry that describes the effects of a
chemical warfare attack in Australia.
21. Working in groups of four, make a list of about 10 different poisonous or venomous Australian plants and
animals. Each person is to research and report on at least one. As a group, decide what aspects to include
in the report. Present your findings as a PowerPoint presentation or poster with a taped commentary.

Create
22. Make models of the different neuron types using balloons, string or cotton, straws and tape.
23. In a group, act out a simple reflex arc and a conscious response.

Investigate, think and discuss

24. 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.
Search the internet for relevant research or information.

25. Find examples of how developments in imaging technologies have improved our understanding of the
functions, interactions and diseases of the nervous system. Share your findings with your class.

26. Investigate how technologies using electromagnetic radiation are used in medicine, for instance in the
detection and treatment of cancer of the brain or other parts of the nervous system.

27. There are often claims made about particular products in the media relating to the nervous system.
Examples include drugs that regulate moods or enhance memory. Select one of these examples (or one
of your own), find out more about it and then evaluate the claims being made in advertisements or in the
media.

learn RESOURCES

Try out this interactivity: A nervous response (int-0670)
Try out this interactivity: A bundle of nerves (int-0015)
Complete this digital doc: Worksheet 2.1: The nervous system (doc-18859)
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2.4 Getting the message

2.41 Five senses

Watch out! 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) in your environ-
ment. Examples of human sense organs are your eyes, ears, skin, tongue and nose. These sense organs
contain special cells called receptors. These receptors are named according to the type of stimuli that they
respond to (as shown in the table below). You have photoreceptors for vision, chemoreceptors for taste and
smell and mechanoreceptors for pressure, touch, balance and hearing.

2.4.2 Five receptors

Thermoreceptors enable you to detect variations in temperature and are located in your skin, body core
and part of your brain, called the hypothalamus. Mechanoreceptors are sensitive to touch, pressure,
sound, motion and muscle movement and are located in your skin, skeletal muscles and inner ear. Chemo-
receptors are sensitive to particular chemicals and are located in your nose and tastebuds and photo-
receptors are sensitive to light and are located only in your eyes.

Pain receptors enable you respond to chemicals released by damaged cells. Detection of pain is impor-
tant because it generally indicates danger, injury
or disease. Although these receptors are located
throughout your body, they are not found in your
brain.

2.4.3 Touch — sharp or hot?

Your skin contains a variety of types of receptors.

Your skin contains a variety of receptors that provide
you with a sense of touch.

Sebaceous Hair

Layer of dead skin{  gjand Pore

. == “— 3 Epidermis
Pain receptors and mechanoreceptors enable you ’&? ST Py | AR Ern s S e
to detect whether objects are sharp and potentiall S N} @

o detect whether objects are sharp and pote: y P e ) ;
dangerous. There are also hot thermoreceptors Light-contac A\ A | Beis
that detect an increase in skin temperature above receptor
o Sweat gland

the normal body temperature (37.5 °C) and cold Heat receptor.

1}
thermoreceptors that detect a decrease below Cold receptor k’ | . e
35.8 °C. These thermoreceptors can also protect L pressure, N 19 ?
you from burning or damaging your skin. The sen- -MOV;?:;?OT.‘ :" ‘ -
sitivity of these receptors can depend on how close | receptor () Gt

. . . . B AR A M - u B A S nUsiia il
together they are and their location in your skin. - roij =X Blood gland
Nerve D = =

Examples of different types of receptors

Sense Sense organ Stimulus Receptor Type of receptor

Sight Eye Light Rods and cones in the retina Photoreceptor

Hearing Ear Sound Hairs in the cochlea Mechanoreceptor

Touch Skin Heat, cold Pressure, movement | Separate receptors for each Thermoreceptor
type of stimulus Mechanoreceptor

Taste Tongue Chemical substances: sweet, Tastebuds Chemoreceptors

salty, bitter and sour
Smell Nose Chemicals: odours Olfactory nerves inside nose Chemoreceptors
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INVESTIGATION 2.3

Touch receptors in your skin

AIM: To detect where the skin is most sensitive to light contact
Materials:

2 toothpicks

ruler

2 rubber bands

blindfold

Method and results

Distance (cm) between two points when only one point is felt

Part of the skin Your partner You

Inside forearm

Palm of hand
Calf
Finger

Back of neck

1. Construct a table with the headings shown above.
* 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.

¢ Blindfold your partner. Gently touch your partner’s inside forearm with the points of the two toothpicks.

e Ask your partner whether two points were felt. 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.

3. Record the distance between the toothpicks when your partner can feel only one point when there are really
two points in contact.

4. Repeat this procedure on the palm of one hand, a calf (back of lower leg), a finger and the back of the neck.

5. Swap roles with your partner and repeat the experiment.

Discuss and explain
6. Which touch receptors were being used in this
experiment?
7. Construct a graph to represent your data and
comment on observed patterns.
8. Which area of the skin was (a) most sensitive and
(b) least sensitive?
9. Suggest why the skin is not equally sensitive all
over the body.
10. Which parts of the skin are likely to have the most
contact receptors?
11. Discuss how your predictions compared to your
experimental results.
12. Suggest improvements to this investigation
and further experiments to investigate contact
receptors.

Can you feel one point or two?

2.4.4 Smell — sweet or stinky?

The sweet scent of a rose or the stink of garbage? 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 chemore-
ceptors are stimulated to send a message via your olfactory nerve to your brain to interpret it, giving you
the sensation of smell.
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Gaseous Mucus in

Chemoreceptors in your nose enable you to have a
sense of smell.

molecules nasal cavity

breathed in
then dissolve in

Olfactory
Chemoreceptors
nerve

Smell

interpreted

Transmission electron microscope (TEM) image
of a chemoreceptor

2.4.5 Sight — in the wink of an eye

Your eyes, like your other sense organs, are made up of many different parts, each with its own special job
to do. Look into a mirror (or into the eyes of the person next to you). The dark spot in the centre of your
eye is called the pupil. Your pupil is simply a hole in the iris. Your iris is the coloured part of your eye.
The amount of light entering into your eye is determined by the size of your pupil, which is controlled by
your iris.

Your iris is a ring of muscle, so when it 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.

Pupil (black hole)

Iris (coloured part)
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black and whit colour
vision vision

Photoreceptors

size
regulated by

Retina

Cornea

Image

Optic nerve Retina interpreted

There are a number of structures within your eyes that function together so that you can detect and respond to

light.

Light from a
distant object

2.4.6 Getting the picture

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. Short-sightedness and
long-sightedness are conditions in which a sharp image
is not received on the retina. In these cases, the image
can be sharpened by using artificial lenses such as those
in glasses.

Although your eye receives light and produces an
image of what you see, it is your brain that interprets

Retina

Image

Optic
nerve

Lens

A scanning electron micrograph of the rod
(purple) and cone (blue) cells in the eye. The
rod cells detect light intensity and the cone
cells respond specifically to colour.
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and makes sense of the image. The photoreceptors in the retina respond to the light stimuli by sending sig-
nals to your optic nerve which then forwards them to your brain for interpretation.

INVESTIGATION 2.4

Getting an eyeball full!

AIM: To investigate the structure of an eye

Caution

In this activity you will be using sharp instruments. Discuss with your teacher and other members of the class a
list of safety rules that should be followed carefully before beginning this activity.

Materials:
bull’s eye or similar safety glasses
dissection board forceps
newspaper Stereo microscope
paper towelling water

scalpel or razor blade

Method and results
e Carefully place the bull’s eye on a dissection board covered with newspaper and paper towelling.
1. Draw and label the structures of the bull’s eye before and after your dissection. (Use the diagrams below to
help you to label your drawing.)
2. Add descriptive comments to your labels as you make your observations throughout this activity.
e 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 which give eyes their shape.
3. Carefully cut a small window just behind the iris using a razor blade or scalpel. Record your observations
regarding the toughness of the sclerotic coating.
¢ From this window, cut towards and then all the way around the iris so that you have cut the eye into two parts.
Lift off the top part of the eye and examine the iris.
¢ Remove the lens with forceps and see if you can read the print on the newspaper through it.
¢ Use water to rinse out the jelly-like material (humour) from inside the eye and examine the retina.
4. Record your observations.
¢ Follow your teacher’s instructions regarding the cleaning of equipment and disposal of the dissected eye.

_"”
Cornea

1. Place bull’s eye on
dissection board covered
with newspaper. Locate
the transparent skin of
the cornea.

2. 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.

Eyeball is
protected by a tough

protective layer (sclera). Optic nerve

Iris

4. 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.

3. Look at the coloured
part of the eye (iris) and
the black part in the

centre (pupil).

Pupil

Window

Cutting lines
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Discuss and explain
5. What is the black part in the middle of the iris?
6. What did you observe when you looked at the newspaper through the lens?
7. What did the retina look like? Could you find the optic nerve?
8. Summarise your findings in a table underneath your labelled bull’s eye drawings.
9. What does the diaphragm in a microscope do? Which part of the eye does the diaphragm in a monocular
microscope most resemble?
10. Find out more about one of the parts of the eye that you have observed, such as its function, related
diseases or surgery.

INVESTIGATION 2.5
In the dark

AIM: To investigate the effect of light intensity on the iris of a human eye
Method and results
e 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.
o After about one minute, have your partner look carefully at your pupils.
Discuss and explain
1. What happens to the iris as your hands are removed?
2. Explain your observations.

2.4.7 Black and white or colour?

Why do you see in black and white at
night and in colour during the day? It is
because of rods and cones. These are two
different types of photoreceptors located Light
in your retina. Rods are more sensitive

to light and allow you to see in black and

white in dim light. Cones are responsible

for colour vision, are less sensitive to light Ganglion
and operate best in daylight. At night, cell layer
there is not enough light for your cones to

sense colour.

Are you colour blind? Colour blind-  gjpolar
ness is an inherited condition that is gen-  layer |
erally more common in males; however,
females can also be colour blind, due to
the way in which the condition is inher-
ited. There are also different types of pgocentor
cones. If you have a deficiency of one or |ayer
more of these it may mean that you find it
difficult to see a particular colour or com-

. . Pigment
binations of colours. 9 —[
cell layer

The receptor cells in the retina respond to brightness and
colour.

Nerve

fibres

Rod

Cone
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2.4.8 Hearing — catching vibrations

The ear is your sense organ that detects sound. When the air inside your ear canal vibrates, it causes your
eardrum to vibrate at the same rate. Three tiny bones known as ossicles in your middle ear receive this
vibration from your eardrum and then pass it to your inner ear. 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. Your brain interprets the message as hearing sounds.

An electron micrograph of hair Your ear contains specialised structures that help you to detect sound.
cells in the cochlea Outer ear Middle ear  Inner ear

| ” ”Semicircular | Auditory
: I ::canals : nerve
Hammer 3 Anvil :
i . i :
4ol To brain

Vodl

Eardrum Stirrup

Auricle <— Eustachian

Ear canal Oval window \ tube
To nose
and mouth
| m e e e e e e e e e e
Ear Sound
detected
Outer Middle
ear ear

Auditory
nerve

Ossicles Cochlea

2.4.9 Tasting — sweet or sour? This model of taste is now

Change of taste obsolete. Current research

suggests that we do not have
different areas on our tongue
for different taste sensations.

The tongue is your sense organ for taste. It was once thought
tastebuds in different regions of your tongue could detect par-
ticular flavours such as salty, sweet, sour, bitter and savoury.
New scientific discoveries have, however, disproved this model
and it has now been replaced with a new model to explain how
we gain our sense of taste.

In the new model, tastebuds located within bumps called Bitter
papilla across your tongue have the ability to sense all flavours.
This is because each of these tastebuds contains taste cells with
receptors for each of type of flavour. Salt

Sour

Sweet
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2.410 Hardwired for flavour

Our brains are wired so that we enjoy sweet, Your tongue contains tastebuds containing
savoury and salty foods so that we can obtain the chemoreceptors (as shown here) sensitive to
energy, protein and nutrients that we need to sur- particular chemicals.

vive. Mass-produced foods, however, are often
packed with high amounts of sugar and salt. This
has resulted in our sense of taste increasing our
chance of suffering from conditions such as dia-
betes, heart disease and obesity.

Researchers have discovered tiny compounds
that can magnify the taste of foods, so that they
can taste saltier and sweeter than they really are.
The use of these taste enhancers could lead to
reduced sugar, salt and monosodium glutamate
(MSG) being added to foods and fewer taste-
related diseases.

2.4 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. State the purpose of the sense organs.
2. List examples of:
(a) five stimuli detected by human sense organs
(b) five human sense organs
(c) five types of receptors.
. Provide an example of a type of receptor. State where you would find it and the stimulus that it detects.
4. Identify the location of the:
(a) optic nerve
(b) olfactory nerve.
. Describe the difference and relationship between the pupil and iris in the eye.
. Construct a mind map to show the structures that are important to vision.
7. In which part of the human body is an observed image:
(@) formed
(b) interpreted?
. Outline the differences between the functions of rods and cones in the eye.
9. Construct a flowchart that shows structures involved in:
(@) smell
(b) vision
(c) sound.
10. 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?
11. Suggest a reason why we are ‘hardwired for flavour’.
12. Suggest how the discovery of taste enhancers may reduce the chances of getting ‘lifestyle’ diseases such
as some types of diabetes, heart disease and obesity.

w

o O

(o]
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Think and discuss

13. If cats have rods, but no cones, what does that mean in terms of how they see the world?

14. Why is the thickest part of your skin on the soles of your feet?

15. Why are some parts of your skin, such as the back of your hand, more sensitive to heat than others?

16. How do movement receptors receive a sensation of movement when they are well below the surface of the
skin?

17. When you walk into a dark room at night, you cannot see anything. A minute later, without any additional
light, you can see. What behaviour of the eye allows this to happen?

18. Olfactory receptor cells are important to enable us 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?

19. Make some spectacles out of cardboard and use red-coloured cellophane for the lenses. If you wear the
spectacles when a light or torch is turned on, your eyes will be using only their cones. When you return to
the dark and remove the spectacles, your rods will be unaffected by the red light. Therefore you won’t need
to adapt to the dark, and can use your eyes immediately.

Investigate

20. Investigate and report on the work of Australian scientists such as Fiona Wood and Marie Stoner on artificial
skin.

Iearn RESOURCES — ONLINE ONLY

Complete this digital doc: Worksheet 2.2: Skin (doc-18860)

2.5 Getting in touch with your brain

2.5.1 What is in your brain?

Take a guess. What looks like a grey wrinkled walnut and is about the :
size of a large grapefruit? Hint: you are using it to figure out what the r i
>

mystery object is!

The average brain weighs around 1.5 kilograms and is made up of
about 80 per cent water, 10 per cent fat and 8 per cent protein. Although
our brains contain about a billion brain cells, only about 10 per cent
are active neurons (nerve cells); the remaining brain cells are there to
nourish and insulate the neurons. These neurons can grow extensions
called dendrites, which reach out like branches on a tree, allowing com-
munication between other neurons. This communication is very impor-
tant in relaying information about your environment and deciding what
to do with it.

2.5.2 More than just a bag of chemicals!

Your brain is more than just a mix of chemicals and cells. It is the control
centre of all of your body’s functions and is responsible for intelligence,
creativity, perceptions, reaction, emotions and memories. It can be said

that your brain is at the wheel, steering your body’s systems so that it continues to function correctly,
whether it’s remembering the taste of chocolate, working out a crossword puzzle, controlling your heart-

beat or monitoring the glucose level in your blood.
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When you think, you are using your brain. Another name for thinking is cognition. You also ‘feel’ with
your brain. Happiness, sadness and anger are examples of feelings or emotions that are interpreted by your
brain. Your brain also interprets messages about your internal and external environments, and plays a key
role in regulating processes that keep you alive.

2.5.3 Patterns of organisation

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. There are a number of different models
that are used to describe the structure of the human brain.

2.5.4 From back to front

Your hindbrain is really 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 [eEEE Ty M
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). 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.

Forebrain Mid-brain

Reticular
formation

2.5.5 Brain stem or 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 struc-
ture is damaged, death may result. One of the reasons drugs such as heroin and cocaine are so dangerous
is that they can impair the functioning of this structure, causing interruptions to heartbeats or breathing.

2.5.6 Cerebellum

What’s grey on the outside, looks like two clams side by side, is about the size of your fist and without it
you’d fall over? The answer is your cerebellum.

Your ‘little’ brain

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 and that’s just what it looks like. 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.
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Cerebrum — key roles in
cognitive (thinking) processes
such as, conscious thoughts,
problem solving, decision
making, memory, language
and learning

Corpus callosum — a bridge of
of 100 million nerve fibres

that links the two cerebral
hemispheres

The surface of the
cerebrum is the
cerebral cortex.

Pineal

gland Hypothalamus

Pituitary gland

Cerebellum — responsible
for balance, coordinates
movement and has a role
in speech, language,

- Brain stem — regulates life
memory and learning.

support systems, such as heart
rate, breathing and blood pressure

Spinal cord

Taking charge

When you start learning a new skill, you have to think care-
fully about what you are doing. Once you have got the hang
of it, your cerebellum takes over from your thinking context
to tell your body what to do. Research has shown that when
the cerebellum is in charge, you can move faster and are
less clumsy. Other research suggests that long-term memory
traces for motor learning are located in your cerebellum and
that movement may help your thinking because of increased
signals travelling between your cerebrum and cerebellum.

2.5.7 Cerebrum

The cerebrum is the largest part of the brain and makes up about 90 per cent of your brain’s total volume.
The cerebrum is responsible for higher-order thinking (such as problem solving and making decisions)
and controls speech, conscious thought and voluntary actions (actions that you control by thinking about
them). The cerebrum is also involved in learning, remembering and personality.

The cerebrum is made up of four primary areas called lobes. Each of these lobes is associated with par-
ticular functions.

You can use a piece of paper to model how the cerebrum can fit into such a small area. If you screw up
the piece of paper so that it is roughly the size of your fist you can see how the cerebrum, with its large
surface area, can fit into a small area within your skull. Its many wrinkles and folds are the reason that only
about one-third of this structure is visible when you look at the outside of a brain.

learn RESOURCES — ONLINE ONLY

Watch this eLesson: Willis and the brain (eles-1783)
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2.5.8 Left and right — two brains in one?

Your cerebrum is divided into

. Although the left ight | hemisph h iali functi
two grey wrinkly cerebral ough the left and right cerebral hemispheres have specialised functions,

. . they communicate with each other. Depending on the task, you can switch
hemispheres — the right from one side of your brain dominance to the other a number of times each
cerebral hemisphere (mainly  day.

responsible for the left side
of your body) and the left
cerebral hemisphere (mainly
responsible for the right side 2. Ilearn best when | make up
of vour bOd) While each the whole picture after learning
y. .y ) o its parts.

hemisphere is specialised to

handle different tasks they
work together as an inte-

d whol v 4. | prefer to see or

grated whole, communicating experience a topic
with each other through a before | learn about it.

Right cerebral hemisphere Left cerebral hemisphere

1. 1 don’t mind randomness. . | prefer things in order.

. I learn best when | learn
the parts after seeing the
whole picture.

3. | want to use diagrams,
graphics and pictures.

. | want to use symbols,
words and letters.

. I like to read about a
topic first before it is
discussed in class.

linking bridge of nerve fibres 5 e collecting information . l like to collect
called the corpus callosum. about how things relate to relevant facts
each other. about a topic.

Although each cerebral
hemisphere processes infor- 6. | prefer learning environments
. . that are spontaneous rather
mation differently they are than structured.
both involved in putting _ _

. 7. |like novelty and surprises
together the total picture of without a definite outcome.
what you sense around you.

During your learning, it is
important to employ learning activities that utilise the strengths of both hemispheres (even if it can feel a
little uncomfortable sometimes). This will allow you to focus on ‘whole-brained’ learning.

. | prefer precise, organised
instructions.

. | want organisation
and predictability.

HOW ABOUT THAT!

Like your thumbprint, your brain is unique. Not only may it be a different size and weight from your friends, but
the learning connections between cells in your brain are different. These connections are made as a result of
your experiences and this forms your own personal ‘cognitive map’, which can change over time as you build
up more experiences. This difference in our brain’s ‘internal wiring’ can explain why people at the scene of the
same accident can have such different eyewitness reports.

2.5.9 Tasty words and colourful letters?

A small percentage of the population have their senses crossed and associate letters with a flavour, num-
bers with a gender and sounds with colour. This condition is known as synaesthesia. It has been likened
to receiving information in one sense and it triggering an experience in another. So while you might hear
music, the sounds trigger seeing particular colours! There

are thought to be at least 54 documented types of this con-

dition. Currently there is exciting research being conducted ~ Someone with synaesthesia might perceive

in this area, investigating how people with this condition zﬁ:\i‘/‘: Ltzt::rs and numbers as they are

form and remember memories. Some of these investigations '

involve the use of functional magnetic resonance imaging SY N A E ST H ES I A

(fMRI) to get a 3-dimensional image of the brain so that

the areas of the brain that are activated during different 01 234 6789

mental tasks can be recorded.
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INVESTIGATION 2.6

Brain dissection
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 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

gloves

Method and results
1. Construct a table with the headings shown below.

Appearance
Brain structure Colour Texture Other features Size
Cerebrum
Cerebellum
Brain stem

¢ Place the brain so that the cerebral hemispheres are at the top of the board and the brain stem is at the

bottom.

¢ |dentify the external features of the brain: the cerebral hemispheres, cerebellum and brain stem.
e 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.
2. 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 like the 7

one above. you
3. Draw a diagram of the sheep’s brain, labelling the external features. f i
e On your diagram, identify and label the part of the brain that controls the sheep’s: |
(a) heart rate 5\ N
(b) balance required for walking " 3
(c) ability to locate its lamb. Yo

4. Using your scalpel, cut the brain in half between the right and left hemispheres, and =
separate the two cerebral hemispheres.
5. Draw a cross-section of the brain. Be sure to label it!
¢ Now make a second cut down through the back of one of the hemispheres to see
inside the cerebellum and brain stem.
6. Record your observations.

Discuss and explain

7. (a) Which structures contained the grey and white matter?
(b) Find out why these structures are different colours.

8. Which part of the sheep’s brain is the biggest? Is this the same
pattern in human brains?

9. The brain is usually protected by a bony skull. It is also covered oA
with three layers of connective tissue called meninges and b4 X
surrounded by cerebral fluid. Suggest how the meninges and ) S S
cerebral fluid help protect the brain.

10. Summarise your findings.
11. Identify strengths and limitations of your investigation of the brain and suggest improvements.
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2.5.10 It’s a bit like a ...

Using analogies and metaphors can be very useful in helping you to connect information that you already
know to new information. An example that has been used in the past is ‘the brain is like a computer’. This
provides a framework of known ideas to relate to new ideas.

While analogies and metaphors and models can be very useful in your learning, they also have limita-
tions. The more we find out about the brain, the less suitable a previously used metaphor may be. Examples
of other analogies that have been used for the brain include comparing it to a hydraulic system, a telephone
switchboard and, more recently, an ecosystem in a jungle! These analogies often reflect the most current
technological innovation of the time.

Did you notice examples of analogies and metaphors mentioned throughout these pages? How effective
have they been in helping you ‘get a handle’ on new information about the brain?

2.5 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Name the organ that has been described as the control centre of your body.
2. |dentify the part of your brain that:
(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.
3. Use analogies to describe the appearance of the:
(@) brain
(b) cerebrum
(c) cerebellum.
4. Distinguish between:
(@) cerebrum and cerebellum
(b) left and right cerebral hemispheres
(c) cerebrum and cerebral cortex
5. Copy the cluster map shown and insert ‘cerebrum’, ‘cerebellum’ and ‘brain stem’ into their appropriate
location.

Investigate, think and discuss

6. Christopher Reeve, the actor who
played Superman in the early Superman Cluster map

movies, damaged h?s brain stem when Cognitive processes Balance and
he fell off a horse. Find out and report coordinated movement
on:
(a) the effect this had on his brain
function

(b) medical research that may help
others with such damage.

7. Find out more about the cerebellum and
how it may be involved in learning.

8. In teams, research the structure and Regulates life
functions of different parts of the brain. support systems

9. Brains react to music like a drug.
This was a claim made in the media |

in 2011. It was based on g scientific. Breathing Heart rate
study that used PET (positron emission

tomography) and fMRI brain scans
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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 their brains and the fMRI scan showed increased blood flow to the emotional response areas.
(a) For this investigation suggest:

(i) @ hypothesis

(i) the dependent variable(s) and independent variable

(iii)y an appropriate control group

(iv) controlled variables.
(b) Find out more about similar investigations. Is the media claim supported by your findings? Explain.

10. Find out more about the Nobel Prize winning physicist Richard Feynman, who described seeing equations
in colour, and the expressionist artist Wassily Kandinsky, who associated musical tones with specific
colours.

11. Recently a technique called diffusion tensor imaging (DTI) has been used to compare the connectivity
between the brains of grapheme—colour synaesthetes and non-synaesthetes. Find out more about this
research and the findings.

12. Work out whether you are left- or right-brain dominant:

(@) Give a mark out of 5 for each of the statements shown in the diagrams for each hemisphere of the brain.
(b) Add up the total score for each side. In which hemisphere of the brain did you score higher?
(c) What does this mean in terms of your learning?

13. Find out about different hypotheses regarding synaesthesia and the types of research that scientists are
currently involved in. On the basis of your findings, what hypothesis would you suggest?

14. Investigate why damage to the right side of the brain often affects the left side of the body.

15. What is meningitis and how does it affect the brain?

Investigate, think, create and design

16. Design an instruction manual to help someone learn a new physical skill. Be creative and make it fun and
exciting. Evaluate the effectiveness of your manual by trying it out on other students in the class.

17. Design an activity that uses the cerebellum to learn a more about the brain.

18. Nobel Prize winner Roger Sperry described the hemispheres of the brain as ‘each with its own memory’ and
‘competing for control’.
(@) Find out why Roger Sperry was awarded the Nobel Prize in medicine in 1981.
(b) Do you agree with his comments about the brain’s hemispheres? Explain.
(c) Construct a model of the right and left hemispheres that creatively shows the types of tasks that they

are involved in.

19. Construct a labelled model of the brain using food, coloured plasticine or other materials.

20. The cerebrum is made up of four primary areas called lobes. Each of these lobes is associated with
particular functions. Find out which of the following terms is associated with each lobe and then construct
a completed mind map. Terms to use include words, pictures, explicit memory, hearing, sensory, motor,
spatial, decision, planning, working memory, vision, colours, movement and higher-order thinking.
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Analyse and discuss

21. The table at right shows the brain size as a Animal Brain size as % of body mass

percentage of body mass for a number of animals.

Use this data, your own knowledge (and other Mouse 10

resources if required) to answer the following Chimp 0.8

questions. Elephant 0.1

(@) Construct a graph using the information in the table. Dolphin 1

(b) Comment on any trends or patterns in the graph.

(c) Suggest and discuss two possible explanations for Cat 1
the observed patterns. Human 2

(d) Suggest a relevant hypothesis that could be
investigated.
(e) Formulate three questions about how the data was
collected (method used).
(f) Suggest three relevant questions that could be further investigated.

2.0 Endocrine system — slow control

2.6.1 Helpful hormones

Thirsty? Too hot or too cold? Feeling
different or noticing changes in how
you look, feel or act? Chemicals in
your blood not only help to keep you Parathyroid glands
balanced, but are also very important
in controlling and coordinating your
growth and development.

Your nervous system is not the
only means of controlling and coor-
dinating activities in your body. Your
endocrine system uses chemical mes-
sengers called hormones. They are
produced in your endocrine glands  oyaries
and are released directly into your  (infemales)
bloodstream.  Although hormones
are carried to all parts of your body, gssr;ZSIeS)
only particular cells have receptors f Adrenal glands
for particular hormones. It is a little
like radio signals, which are sent out
in all directions but picked up only by
radios attuned to a particular signal.

These target cells are attuned to the
hormones carried through your body
and respond in a particular way.

Hormones control and regulate functions such as metabolism, growth, development and sexual reproduc-
tion. Like the nervous system, the endocrine system detects a change in a variable, and often acts using a neg-
ative 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.

Some of the main glands of the endocrine system

Pituitary gland

Pineal gland

. Hypothalamus

Thyroid

Pancreas gland
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Examples of endocrine glands and their hormones

Endocrine glands

example
hormone
Anti-diuretic
Thyroxine Aldosterone Progesterone
. m hormone (ADH)
response

Raises basal Controls concentration Lowers blood Causes reabsorption Controls menstrual
metabolic rate of sodium and glucose levels of water in kidneys cycle and pregnancy
potassium ions
in blood

2.6.2 Endocrine glands in your brain

Endocrine glands are located in various parts of your body. Your pituitary gland, the hypothalamus and the
pineal gland are examples of endocrine glands that are located in your brain.

I’m the boss! The pituitary gland is 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.

Feeling hungry or too hot? Your 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 pleasure and pain. The hypothalamus links your nervous
system to your endocrine system and is involved in reflex actions such as those involved in the beating of
your heart and breathing.

Feeling sleepy? Your pineal gland produces the hormone melatonin which controls body rhythms such
as waking and sleeping.

2.6.3 Keeping balance

Keeping warm

Negative feedback helps our body to keep its internal conditions stable so that you can function effectively.
An example of this is if your body temperature is too low. The decrease in body temperature acts as the
stimulus, which is detected by thermoreceptors in your body. This message is taken to the hypothalamus,
which activates warming mechanisms. One of these mechanisms involves the thyroid gland. It responds by
secreting the hormone thyroxine, which increases the metabolic rate of cells, releasing heat to warm you.
Raising body temperature reduces the need for the hypothalamus to direct the thyroid gland to secrete thy-
roxine. Regulation of body temperature is referred to as thermoregulation. This process shown on the next
page (and in more detail on page 44) provides an example of how the endocrine and nervous systems both
work together to keep your body functioning effectively.
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Sweet control

The regulation of blood glucose levels involves your endocrine system and negative feedback. After you
have eaten a lot of sugary food, your blood glucose levels increase. This rise is detected by cells in your
pancreas, which then secretes the hormone insulin. 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 conver-
sion of glucose into glycogen, which is then stored. The result is that blood glucose levels return to their
‘normal’ levels (see page 42).

If a decrease in blood glucose levels is detected, the pancreas secretes the hormone glucagon. This hor-
mone also travels in the blood to the liver and muscle cells, but in this case the response is that glycogen is
broken down into glucose. Glucose is released into the blood, increasing blood glucose levels back to their
‘normal’ level (see figure below).

Response
Stimulus Glucagon released and
) Receptor Control Effector : <
Decrease in blood triggers glycogen to
Chemoreceptors centre Pancreas :
glucose levels break down into

glucose

Negative feedback
Stimulus of low blood glucose levels
is removed because blood glucose
levels have returned to normal

Stimulus Control centre Response
Decrease in Receptor Hypothalamus Effector Thyroxine released and
| u
Thermoreceptors yp' ) Thyroid gland : Y :
body temperature in brain increases cells’ metabolic rate

Increase in
Negative feedback body temperature

Reproductive control?

The endocrine system also plays a key role in controlling and coordinating human reproduction and
development.

His hormones ...

When a male has reached puberty, his pituitary gland secretes luteinising hormone (or LH). LH acts on
his testes to produce another hormone called testosterone. An increase in testosterone levels causes his
sex organs to grow and testes to begin to produce sperm. Other secondary sex characteristics are increased
muscle development, changes in his voice, muscle and hair growth and hormones.

Her hormones ...

When a female has reached puberty, her pituitary gland secretes follicle-stimulating hormone (or FSH).
FSH then acts on her ovaries, and follicles (structure in which the egg develops) begin to grow. A hormone
called oestrogen is secreted by the growing follicles, 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 hypothal-
amus 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.

TOPIC 2 Control and coordination 71



(@) The male reproductive system
(b) The internal structure of the testes
(c) An increase in the level of testosterone during puberty triggers the testes to produce sperm cells.

© ALHIN

Primary

Urinary
\. bladder

Seminal vesicle

spermatocyte (b @ ./\

' Sperm cells<—t n

Vas deferens

Prostate gland

\ {J/Ul K— Scrotum
7’ Capsule of testis

Urethral opening

Tubules Vas deferens

Testis

Once ovulation has occurred, the empty
follicle from which the egg was released "
becomes a corpus luteum. This structure - = ,v Fallopian tube
secretes another hormone called proges- ' ™y 2 =0
terone. This hormone continues to prepare
the uterine lining for pregnancy. If fertil-
isation does not occur, both the ovum and
corpus luteum break down. This causes the
progesterone levels to drop and hence the Lining of uterus
lining of the uterus (endometrium) to break Cervix
down. Blood and uterine lining are dis-
charged 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.

The female reproductive system

\ (f‘ ’
£
Implantation

Vagina

Ovary

—i”

2.6.4 Harnessing hormones

Hormones can be harnessed to either increase or decrease fertility. In some situations, hormones can even be
involved in aborting embryos. There are a number of issues that have been expressed about the production, avail-
ability, uses and consequences of these hormones.

2.6.5 Harnessing hormones for her

A commercially produced hormone RU486 (Mifeprex), also known as the abortion pill, is one such example.
RU486 not only offers possibilities of contraception, but it also can terminate a pregnancy by blocking the
action of progesterone. This causes the lining of the uterus to break down so that the embryo is unable to
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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. The possibility of using this pill as an abortion option, however, has
resulted in a division of opinions as to whether it should be made widely available in Australia. There have
been some reports suggesting that it is being over-used in other countries.

While other hormone-based
contraceptives are increasingly
available, they are no longer
seen only in a pill form. They are
now appearing in patches, gels,
implants and insertable vaginal
rings. There is also research on
the development of a ‘morn-
ing-before’ pill. 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.

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 fer-
tilised 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.

2.6.6 Harnessing
hormones for him

Scientists are working on devel-
oping male contraceptive pills.
These are based on combina-
tions of androgen and proges-
terone. Androgen blocks sperm
development and progesterone
blocks testosterone production.
While combinations of these
hormones may be used to pre-
vent fertility, there are possible
side effects that need to be
considered.

The effect of LH and FSH on the follicles

e Blood levels

of LH

s Blood levels

of FSH

FSH fron
pituitary causes |
follicles to grow.

anterior

Growth of follicle

LH from anterior pituitary causes
size of follicle to‘ increase and egg
is released.

& Ego
released

oestrogen

= Blood levels of }

= Blood levels of
progesterone

'RTER.

Growing follicles produce

oestrogen.

1 |i|llx

Corpus luteum also
produces progesterone.

Lining of uterus breaks

Oestrogen causes

lining of uteru
to thicken.

down because
fertilisation did not
occur in prewous cycle.

7]

Progesterone prepares
lining of uterus for
pregnancy.

Day 0O

Menstruation] Formation of follicles l Secretion by corpus luteum

MENSTRUAL CYCLE
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2.6 Exercises: Understanding and inquiring

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the term with its description in the table below.

Anti-diuretic hormone (ADH) Increases blood glucose levels
Glucagon Lowers blood glucose levels

Insulin Increases metabolic rate of cells
Oestrogen Causes testes to produce sperm
Progesterone Controls menstrual cycle and pregnancy
Testosterone Causes thickening of the uterine lining
Thyroxine Causes reabsorption of water in kidneys

. Identify three endocrine glands located in your brain.
. What are hormones and where are they produced?
. Are all parts of the body affected by a particular hormone? Explain.
. Describe how hormones are transported throughout the body.
. Outline why the pituitary gland is often referred to as your ‘master gland’.
. Provide an example of negative feedback that includes the involvement of a hormone.
. Distinguish between:
(@) hormones and endocrine glands
(b) menstruation and ovulation
(c) endometrium and uterus
(d) testes and sperm.
9. Describe the relationship between the:
(@) pancreas, liver, glucose, glucagon, glycogen and insulin
(b) pituitary gland, LH, testes, testosterone and sperm
(c) pituitary gland, FSH, ovary, oestrogen, follicles, uterine lining, hypothalamus, LH, ovum, fallopian tube
and ovulation
(d) corpus luteum, uterine lining, progesterone and menstruation.
10. Explain why adrenaline is referred to as the ‘fight or flight’ hormone.
11. (@) What are other names for RU4867?
(b) Why do people use RU486 and how does it work?
12. Other than pills, in which forms can hormone-based contraceptives be used?
13. (a) Name the two hormones that may be used in a male contraceptive pill.
(b) Outline how these hormones can be used to prevent fertility.

O ~NO O WDN

Think and discuss
14. Suggest how you could link the endocrine High blood

system terms in the flowchart at right. glucose
Glucagon Insulin Pancreas -

|
1
1
A 4 .’

v . Decreases
Glycogen Glucose N Serd as
f Broken
] down into
! Increases
|
Low blood
glucose
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15.

16.
17.
18.

Use the information provided in this subtopic to make up your own summary mind map on the endocrine
system.

Suggest some advantages and disadvantages of the effects of adrenaline in modern-day living.

How might hormone replacement therapy help reduce the effects of menopause in women?

What three things do the endocrine system and the nervous system have in common?

Create

19.

Use the question 14 diagram and the diagrams to help you write and act out a play about how blood
glucose is controlled in your body.

Investigate, discuss and present

20.

21.

22.

23.

24.
25.
26.
27.
28.

29.

Discover more about the hormones used to increase milk or food production (for example, lactation in cows

and goats or growth in cows, sheep or chickens). Gather information on the advantages and disadvantages

of these hormones. Use the information in a class debate entitled: Hormones should be used to increase

food production for humans.

Find out and report on hormones that could be used to the advantage of humans. Present your information

in an advertising brochure.

A synthetic chemical called pyrethrin is increasingly being used in sheep dip. It breaks down within a few

days, but during that time it can kill many types of invertebrates in the waterways.

(@) Why are sheep di