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PREFACE

To the science student

Science is much more than a body of knowledge. It is a way of thinking and learning, which we refer to as
Science Inquiry. Science helps you 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 inquiry.

Global pandemics, climate change, overpopulation, famine, pollution, resource shortages, the potential use of
biological and nuclear weapons, and issues associated with genetic engineering currently challenge the world
as we know it. Possible solutions to some of these challenges may be found by applying 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 and water in your home.

Science inquiry involves both identifying problems that need to be solved, and planning and conducting
investigations. It involves collecting, processing and interpreting evidence so that useful conclusions can be
reached. Science inquiry could involve, for example, investigating whether life is possible on other planets,
discovering how to make food crops grow with less water, finding out how to swim faster, developing a vaccine
for COVID-19 and even finding a cure for cancer. Science inquiry usually involves working with a team. The
outcomes of science inquiry should be shared with other scientists and the community at large.

You live in a time in which the growth of scientific knowledge and technological development is occurring faster
than ever before. A consequence of this is that learning how to learn has become just as important as learning
itself. Science Quest has been designed with this in mind, taking you on a quest for both scientific knowledge
and inquiry.

To the science teacher

This edition of the Science Quest VC series has been developed to enhance the already comprehensive suite of
engaging and innovative resources tailored to the Victorian Curriculum of the previous edition. It provides both
activities that focus on seven general capabilities (literacy, numeracy, ICT competence, critical and creative
thinking, ethical behaviour, personal and social competence, and intercultural understanding) and differentiated
learning. The history and culture of Aboriginal and Torres Strait Islanders, Australia’s engagement 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’.

Science Quest provides the basis for the development of a course of study based on the Victorian Curriculum.
This new edition incorporates practical activities and resources that provide tools for science inquiry in remote
learning settings as well as in the classroom.

We have attempted to make the Science Quest VC series a valuable asset for teachers, and interesting and
relevant to the students who are using it. Science Quest VC 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 provide 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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ABOUT THIS TITLE

New features!

Jacaranda Science Quest Victorian Curriculum Second Edition has been completely revised and updated to
help teachers and students navigate the Victorian Curriculum syllabus. The Jacaranda Science Quest series
is designed to enrich the learning experience and improve learning outcomes for all students. The series is
available across a number of digital formats: learnON, eBookPLUS, eGuidePLUS, PDF and iPad app.

DIGITAL
learnON eBookPLUS eGuidePLUS PDF iPad app Print
A
R A 3 X
\ - =

An immersive, An electronic Everything in the Downloadable Access trusted Printed textbook
interactive and version of the eBookPLUS plus  PDFs directly from Jacaranda with free digital
flexible online  student text, with additional resources  your Jacaranda content both access code

learning course  digital resources designed for teachers bookshelf online and offline inside

Teaching Science inquiry skills, sparking curiosity

Science is an engaging, dynamic, inquiry-based subject that provides students with the opportunity to understand
the world around them. The understanding of science involves more than understanding concepts; it also
involves learning how to inquire, communicate and investigate scientifically. Science inquiry skills (SIS) are
integrated throughout, through explicitly targeted SkillBuilders and a dedicated, stand-alone science inquiry
topic that introduces students to the key components of predicting, conducting, designing, communicating and
evaluating scientific investigations. This topic has been specifically tailored for each year level in content and
complexity, to show the progression of inquiry skills throughout students’ studies of science. Throughout the
topics, students will find links to SIS alongside exercises and activities.

This suite of resources is designed to allow for differentiation, flexible teaching and multiple entry and exit
points so teachers can teach their class their way.

Inquiry questions are extended to a
Science inquiry activity to encourage
creative thinking, collaboration,
problem solving and scientific
communication.

+. An online Practical
investigation eLogbook is
available for customisation
and printing.

an Overview,
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conducting
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to inspire their
curiousity.




Exercise sets at the end of
each subtopic allow students

to check and apply their
understanding.

Corrective feedback and
sample responses are
available online for every
question.

Definitions are provided wit
the content to help students
understand key terms; online,
definitions are included as
clickable pop-up notes.

Content is presented using
age-appropriate language
and a wide range of engaging
interactivities, diagrams and
images to support concept
learning.

Resource summaries for
each topic help teachers
and students to find online
resources easily and quickly.

A range of questions and a
post-test are available online
and in print to test students’
understanding of the topic.

Summaries and key terms are
available in every topic review
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differentiation while allowing all students to
work on the same subtopic.

Level 1 Try these for initial understanding.

Level 2 Try these when you're feeling more
confident.

Level 3 Try these when you're ready to try
something harder.

2 (%) practical investigations
throughout each topic provide students
with opportunities to engage with
science and develop an understanding of
content and science skills.
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ACCESS ALL OF YOUR ONLINE
RESOURCES

Using learnON

The Jacaranda Science Quest Victorian Curriculum series learnON resources provide an immersive digital
learning platform that provides teachers with valuable insights into their students’ learning and engagement.
Hundreds of engaging videos and interactivities are embedded just where you need them — at the point of
learning. learnON provides a deeper, richer and more meaningful teaching and learning experience for educators
and their students in today’s digital world, with important additional features that allow you to assign, mark and
track student work. The platform can monitor and report progress in real time to give you immediate insights
into student achievement. This helps you to easily isolate areas in which students (or groups of students) need
additional support or extension.

learnC)

Systems: Ecosystems

4.2

1111111

The learnON platform gives you the control over your students’ learning pathways.

Some of the many benefits of the learnON platform include:
* online questions with a 1 : 1 correspondence to questions in print
e real-time immediate corrective feedback and fully worked solutions
for every question to help students get unstuck
e anew side-by-side lesson view, enabling access to reading content l earn
and question sets on one screen
¢ hundreds of videos and interactivities to bring concepts to life JACARANDA

e customisable course content, giving teachers more flexibility to S Cien ce Qu est

create their own course

VICTORIAN CURRICULUM

e the ability to connect students and teachers in a class group SECOND EDITION

e the ability to separate a class into subgroups, making differentiation
simpler

e dashboards to track progress

e immediate insight into student progress and performance using the ] acaranda
Results page Groema Lofts | Merrin J, Evergreen A Wiiey Brand

e the ability to send important documents to the class
e formative and summative assessments.

x ACCESS ALL OF YOUR ONLINE RESOURCES



Customise student learning

At Jacaranda, we understand that no-one knows
your students’ learning needs better than you. With
learnON, you can tailor each task and assign it

to individual students, create your own groups or
assign to the whole class. You have complete control
over assigning questions or tasks for each student,
whether they are for practice or assessment, due
dates and when students have access to results.

You also have the ability to hide specific parts of
the reading content from student view, to allow for
closed-book tests or to create your own pathway
through the material for your class.

Track activity

The learnON platform provides real-time summaries
of student activity. At a glance, you can see how long
a student spends reading content pages, how many
question-sets they have attempted and their progress
with assessment tasks.

The Resources tab in
learnON contains all
the digital resources
available for each
topic, broken

down into various
categories.

Course content
can be hidden from
students, making it
easy to create and
customise courses.

Receive real-time
immediate corrective
feedback when
answering questions
online in learnON.

Provide meaningful feedback — quickly and easily

The learnON platform also provides an easy-to-navigate marking interface that allows you to see student

responses, comment on and mark their work.

Gain deep insights into
student performance

You also have access to detailed reports on student
progress that allow you to filter results for specific
skills or question types. With learnON, you can
show students (or their parents or carers) their
own assessment data in fine detail. You can filter
their results to show their development with each
proficiency strand, skill, topic or subtopic. Results
are also colour-coded to help students understand
their strengths and weaknesses at a glance.

Keep track of your ‘to do’ list

The learnON dashboard gives students and
teachers a clear picture of their progress
throughout the year. For teachers, it provides

a visual summary of upcoming assessment
deadlines, student submissions waiting to be
marked and overdue tasks. For students, it
providers reminders of due dates and notifications
about the availability of feedback and marked
tasks.

The Reports page
tracks student
progress over time,
where results can

be filtered in many
different ways.

KGEYTF
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NEW in the Jacaranda Science Quest VC series

eWorkbook for Science Quest

The eWorkbook is the perfect
companion to the series, adding
another layer of individualised
learning opportunities for students,
and catering for multiple entry and
exit points in student learning. The
eWorkbook also features fun and
engaging activities for students

of all abilities and offers a space
for students to reflect on their own
learning.

GRASME LOFTS | MERRIN

eWORKBOOK

FOR

SCIENCE QUEST

WIETORAAN CURSICULUN | SECEND OmCe

The new eWorkbook and eWorkbook solutions are available as downloadable PDFs or customisable Word

documents in learnON.

Practical Investigation eLogbook for Science Quest

The practical investigation
eLogbook ignites curiosity through
science investigation work, with

an extensive range of exciting and
meaningful practical investigations.
Aligned with the scientific method,
students can develop rich science
inquiry skills in conducting
scientific investigations and
communicating their findings,
allowing them to truly think and
act like scientists!

et

INVESTIGATION 6.1
Investigating the props
liquids and gases

TEACHER LABORATOR)

S

INVESTIGATION 6.2
Ranking substances

TEACHER LABORATOR'

[H= -

INVESTIGATION 6.3
Measuring the volume
shaped solid

TEACHER LABORATORY

e e i o e < st

GRAENE LOFTS | MERRIN | EVERGREEN
PRACTICAL INVESTIGATION

eLOGBOOK
SCIENCE QUEST 9

VICTORIAN CLRRCULLM | SECOND EXMON

The practical investigation eLogbook is supported with an unrivalled teacher and laboratory guide, which
provides suggestions for differentiation and alteration, risk assessments, expected practical results and

exemplary responses.

teachON

teachON offers teachers time-saving support

and inspiration, with ready-made lesson plans,
practical teaching advice, differentiated work
programs, extensive practical and lab support

and customisable assessment. With access to the
learnON platform, teachers also receive immediate
insights into their students’ performance and

engagement.

xii ACCESS ALL OF YOUR ONLINE RESOURCES
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1.1 Overview

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.

1.1.1 Introduction

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.

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

the scientific method. This ensures your results are reliable and robust. If the results of your investigation do

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

FIGURE 1.1 The best way to understand science is to
conduct your own investigations

Resources

Video eLesson Australia’s top scientists (eles-1079) @ FlrSmasen e 0.

. L ¢ A
Watch this video eLesson to hear what inspires Australian scientists. The scientists 4 1

in this video have been recognised as leaders in their fields of research and are
elected fellows of the Australian Academy of Science.

Weblink The Australian Academy of Science

1.1.2 Think about science

How do all scientific investigations begin?

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

What is a controlled variable?

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

How does a data logger improve the gathering of data?

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

Noghrobd=

2 Jacaranda Science Quest 9 Victorian Curriculum Second Edition



1.1.3 Science inquiry

Scientific inquiry starts with a question

Questions, questions, questions! That’s what scientific research is all about — questions such as:
® How old is the universe?

Why did dinosaurs become extinct?

What is the smallest particle inside an atom?

How can the common cold be cured?

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

FIGURE 1.2 What is the best shape for a boomerang?

Although you are unlikely to even attempt to try to answer the preceding questions in your school science
laboratory, there are many scientific questions that you can answer. Here are some examples.
® Does an audience affect the performance of an athlete?
What is the best shape for a boomerang?
Which type of soil do earthworms prefer?
How do heating and cooling affect the way that rubber stretches?

What can | investigate?

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

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

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

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

Resources

eWorkbooks Topic 1 eWorkbook (ewbk-5276)

Student learning matrix (ewbk-5278)

Starter activity (ewbk-5279)

Access and answer an online Pre-test and receive immediate corrective feedback

Iearn and fully worked solutions for all questions.
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1.2 Scientists through the ages

LEARNING INTENTION

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

1.2.1 Early scientists

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

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

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

FIGURE 1.8 The Ancient Greek philosophers were some of the first people to question the nature of the world.

ZoicpanG AP1oToTENG

Platon Socrates Aristotéles

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

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

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

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

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

the father of modern medicine.

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

1.2.2 The scientific revolution

The way in which scientists worked changed greatly during the
lifetime of Galileo Galilei (1564—1642), who is probably best
known for being the first person to use a telescope to study

the Moon, planets and stars. Galileo also performed many
experiments to investigate the motion of objects on the

Earth’s surface.

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

Galileo’s legacy

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

FIGURE 1.4 Galileo Galilei

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

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

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

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

FIGURE 1.5 Original model of DNA made by Watson
and Crick

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

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

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

scientists to understand inherited diseases, and enabled the new field of
genetic engineering to emerge.

These include:

® genetic identity testing for forensic analysis

¢ identifying genetic diseases including Down syndrome and
Huntington disease

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

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

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

1.2.3 Working in teams

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

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

Resources

assess 1)) Additional automatically marked question sets
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1.2 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,4 3,57 6,8

Remember and understand

1. @ Ancient Greek philosophers began the development of what is now called ‘the scientific method’.
It was based on observations and:
A. hypotheses
B. thinking
C. looking
D. sleeping.
2. According to Aristotle, all matter was composed of four elements. What were those elements?
3. Why was Galileo described by many as the founder of the scientific method?

Apply and analyse

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

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

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

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

Evaluate and create

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

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

1.3 Accidents and observations

LEARNING INTENTION

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

1.3.1 A matter of luck?

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

TOPIC 1 Investigating science 7



CASE STUDY: The world’s first electric cell

The very first electric cell was created by accident over
200 years ago. Luigi Galvani, an Italian physician, was
dissecting the leg of a recently killed frog. The leg was
held by a brass hook (figure 1.7). When he cut the leg
with an iron knife, the leg twitched. Galvani investigated
further by hanging the frog’s legs on an iron railing with
brass hooks. Whenever the frog’s legs came into contact
with the iron railing, they twitched. Galvani incorrectly
proposed a theory of ‘animal electricity’ as the reason
behind the muscle spasms.

FIGURE 1.7 Galvani’s experiments on frog’s legs
helped to understand electric charge.

Reports of Galvani’s observations reached his friend
Alessandro Volta, another Italian scientist. Volta
suggested that the twitch was caused by a sudden
movement of electric charge between the two different
metals. The frog’s flesh, he suggested, conducted the
charge. Galvani had, without realising it, produced
the world’s first electric cell. The galvanometer, an
instrument used to measure small electric currents,
was named after Luigi Galvani. galvanometer an instrument
used to measure small electric
currents; named after Luigi
Galvani

CASE STUDY: X-rays

X-ray images allow doctors, dentists and veterinarians

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

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

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

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

X-rays were discovered by accident in 1895 while
German physicist Wilhelm 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. Rdntgen noticed that whenever electrons
were passing through the tube, the photographic plate glowed. This was puzzling because the glass tube
was wrapped in heavy black paper and, since the room was in total darkness, there was no light to expose
the photographic plates.

Roéntgen 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.

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

Penicillin is one of the most commonly used drugs in the treatment of diseases
caused by bacteria. The discovery and production of penicillin followed a series penicillin a powerful antibiotic
of accidental observations. The first observation of penicillin was made in 1928 by substance found in moulds of the

Scottish bacteriologist Sir Alexander Fleming. GRS ATl e LS gy
disease-causing bacteria

Fleming’s interest in bacterial diseases intensified during World War I, when he was lysozyme a chemical (enzyme) in
treating wounded soldiers. He noticed that the antiseptics used to treat wounds killed human teardrops able to kill some
white blood cells more quickly than the harmful bacteria they were designed to kill. types of bacteria as part of your

The white blood cells form part of the body’s natural resistance to bacteria. body’s natural defence
After the war, Fleming began searching for substances that would kill bacteria without harming the body’s natural
defences.

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

FIGURE 1.9 Fleming noticed the Penicillium notatum mould stopped the growth of 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 (figure 1.9). He later admitted that if it had not been for his
earlier experience with the teardrop, he may have thrown the dish
away because it had been spoiled.

Penicillium

Zone of growth
that inhibits

Bacteria

FIGURE 1.10 Mass production of
penicillin has helped save millions of
lives since World War II.

——

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 Il. Fleming,
Florey and Chain shared the Nobel Prize in Medicine in 1945 and
their work has saved millions of lives.
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Resources

assessm Additional automatically marked question sets

1.3 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,3 4,6 57

Remember and understand

1. Which modern-day device was accidentally created by Luigi Galvani?
2. What form of radiation was discovered by Wilhelm Réntgen?
3. Which drug was later produced as a result of Alexander Fleming’s accidental observation?

Apply and analyse

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

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

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

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

Evaluate and create

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, Rontgen and Fleming? Explain your answer.

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

1.4 A question of ethics

LEARNING INTENTION

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

SCIENCE AS A HUMAN ENDEAVOUR: Science and ethics

Ethics is the system of moral principles on the basis of which people, communities g::::g;::::ﬁ;i%:;?g;ihiCh
and nations make decisions about what is right or wrong. Scientific inquiry takes place people, communities and nations
in communities that have political, social and religious views and is undertaken by make decisions about what is
people who have personal views about all sorts of issues. It is a human endeavour and right or wrong

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.

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

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

Animal testing

Animals are used in scientific research in many ways, including: to
test the effects of potential drugs; to test cosmetics for allergies;
to understand the functioning of parts of the body; and to test new
surgical techniques. In some research and testing, the animals

die. Animals used include monkeys, bees, mice, worms and dogs,
among others.

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

DISCUSSION

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

Medical research

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

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

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

* What is the fundamental purpose of developing pharmaceuticals?

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

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

DISCUSSION

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

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

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

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

e contain added nutrients (rice).

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

EXTENSION: Unusual research methods uncover the cause of stomach ulcers

When Barry Marshall and Robin Warren came

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

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

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

Resources genetic modification (GM)

the technique of modifying the

assess[]]) Additional automatically marked question sets genetic structure of organisms
making it possible to design
organisms that have certain
characteristics
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1.4 Exercise

learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,4 3,6 57,8

Remember and understand

1. Identify an iliness that affects people worldwide and kills millions in poor countries but almost no-one in

Australia.

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

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

Apply and analyse

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

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

Evaluate and create

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

special label to show that it contains GM ingredients.

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

your arguments.

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

1.5 Your own investigation

LEARNING INTENTION

At the end of this subtopic you will understand the scientific method and be able to design your own investigation

with attention to variables, reports and scientific processes.

1.5.1 The scientific method

As a science student you are required to undertake scientific investigations. These
investigations will not only help you understand scientific concepts, they can be

a lot of fun! Scientists around the world all follow what is known as the scientific
method (figure 1.13). This allows scientists to examine each other’s work and
build on the scientific knowledge gained. An important aspect of science is being
able to reproduce someone else’s experiment. The more evidence a scientist has
about a theory, the more accepted the theory will be.

scientific method a systematic
and logical process of
investigation to test hypotheses
and answer questions based on
data or experimental observations
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FIGURE 1.13 The scientific method
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The skills you will develop in conducting scientific investigations include the following:
e questioning and predicting
¢ planning and conducting
e recording and processing
e analysing and evaluating
e communicating scientifically.

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

going to do when you get there.

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

Finding a topic

The first step in the scientific method is to develop a research question. You can think of this as finding a topic.
Your investigation is much more likely to be of high quality if you choose a topic that you will enjoy working

on. These steps might help you choose a good topic:

1. Think about your interests and hobbies. They might give you some ideas about investigation topics.

2. Make a list of your ideas.

3. Brainstorm ideas with a partner or in a small group. You might find that exchanging ideas with others is

very helpful.

4. Find out what other students have investigated in the past. Although you will not want to cover exactly the
same topics, investigations performed by others might help you to think of other ideas.

5. Do a quick search in the library or at home for books or newspaper articles about topics that interest you.
Search the internet. You might also find articles of interest in magazines or journals. You could use a table

like table 1.1 to organise your ideas.

TABLE 1.1 Summary of topic research

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

Topic ideas
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FIGURE 1.14 Finding a topic to investigate
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Making observations and asking questions

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

Danish scientist Hans 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 electric currents affected
compass needles. The results of his experiments started a flood of inventions, including electric generators

and motors.

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

* no audience

e aquiet audience

e acheering audience.

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

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

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

Defining the question

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

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

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

1.5.2 Keeping records

A logbook is an essential part of a long scientific investigation. It provides you with a logbook a complete record of

complete record of your investigation, from the time you begin to search for a topic. an investigation from the time a
Your logbook will make the task of writing your report very much easier. search for a topic is started
L . . . bibliography list of references
A logbook is just like a diary. Make an entry whenever you spend time on your and sources at the end of a
investigation. Each entry should be clearly dated. It’s likely that the first entry scientific report
will be a mind map or list of possible topics. Other entries might include: blog a personal website or web
page where an individual can
e notes on background research conducted in the library; include all the details upload documents, diagrams,
. . . photos and short videos, add
you will need for the bibliography of your report (see section 1.5.8)

. . . links to other sites and invite
e arecord of the people that you asked for advice (including your teacher), other people to post comments

and their suggestions

e diagrams of equipment, and other evidence that you have planned your
experiments carefully

e all of your ‘raw’ results, in table form where
appropriate

¢ an outline of any problems encountered and
how you solved them

e first drafts of your reports, including your
thoughts about your conclusions.

FIGURE 1.17 A blog used as a logbook for a
student research investigation

An online logbook

An exercise book can be used as a logbook, but there
are several advantages in maintaining your logbook
online in the form of a blog or in a program such as
OneNote. If you choose to use a blog to record your
investigation, there are many sites that will allow
you to set up a free blog (figure 1.17). Your teacher
might be able to provide some suggestions. Once
you set up a blog, every entry you make will be dated
automatically. You can upload documents, diagrams,
photos and short videos. You can also add links to
other sites and invite friends, family and teachers to
post comments about your progress.
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There are some precautions that you should take if you decide to use a blog as a logbook.
e Limit your posts to those related to your science investigation. Don’t use your logbook blog for social

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

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

go to school

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

your first name or a nickname.

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

have access to the blog.

1.5.3 Designing the experiments

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

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

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

e how you will record and analyse your data.

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

Understanding variables

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

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

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

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

For example, if you were performing an experiment to find out which brand of
fertiliser was best for growing a particular plant, the independent variable

would be the brand of fertiliser. The dependent variable would be the heights of the
plants after a chosen number of days.

When you are testing the effect of an independent variable on a dependent
variable, all other variables should be kept constant. Such variables are called

valid sound or true. A valid
conclusion can be supported
by other scientific investigations.

variable quantity or condition that
can be changed, kept the same or
measured during an experiment
independent variable a variable
that is deliberately changed
during an experiment

dependent variable a variable
that is expected to change when
the independent variable is
changed. The dependent variable
is observed or measured during
the experiment.

controlled variables the
conditions that must be kept the
same throughout an experiment
fair testing a method for
determining an answer to a
problem without favouring any
particular outcome; another name
for a controlled experiment

controlled variables. For example, in the fertiliser experiment, the type of plant, amount of water provided
to each plant, soil type, amount of light, temperature and pot size are all controlled variables. The process of

controlling variables is also known as fair testing.

Writing a hypothesis

A hypothesis is a statement that predicts what you think will happen in your experiment. It links the independent

and dependent variables in a sentence, which can be both tested and proven wrong.

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

for the investigation.
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The need for a control

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

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

Valid experiments

A valid experiment measures what it actually sets out to measure. If your aim was

to find out whether watering plants with sea water affects their growth rate,

control an experimental set-up in

comparing the number of radish seeds that germinate after one week when watered which the independent variable
with tap water or sea water would not be a valid method because it does not actually is not applied that is used to

measure growth rate. It tests the effect of sea water on seed germination.

Repeatable and reliable experiments

ensure that the result is due to
the variable and nothing else

reliable data data that is able
to be replicated in different

Replication is the repeating of an experiment to make sure you have collected reliable circumstances but the same

data. In the case of the fertiliser experiment, a more reliable result could be obtained

conditions

by setting up two, three or four pots for each brand of fertiliser or having a number of
seedlings in each pot. The results are checked for consistency and an average result for each brand or the control
could then be calculated. An average result for each brand or the control could then be calculated.

A reliable experiment provides consistent results when repeated, even if it is repeated on different days and

under slightly different conditions; for example, in a different room or with a different researcher collecting the
data. Replication increases the reliability of an experiment. This can involve simply doing the same experiment
a few times, or having different groups repeat the same experiment and pooling the data gathered by each group

when writing the report.

Surveys

A survey is a list of questions that you ask to a large group
of people. Some surveys are read out, sometimes over

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

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

has been gathered through the use of surveys, sometimes

in combination with other tests. To investigate whether there
is a link between diet and blood pressure, researchers might
collect data about the participant’s diet through the use of a
survey.
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FIGURE 1.19 Surveys are often conducted
using multiple-choice questions.
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These are some features of well-designed surveys:
e A large sample size is used — many participants take part in the survey.
e Questions are unambiguous — participants can understand the questions.
¢ A control group is used or, where appropriate, different degrees of exposure to the factor under
investigation. An investigation on the effect of loud music on hearing could include a survey where
participants were asked about the number of concerts and dance parties they attended over the last
12 months and the participants’ hearing could be tested. The data would be of little value if all the
participants had a similar level of exposure to loud music. The participants need to be people who are
exposed to loud music frequently, some occasionally and some rarely.
Data can be analysed mathematically. Multiple-choice questions often lend themselves better to this type of

analysis.

1.5.4 Using information and communications technology

Computer hardware and software are important tools used by scientists during their investigations.

For example:
e spreadsheets can be used to organise and analyse data
e data loggers can be used to collect large numbers of measurements of variables that are difficult to collect

in other ways

e databases can be used to arrange data or information so that it is easier to locate.

These tools are described in subtopics 1.12 and 1.13.

1.5.5 Getting approval

You should now be ready to write a plan for your
investigation. You should not commence any experiments
until your plan has been approved by your science teacher.
Your plan should include the information below.

1.

Title

The likely title — you may decide to change it before
your work is completed. The title should be in the form
of a question; for example, how does watering grass
seeds with a detergent solution affect their growth?

. The problem

A statement of the question that you intend to answer.
Include a hypothesis. A hypothesis is an educated guess
about the outcome of your experiments. It is usually
based on observations and able to be tested by further
observations or measurements.

. 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.

. Equipment

FIGURE 1.20 Write out a plan for your
investigation.
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List here any equipment that you think will be needed for your experiments.

. 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.
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1.5.6 Gathering data

Once your plan has been approved by your

teacher, you may begin your experiments. FIGURE 1.21 All observations and measurements should be

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

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

Photographs or videos should be taken if
appropriate.

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

Precision and accuracy

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

collect is precise and accurate. Choosing the most appropriate instruments to make precise refers to how close
ts is i rtant multiple measurements of the
your meas.u.remen § 18 important. . . o same investigation are to each
e Precision refers to how close multiple measurements of the same investigation other
are to each other. accurate refers to how close an

experimental measurement is to a

e Accuracy refers to how close an experimental measurement is to a known value. v |
nown value

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

FIGURE 1.22 Comparing precision and accuracy

NOT ACCURATE ACCURATE NOT ACCURATE ACCURATE
NOT PRECISE NOT PRECISE PRECISE PRECISE
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Choosing equipment for precision

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

FIGURE 1.23 Precision laboratory scales

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

Measuring volumes of liquids

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

SAMPLE PROBLEM 1: Measuring readings of a meniscus

What is the measurement of this liquid in a measuring cylinder?

60 mL
THINK WRITE —

1. The liquid level should be read from the bottom of the
meniscus, not where it touches the glass. Imagine a
line drawn across from the bottom of the meniscus to
the glass.
2. Look for the scale marking below the liquid level and 60 — 55 =5
above the liquid level. These are 55 mL and 60 mL.To
calculate the volume between the two scale markings,
subtract the smaller reading from the larger reading.

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

SAMPLE PROBLEM 2: Precision

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

Ruler A 100px 200
o

Ruler B

Vbbb bbb d b
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THINK WRITE

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

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

divisions.

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

divisions.

Ensuring equipment is accurate

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

CASE STUDY: Calibrating a pH meter

Some measuring instruments require calibration to ensure that
they provide accurate measurements. The calibration might be
part of the manufacturing process, or it may need to be carried
out by the user regularly. A pH meter is a device that needs to be
calibrated regularly (figure 1.24). pH is a measure of the acidity of
a substance. You can measure pH with a universal indicator. For
a more precise reading a pH meter can be used. It is a device that

is placed in the solution and it gives a reading of the pH to one m‘
or two decimal places. Over time it can lose its calibration and

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

give inaccurate readings. A reading of 6.25 might be displayed g o

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

meter, you place it in solutions of known pH and adjust the device \/s M
until it reads the correct values for these solutions. You can then 5

use the meter to measure the pH of a solution with an unknown
concentration.

1.5.7 Graphing variables

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

Tables

Tables can be used to record data to help separate and organise your information. All tables should:
¢ have a heading
e display the data clearly
« the independent variable in the first column
* the dependent variable(s) in later columns o
e include units in the column headings and not with every data point calibration the process whereby
. a measuring instrument is
e be designed to be easy to read. restored to accuracy
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Always include a title Include the measurement units ~ The column heading show clearly
for your table. in the headings. what has been measured.

i

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

DE Day 4 Day 6 Day 8 Day 10
Fertiliser Height (cm) Height (cm) Height (cm) Height (cm) Height (cm)

Brand X 2 3 6 9

Brand Y 3 5 7 9 11

Brand Z 1 2 3 5 7

Control / 0 0.6 1.8 2.5 4
I

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

Graphs

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

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

data — you can think of this data as falling into categories. It is descriptive qualitative data (or categorical
. . data) data expressed in words
and not numerical and can be easily observed but not measured. In our L .

. . . . . .. quantitative data (or numerical
experiment with the fertiliser, the brands of fertiliser is qualitative data. data) data that can be precisely
There are two types of qualitative data: measured and have values that
o ordinal data can be ordered or ranked; this could be levels (1%, 2", 39, ) are expressed in numbers

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

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

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

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

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

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

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

The most common types of graphs are listed below.

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

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

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

Pie charts and divided bar charts: used to show frequencies or portions of a whole. This includes
percentages or fractions.
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You would normally graph the independent variable (the one you changed) on the x-axis, and the dependent
variable (the one you measured) on the y-axis. When the dependent variable changes with time, you can graph
time on the x-axis and the dependent variable on the y-axis. For example, in the fertiliser experiment, two types
of graphs could be used, a line graph or a column graph (bar chart).

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

a. Height of plants after 10 days b. Height of plants after 10 days
12 -
10 /
emf\/(}/ B
£ 87 / |
o /X // | |
g . AR o ;
-5’ - y Branc - :
. ~ 6,,‘,999 ; B
2 o QQ‘,,‘,‘FP\ .
0 \ \ \ \ [ Brand X ~ BrandY BrandZ = Control
0 2 4 6 8 10 ran ran ran p—
Time (days) Fertiliser

SAMPLE PROBLEM 3: Choosing types of graphs

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

the following data:

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

b. The mass of each elephant at Melbourne Zoo

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

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

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

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

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

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

Scientific report structure

Abstract
The abstract provides the reader with a brief summary of your whole investigation. Even though this appears at
the beginning of your 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 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 possible,
be presented in table form so that they are easy to read. Graphs can be used to help you and the reader interpret
data. Each table and graph should have a title. Make sure you use the most appropriate type of graph for your
data. Some examples of graphs are shown in section 1.5.7.

Discussion

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

Conclusion

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

Bibliography

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

The way a resource is listed depends on whether it is a book, magazine (or journal) or website. For each resource,
list the following information in the order shown:
¢ author(s), if known (book, magazine or website)
title of book or article, or name of website
volume number or issue (magazine)
URL (website) and the date you accessed the web page
publisher (book or magazine), if not in title
place of publication, if given (book)
year of publication (book, magazine or website)
chapter or pages used (book).
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Some examples of different sources are listed below:
® Taylor, N., Stubbs A., Stokes, R. (2020) Jacaranda Chemistry 2 VCE Units 3 & 4. 2nd edition. Milton:
John Wiley & Sons.
* Gregg, J, (2014) ‘How Smart are Dolphins?’ Focus Science and Technology, Issue 264, February
2014, BBC, pages 52-57
® Australian Marine Wildlife Research & Rescue Organisation, accessed 26 June 2020, <http:
www.amwrro.org.au,2014>.

Acknowledgements

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

1.5.9 Everyone has talent

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

Resources

eWorkbooks Setting up a logbook (ewbk-5281)
Variables and controls (ewbk-5283)
Investigating (ewbk-5285)
Organising and evaluating results (ewbk-5287)
Drawing conclusions (ewbk-5289)
Summarising (ewbk-5291)
Evaluating media reports (ewbk-5293)

assess[J]] Additional automatically marked question sets

1.5 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,3,8 4,7,9,10, 12 5,6,11, 13

Remember and understand

1. What is the advantage of repeating an experiment several times?
2. Describe the difference between an independent and a dependent variable.
3. I In which section of your report do you describe possible improvements to your experiments?
A. Methods
B. Results
C. Discussion
D. Conclusion
4. Distinguish between precision and accuracy.
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5. Outline what calibrating an instrument involves.
6. Describe the use of a control in an experiment with reference to independent and dependent variables.

Apply and analyse 9
{

7. Why is it better to write the abstract of a scientific report last, even though it appears at
the beginning?

8. Josie wanted to find out whether the water in her drink bottle would stay cold for longer if
she wrapped the bottle in foil or a towel. Identify the independent and dependent variable
and one variable that would need to be controlled.

9. Charlotte would like to find out whether ice blocks made from green-coloured water
melt at the same temperature as uncoloured ice blocks. Identify the independent and
dependent variable and one variable that would need to be controlled.

10. Jayden is testing the hypothesis that tall people are faster
long-distance runners than short people. Identify the
independent and dependent variable and one variable that
would need to be controlled.

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

Evaluate and create

12. Construct a flow chart to show the steps that you need to take before beginning your experiments.
13. The television show MythBusters involves a team led by Adam and Jamie carrying out investigations
to test various myths.
a. Define the term myth. (Use a dictionary if necessary.)
b. 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.

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

1.6 SkillBuilder — Writing an aim and forming a
hypothesis

only
Why do we need to write aims and hypotheses?

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

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

Select your learnON format to access:
* an overview of the skill and its application in science (Tell me)
* avideo and a step-by-step process to explain the skill (Show me)
® an activity and interactivity for you to practise the skill (Let me do it)
® questions to consolidate your understanding of the skill.
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Resources

eWorkbook SkillBuilder — Writing an aim and forming a hypothesis (ewbk-5295)
Video eLesson Writing an aim and forming a hypothesis (eles-4205)

Interactivity Writing an aim and forming a hypothesis (int-8118)

1.7 SkillBuilder — Controlled, dependent and
iIndependent variables

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

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

Select your learnON format to access:
* an overview of the skill and its application in science (Tell me)
* avideo and a step-by-step process to explain the skill (Show me)
* an activity and interactivity for you to practise the skill (Let me do it)
® questions to consolidate your understanding of the skill.

Resources

eWorkbook SkillBuilder — Controlled, dependent and independent variables (ewbk-5297)
Video eLesson Controlled, dependent and independent variables (eles-4206)

Interactivity ~ Controlled, dependent and independent variables (int-8119)

1.8 SkillBuilder — Measuring and reading scales

only
How do you read a scale?

In science, a scale or set of numbered markings generally accompanies each measuring device. For example,
your ruler measures length, and its scale has markings enabling you to measure with an accuracy of 0.1 cm.
When reading a scale, it is important to determine what each of the markings on the scale represents.

A small measuring cylinder can provide a reasonably precise measurement of a volume of water, but if it is not
read at eye level the measurement may not be accurate. Measurements should always be made with your eye in
line with the reading you are taking. When scales are read from a different angle, the reading is not accurate.
This type of reading error is called parallax error.

Select your learnON format to access:
* an overview of the skill and its application in science (Tell me)
* avideo and a step-by-step process to explain the skill (Show me)
® an activity and interactivity for you to practise the skill (Let me do it)
® questions to consolidate your understanding of the skill.
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Resources

eWorkbook Skillbuilder — Measuring and reading scales (ewbk-5299)
Video eLesson Measuring and reading scales (eles-4207)

Interactivity Reading scales (int-0201)

1.9 SkillBuilder — Drawing a line graph

only
What is a line graph?

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

Select your learnON format to access:
* an overview of the skill and its application in science (Tell me)
* avideo and a step-by-step process to explain the skill (Show me)
* an activity and interactivity for you to practise the skill (Let me do it)
® questions to consolidate your understanding of the skill.

Resources

eWorkbook SkillBuilder — Drawing a line graph (ewbk-5301)
Video eLesson Drawing a line graph (eles-4208)

Interactivity Drawing a line graph (int-8120)

1.10 SkillBuilder — Creating a simple column or bar
graph

only
What is a column or bar graph?

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

Select your learnON format to access:
* an overview of the skill and its application in science (Tell me)
* avideo and a step-by-step process to explain the skill (Show me)
® an activity and interactivity for you to practise the skill (Let me do it)
® questions to consolidate your understanding of the skill.

Resources

eWorkbook SkillBuilder — Creating a simple column or bar graph (ewbk-5303)
Video eLesson Creating a simple column or bar graph (eles-4209)

Interactivity = Creating a simple column or bar graph (int-8121)
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1.11 Case study

LEARNING INTENTION

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

1.11.1 Investigating muddy water

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

¢ acreek near his school

e a creek near his home

e ariver near his home.

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

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

SEAN’S INVESTIGATION

Aim
To compare the turbidity of three local creeks and rivers

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

«

No ok
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A summary of Sean’s method, including a list of materials and equipment required, is provided. You will notice
that Sean used a fourth sample. It was needed as a control and contained distilled water. This was to ensure that
there was nothing in the pure water to cause a layer at the bottom of the jar when the potash alum was added.
His results are in table 1.3

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

Height of mud (mm)

Day 3

Water sample

Test

Test

nnn Average nnn Average
3.5/4.0|5.0 4.2 5.0(4.5|5.0

Test

Test

EH Average nnn Av
45(5.0/4.5 5.0(45|4.0

erage

1. Home creek 4.8 4.3 4.5
2. School creek |2.5/2.0(2.0 2.2 3.0(25|2.5 2.7 2.0(2.5|2.5 2.3 2.0(2.0|2.5 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|00 0 0|00 0 0|00 0

1.11.2 Analysing the data

Sometimes it is necessary to refine the raw data (the data initially collected), presenting them in a different way.
Sean was planning to use his average measurements to make a column graph. He decided to simplify his table so
that it was easier to construct the column graph. The simplified table (table 1.4) and column graph (figure 1.26)
make it easier for others to read the results, and easier for Sean to see patterns and draw conclusions.

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

Height of mud (mm)

Sample number
and source

1. Home creek 4.2 4.8 4.3 4.5
2. School creek 2.2 2.7 2.3 2.2
3. River 0.5 1.5 0.7 0.5

FIGURE 1.26 Sean’s graph makes it easier to see patterns and draw conclusions.

Height of mud after 4 days

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5+
0.0

W Home creek
l School creek
& River

Height of mud (mm)

Day 1

Day 2 Day 3 Day 4

Days
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1.11.3 Being critical

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

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

1.11.4 Drawing conclusions

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

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

2. Weather conditions can alter the amount of mud in water bodies by either adding run-off from drains or
stirring up the water. This was particularly noticeable in the samples taken from the river site on day 2,
which followed a period of rain.

Sean’s teacher was pleased, and suggested that Sean carry out further research and rewrite his material. They
also suggested that he should think about entering his project into a competition.

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

FIGURE 1.27 Chemical waste running into a river. How might you test for such materials
in a water sample from this site?

SRR

Resources

assess )] Additional automatically marked question sets
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1.11 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2 3,5 4,6

Remember and understand

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

Apply and analyse

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

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

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

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

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

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

1.12 Using spreadsheets

LEARNING INTENTION

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

1.12.1 The advantages of spreadsheets

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

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

e 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.
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1.12.2 Elements of a spreadsheet

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

ELEMENTS OF A SPREADSHEET: Example 1

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

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

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

A cell is identified by its column and row address. For example, ‘cell G3’ refers to the cell formed by
the intersection of column G with row 3. In this example, cell G3 is the active cell (shown by its heavy
border). The active cell address and its contents (once data are entered) are shown to the left of the
formula bar.

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

Formula bar Toolbar

= ookl xdex'™ Microsoft Exce
File Home Insert Pagp Layout Formulas Data Review View Developer Add-Ins Acrobat
£ % Cut Calibrt T A A = e e SiwnepTet General
<2 Copy ~ A S _ -0 .
Pa's(e  Format Painter BIUg- H- A E ]| IEE SHMerge&Centers $ - % v 8% Fcoc
Active Clipboard | Font . Number
cell ——:» G3 - fe :AVERAGE(BB:FS) « : Formula
A B C D E F G <—— Column
1 HEIGHT OF SEEDLINGS (cm) letters
2 DAY seedlingl seedling2 seedling3 seedling4 seedling5 correctav
3 | 1 0 0 0 0 ®OE Active
4 2 0.5 0 0 0 0.4 018  cel
5 3 0.7 0 0.3 0 0.9 0.38
6 4 1 0.1 0.5 0.3 L2 0.62
7 5 0.4 0.9 0.9 0.7 1.9 0.96
L Row numbers

1.12.3 Entering data into cells

You can enter different types of data into a cell:
e a number or value
e alabel, that is, text (for titles and headings)
e 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 that follows shows a spreadsheet in which data have been entered.

1.12.4 Creating formulae

To create a formula, you need to start with a special character or symbol to indicate that you are keying in a
formula rather than a label or value. This is usually one of the symbols =, @ or +, depending on the spreadsheet
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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+C1.

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

CREATING FORMULAE: Example 2

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

o Bookl xlsx - Microsoft Exce
File Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat

=4 ¥ cut

Calibri Tl AN T W =K Wrap Text General
], PA—

Pa'ste ;Forpmat Painter B 7 U~ H- O - A CEES .:; i: .‘EMHQG e $ix % » W 53 Fcoa

G5 - £« | =AVERAGE(B5:F5) <€ Archive cell

A B C D E F G ' contents
1 HEIGHT OF SEEDLINGS (cm)
2 DAY seedlingl seedling2 seedling3 seedling4 seedling5 correctav
3 1 0 0 0 0 0 0
4 2 0.5 0 0 0 0.4 0.18
5 | 3 0.7 0 0.3 0 @9 0.38]«— This is the active cell.
6 4 1 0.1 0.5 0.3 12] 0.62
v above is the formula

7 5 0.4 0.9 0.9 0.7 1.9 0.96  for this cell.

1.12.5 Using functions

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

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

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

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

Name Application Example Result

AVERAGE calculates the average of the argument =AVERAGE(1,2,3,4) 2.5
values

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

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

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

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

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

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

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

1.12.6 Copying cells

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

depends on whether the cell references use:

e relative referencing, which you use when you want the cell address in the
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 referencing. The formula
AVERAGE(BS5:F)) 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.

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

relative referencing used in

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

COPYING CELLS: Example 3

KRR
Mome ntent Page Layout Formutat Data Review View Deceloper Aosin Acrobat

‘t -:;‘;, ) Cadbrt AN Syl ¥ EwWoptet Geneni . rﬂ -
Tt Fromtmicer B L Uc He A BEEBW EE Sreccacomerc $ % v | W3 Condtbon e
H6 - £ =AVERAGE($853:5F%3) ¢
4l A B c D E F G [
1 HEIGHT OF SEEDLINGS (cm)
2 DAY seedlingl seedling2 seedling3 seedling4 seedling5 correct avincorrect
3 1 0 0 0 0 0 0 0
4 2 0.5 0 0 0 04" 018 0
5 3 0.7 0 0.3 0 09  0.38 0
6 4 1 0.1 0.5 0.3 1.2° 062
7 5 0.4 0.9 0.9 0.7 1.9 096 0

The formula has a $ sign
in front of the cell
coordinates, so that

the coordinates do not
adjust automatically

as the row number
changes.

The formula above is
the formula for this cell
in row 5.
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1.12.7 Formatting cells

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

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

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

1.12.8 Spreadsheet graphics

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

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

Resources
eWorkbooks Spreadsheeting and graphing (ewbk-5305)

Calculating using a spreadsheet (ewbk-5307)
assess[])] Additional automatically marked question sets

1.12 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Question Questions Question
1 2,3 4
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Remember and understand

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

H6 - J« =AVERAGE($BS$3:5FS3)
A 8 c D E F G | H
HEIGHT OF SEEDLINGS (cm)
DAY seedling1 seedling2 seedling3 seedling4 seedling5 correct avincorrect z
1 0 0 0 0 0 0 0
2 0.5 0 0 0 04" 0.8 0
3 0.7 0 0.3 0 09" 038 0

a. What does cell G3 contain?
b. Does cell E2 contain a value or a label?
c. If the formula in cell G4 is AVERAGE(B4:F4), what would the formula be in cells G5 and G67?

Apply and analyse

2. The following table shows the results of an experiment that tested the amount of time taken for
eucalyptus oils and other substances (0.1 mL of each) to evaporate at a constant temperature. The
experiment was done twice.

TABLE Time taken to evaporate different substances

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

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

3. The following table shows the distance travelled by Jesse at 3-second intervals during a 100-metre
sprint. The data were recorded during the sprint by attaching a paper tape to Jesse’s waist. As he ran,
the tape was pulled through a timer that printed a dot every 3 seconds.

TABLE Distance and speed travelled in 3-second intervals

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

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

Speed = dls.tance
time

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

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

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

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

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

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

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

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

1.13 Using data loggers and databases

LEARNING INTENTION

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

1.13.1 The data logger

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

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

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

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

Part 1: Magnesium in hydrochloric acid

Active metals react with dilute acids to give off hydrogen gas and leave behind a salt that usually stays dissolved
in the water in which the acid was dissolved. To investigate whether heat is given off or taken in during the
reaction, we will need the equipment shown in figure 1.28. We could use a test tube or a beaker (as shown

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

FIGURE 1.28 The equipment required for Part 1: Magnesium in hydrochloric acid

We now set up the data logger to collect data for the length of time that we need and at the rate we require. The
data logger itself or its software allows us to do this. Figure 1.29 shows the data logger being set to collect
temperature data for 200 seconds at the rate of once per second. Now it’s a simple matter of putting the
temperature sensor in the dilute acid, pressing the button on the data logger to start data collection and adding
the magnesium.
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FIGURE 1.29 Set the data logger to take temperature data for FIGURE 1.30 Place the

200 seconds at the rate of once per second. temperature sensor into the
Hiwre i e beaker of dilute acid and add

the magnesium.

Piger - MBAQRQLLILMALMIC ([N
No device connected.

Data Set I 10+
Time |Temperature
s (°C)

Data Collection [=%=)
8 Collecton | Triggerng

Mode: | Time Based ¥, [[Repeat
V| Samgle at Tme Zero

Ourabon: 2000 seconds -
Triggerng is dsabled

&omwmu‘hum-—l

Contnuous Data Colection
Samping Rate:
1 samples/second 1 seconds/sample

Oversamping Samples to be Colected: 201

19 Hew [ oome [ comcel

21 2

T —— Time (s)
b o

The reaction proceeds for 200 seconds and the sensor sends a temperature measurement every second to the
data logger. When the selected time has passed (that is, after 200 seconds), the data logger sends all the data to
the computer, which (via the software) displays it as a graph, as shown in figure 1.31.

FIGURE 1.31 Graphed data for part 1 of the exothermic and endothermic processes experiment
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Part 2: Citric acid and baking soda

For this part of the experiment, we will need baking soda, citric acid, a beaker, a foam cup, other necessary
laboratory equipment such as safety glasses, as well as a data logger and temperature sensor. We will use 30 mL
of citric acid and 10 g of baking soda. These items are shown in the photograph in figure 1.32.

FIGURE 1.32 The equipment required for Part 2:
Citric acid and baking soda

Once again, we set the run time to 200 seconds and the data collection rate to once per second. We insert the
temperature sensor into the acid, press a button on the data logger to start data collection and then add the
baking soda to the acid. The data logger collects the data, which the computer software automatically graphs
after completion of the run, as shown in figure 1.33.

FIGURE 1.33 Graphed data for part 2 of the exothermic and endothermic processes experiment
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This investigation is summarised in the following investigation box.
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INVESTIGATION USING A DATA LOGGER

Exothermic and endothermic processes

Part 1 is for Teacher Demonstration only

Materials

safety glasses

bench mat

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

balance

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

magnesium ribbon

sandpaper

0.5 mol/L hydrochloric acid

30 mL citric acid solution (10 g dissolved in 100 mL water)
10 g baking soda (dissolved in 100 mL water)

P Temperature probe
Test-tube rack

Dilute hydrochloric acid
' Magnesium metal

Method
Part 1: Magnesium in hydrochloric acid

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

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

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

Part 2: Citric acid and baking soda

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

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

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

1.13.2 Using databases

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

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

ACTIVITY: Creating a database of Nobel Prize winners

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

First name

Last name

Country of birth

Year of birth

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

Organisation (where the person worked)

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

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

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

All Apps Documents Web More ¥

Best match for apps

Access
App

Apps
<1 Control Panel >
Store
B access - Search for apps in the Microsoft Store
* When you open the software, a list of options will appear along the top of the screen. Choose the

option Blank database. A dialog box will appear for you to enter a name for your database and click
Create.

Good afternoon

New

Blank database

Recent P e o

@l Dwt

e
@) Owat

Nore detabes

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

Table Tools Noble prize winners : Databas
Home Create External Data Database Tools Help
r ? [g/ €= Insert Rows E E—¢ r:p :;j i{i,
L X — - X Delete Rows e —- e -G
View  Primary Test Validation - : Property Indexes Create Data Rename/ Relationships Objec
v Key Rules £ Modify Lookups  gheet Macros~ Delete Macro Depende:
Views Tools Show/Hide Field, Record & Table Events Relationships
All Access Obje... © «|| = Taveet\ e
oo ol Field Name Data Tyfy
? Field Name Short Text
b A || LastName Short Text
3 Tablet | | Country of birth Short Text
Year of birth Short Text
Category Short Text
Organisation Short Text
Noble prize awarded for Short Text

Short Text

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

to datasheet view. Click on the Datasheet view button D b/‘
left-hand corner of the screen. You will be prompted to save the crem
table. Give the table a suitable name (such as ‘Table 1°) and View View
click OK. - v

® Enter the data that you and your classmates found into the table.
You can do this manually or import data from a spreadsheet or text file by using the External data tab
on the ribbon. When you have done this, save your database.

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

® Make sure you are in datasheet view. Click Create on the ribbon. Select Query wizard, then Simple a—
Query Wizard and then click OK. The fields in your table will be displayed; click on the ones you ‘E; \
want to appear in the query then click on the single arrow to move them into the Selected Fields Query

box. Select the following fields: first name, last name, country of birth and category. When you have  Wizard
done this, click Next. In the next dialog box, enter a name for your query, select Modify the query
design and click on Finish.
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Simple Query Wizard

Tables/Queries
Table: Table1
Avaiable Fields:
Year of birth

Noble prize awar
Share received

for

Click on a field to select it.

Which fields do you want in your query?

You can choose from more than one table or query.

v

Selected Fields:

First Name
Last Name
Country of birth

<<

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

® 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 ‘Medicine’ (without the quotation marks) in the Criteria row. In the
Country of birth column, type ‘United States’ in the Criteria row. Quotation marks will automatically
appear when you press [Enter]. This is shown below.

Create

External Data

Nobie prze winners : Database:

Database Tools Help

= u less! p L Union dhe= Ze insert Rows 1" Insert Columns ~
| 2.5+ 7] 1 3
3 =2 Pass-Through X Delete Rows X Delete Columns
View Run  Select Make Append Update Crosstab Delete Show v To
B¢ Data Defintion  popie O Builder £® Retumn: Al
Resumts Query Type Query Setup
4 ” s 1 Tabie) Query
All Access Obje g =
Sharch. + Table
Tables R
T Tovlet ¥ First Name
Queries Last Name
T;] Tabie! Query Country of birth
Year of birth
Category -
[
Fiela i““ Name Last Name Country of bith Category
Table: | Table1 Tabie1 Table1 Table1
Sort: |
¢ " ¢ ¢
Show: | %) (%] (%] (%]

Crteria: |

Unites States Medicine

or |

* 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. '
* Create a new query to display the Nobel Prize winners who won the Nobel Prize for Physics and 5

were born in England.

Run
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Resources

assess[]}] Additional automatically marked question sets

1.13 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3 2,4 5,6

Remember and understand

1. Describe a data logger and what it does in a way that a Year 7 student would understand.
2. a. List the advantages of using a data logger over taking the measurements manually.
b. Describe an experiment in which using a data logger provides an advantage over manual data
collection.
3. Acids are corrosive substances; they react with most metals, such as the magnesium in part 1 of the
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?

Apply and analyse

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

Evaluate and create

5. Look back at Part 1: Magnesium in hydrochloric acid in the case study.
a. Write a word equation for the reaction that occurs.
b. Look at the graph of temperature vs time for this reaction. 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?
6. Look at the graph of the collected data produced by the computer for Part 2: Citric acid and baking
soda.
a. What was the temperature of the acid at the start of the experiment?
b. What was the lowest temperature that the solution of citric acid and baking soda reached? How long
after first adding the baking soda did this occur?
c. Is dissolving baking soda in citric acid an exothermic or endothermic process? How do you know?

Fully worked solutions and sample responses are available in your digital formats.
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1.14 Thinking tools — Visual thinking tools
1.14.1 Tell me

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

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

e Storyboards, flow charts, timelines, fishbone diagrams and cycle maps are
useful tools to order or sequence your thoughts (figure 1.34).

e Matrixes, SWOT analysis charts, Venn diagrams, and bubble maps are
useful when you want to analyse or compare your thoughts (figure 1.35).

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

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

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

1.14.2 Show me

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

These tools are explored in more detail in the following topics:
e Topic 3: Priority grids and matrixes
e Topic 4: Cycle maps and relations diagrams
e Topic 5: SWOT analysis
e Topic 6: Concept maps and plus, minus, interesting charts
e Topic 7: Matrixes and plus, minus, interesting charts
¢ Topic 8: Double bubble maps
e Topic 9: Plus, minus, interesting charts
e Topic 10: Flow charts
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storyboard a visual thinking tool
that summarises a sequence of
scenes

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

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

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

cycle map a visual thinking tool
that describes a cyclical process
matrix a visual thinking tool

that organises, analyses and
compares using a grid

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

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

bubble map a visual thinking

tool that organises, analyses and
compares by showing common
and different features of topics
priority grid a visual thinking tool
that quantifies and ranks based
on two criteria

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

continuum a visual thinking

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

pie chart a diagram using sectors
of a circle to compare the sizes of
parts making up a whole quantity
concept map a visual thinking
tool that shows the connections
between ideas

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

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



FIGURE 1.34 Thinking tools that help you order or sequence your thoughts
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FIGURE 1.35 Thinking tools that help you analyse or compare your thoughts

Analyse or compare
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FIGURE 1.36 Thinking tools that help you quantify or rank your thoughts
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FIGURE 1.37 Thinking tools that help you visualise or reflect on your thoughts
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1.14.3 Let me do it

1.14 ACTIVITIES

1. State the types of visual thinking tools that are best suited to:
a. quantifying or ranking ideas
b. visualising or reflecting
c. analysing or comparing
d. ordering or sequencing.
2. Use a visual thinking tool to summarise key or interesting points from each subtopic within this chapter.

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

Access your topic review eWorkbooks

Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-5309 ewbk-5311 ewbk-5313

Resources

1.15.1 Summary

Scientists through the ages

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

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

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

e Modern day scientists work more collaboratively than past scientists and can therefore conduct research
more efficiently.

Accidents and observations

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

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

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

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

A question of ethics

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

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

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

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

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

Your own investigation

* The scientific method provides a template that allows scientific research to be communicated worldwide.
* A hypothesis is a tentative, testable and falsifiable statement for an observed phenomenon that acts as a
prediction for the investigation.
e The first step in the scientific method is to develop a valid question.
¢ A logbook provides a complete record of your investigations; it should be dated and contain notes, results,
diagrams, evidence, problems, and evaluations and drafts of your conclusions.
e There are three types of variables:
 Independent variables are deliberately changed in an experiment.
¢ Dependent variables are the variables that are measured in an experiment.
» Controlled variables are kept constant throughout an experiment.
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e The process of controlling variables is also known as fair testing.

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

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

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

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

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

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

e A scientific report should contain an abstract, introduction, aim, materials, method, results, discussion,
conclusion, bibliography and any acknowledgements.

e Valid investigations are able to be replicated in different circumstances but with the same conditions.

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

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

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

Using data loggers and databases

e Data loggers are instruments that record data digitally. This reduces the human error in their measurements,
making them a reliable source of data.

¢ Some data loggers are also able to plot the data they record to provide accurate graphs automatically.

e Databases are information or data arranged in one or more tables. Spreadsheets can be used to draw
conclusions about the data in a database.

1.15.2 Key terms

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

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

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

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

bubble map a visual thinking tool that organises, analyses and compares by showing common and different
features of topics

calibration the process whereby a measuring instrument is restored to accuracy

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

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

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

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

cycle map a visual thinking tool that describes a cyclical process
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dependent variable a variable that is expected to change when the independent variable is changed. The
dependent variable is observed or measured during the experiment.

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

fair testing a method for determining an answer to a problem without favouring any particular outcome; another
name for a controlled experiment

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

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

functions common type of calculation built into spreadsheets

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

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

independent variable a variable that is deliberately changed during an experiment

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

lysozyme a chemical (enzyme) in human teardrops able to kill some types of bacteria as part of your body’s
natural defence

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

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

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

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

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

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

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

qualitative data (or categorical data) data expressed in words

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

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

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

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

storyboard a visual thinking tool that summarises a sequence of scenes

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

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

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

valid sound or true. A valid conclusion can be supported by other scientific investigations.

variable quantity or condition that can be changed, kept the same or measured during an experiment

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

Resources

eWorkbooks Study checklist (ewbk-5315)
Literacy builder (ewbk-5316)
Crossword (ewbk-5318)
Word search (ewbk-5320)

Digital document Key terms glossary (doc-35019)
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1.15 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2 3,5 4,6

Remember and understand

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

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

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

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

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

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

f. Ethical considerations F. A list of equipment needed for the experiment

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

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

I. Method i. A sensible guess to answer a problem

j- Apparatus J. The part of a report where problems with the experiment and
suggestions for improvements are discussed

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

Apply and analyse

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

4. In the film Super Size Me, the film-maker Morgan Spurlock gains weight and suffers health problems
after thirty days of eating from only one fast-food chain. The film suggests that this fast food is
unhealthy.

a. What factors should be taken into account when considering the effects of a fast-food diet compared
with a broader eating pattern?

b. Was this a controlled experiment?

c. Is Spurlock’s argument valid? Explain your answer.

d. What type of arguments could the fast-food chain put forward in response to the film Super Size Me?

Evaluate and create

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

Average height of bounce (cm)
Distance ball dropped (cm) | Goncrete | Wood | Carpet

25 22 14 8
50 46 34 18
75 70 50 26

100 ' 94 ' 66 34

125 X 85 z

150 128 94 48

175 129 Y 50

200 130 100 51

. Write a hypothesis for this experiment.

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

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

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

. Identify two trends in the results.
Do the results support the hypothesis you wrote?

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

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

better than cold soapy water.

Q "0 Q0T

TABLE Observations of washing in different water temperatures

Water temperature (°C) Observations

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

a. List the equipment she will need.

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

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

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

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

Resources

eWorkbook Reflection (ewbk-3038)

teach

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

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

1.1 Overview 1.7 SkillBuilder — Controlled, dependent

and independent variables
eWorkbooks

* Topic 1 eWorkbook (ewbk-5276)
® Student learning matrix (ewbk-5278)
® Starter activity (ewbk-5279)

eWorkbook
e SkillBuilder — Controlled, dependent
and independent variables (ewbk-5297)

Video eLesson

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

¢ Controlled, dependent and independent
variables (eles-4206)

Weblink
® The Australian Academy of Science Interactivity
* Controlled, dependent and independent

1.5 Your own investigation variables (int-8119)

eWorkbooks 1.8 SkillBuilder — Measuring and reading

¢ Setting up a logbook (ewbk-5281) scales

® Variables and controls (ewbk-5283)

® Investigating (ewbk-5285) eWorkbook

* Organising and evaluating results (ewbk-5287) e Skillbuilder — Measuring and reading scales

® Drawing conclusions (ewbk-5289) (ewbk-5299)

® Summarising (ewbk-5291)

® Evaluating media reports (ewbk-5293) Video eLesson

® Measuring and reading scales (eles-4207)

1.6 SkillBuilder — Writing an aim and Interactivity
forming a hypothesis * Reading scales (int-0201)

eWorkbook
e SkillBuilder — Writing an aim and forming
a hypothesis (ewbk-5295)

1.9 SkillBuilder — Drawing a line graph

eWorkbook
¢ SkillBuilder — Drawing a line graph

Video eLesson (ewbk-5301)

® Writing an aim and forming a hypothesis

(eles-4205) Video eLesson
® Drawing a line graph (eles-4208)
Interactivity
® Writing an aim and forming a hypothesis Interactivity
(int-8118)

® Drawing a line graph (int-8120)
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1.10 SkillBuilder — Creating a simple 1.15 Review

column or bar graph
eWorkbooks

* Topic review Level 1 (ewbk-5309)
* Topic review Level 2 (ewbk-5311)
* Topic review Level 3 (ewbk-5313)
® Study checklist (ewbk-5315)

¢ Literacy builder (ewbk-5316)

® Crossword (ewbk-5318)

* Word search (ewbk-5320)

eWorkbook
e SkillBuilder — Creating a simple column
or bar graph (ewbk-5303)

Video eLesson
® Creating a simple column or bar graph

(eles-4209) * Reflection (ewbk-3038)
Intera0flv1ty _ Digital document
® Creating a simple column or bar graph * Key terms glossary (doc-35019)
(int-8121)

1.12 Using spreadsheets

eWorkbooks

® Spreadsheeting and graphing
(ewbk-5305)

® Calculating using a spreadsheet
(ewbk-5307)

To access these online resources, log on to www.jacplus.com.au.
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2 Control and coordination

LEARNING SEQUENCE
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2.6 The endocrine system — slow contro
2.7 Plant hormones
2.8 Emotions and the limbic system
29
2.10
2.11
2.12 Damage to the nervous system
2.13 Studying the brain
2.14 Review




2.1 Overview

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.

2.1.1 Introduction

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

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

FIGURE 2.1 A scanning electron micrograph image of
a human tongue

The image on the opening page of this topic shows
a coloured light micrograph through a highly folded
part of the brain called the cerebellum. The outer
layer is the grey matter composed of the molecular
layer (red) and the granular layer (bright green). The
dark green is the white matter. Your cerebellum is
only a small part of your brain but contains over
half of your brains nerve cells, and it is involved in
functions such as memory and language development. Figure 2.1 shows a scanning electron micrograph of the
tongue surface of the papillae that give the tongue its texture. The papillae also contain the tastebuds, and are
part of the sensory system that sends information to the brain.

Resources

Video eLesson Neurons in the brain (eles-2631)

Watch this short animation demonstrating the interconnectedness between the
neurons in the brain.

2.1.2 Think about control and coordination

How fast can a body react to threatening situations?

Can your reactions be consciously controlled in all situations?
Which body systems are used for a fight-or-flight response?
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?

o0 prwb~
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2.1.3 Science inquiry

Speedy reactions?

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

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

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

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

1. Read each of the following scenarios and responses and then

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

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

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

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

Response: Getting your blood sugar back to normal
2. Consider the different ways you respond to your environment. N’
Suggest reasons for the different types of responses and how your
body processes the information to bring about the response. 2049
3. Propose another scenario and predict what your body’s response
would be. Suggest why and how it would respond in this way.

4. 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.
5. An investigation is being conducted to determine reaction time to press a button when it glows red.
a. Write a suitable aim for this investigation.
b. Suggest a question or hypothesis for the scenario that you could investigate.
c. Describe one piece of qualitative data and one piece of quantitative data that may be collected.
d. What dependent and independent variables could there be?
e. Explain two factors that may lead to differences in results between different students.
f. Write a clear methodology for this investigation, with an explanation of how you collect results and
how you will control variables.
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Resources

eWorkbooks Topic 2 eWorkbook (ewbk-5090)
Student learning matrix (ewbk-5092)
Starter activity (ewbk-5093)

Practical investigation eLogbook Topic 2 Practical investigation eLogbook (elog-0625)
Weblink Reaction time test

learn Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.

2.2 Coordination and control

LEARNING INTENTION

At the end of this subtopic you will be able to explain the main differences between the nervous and endocrine
system and how they play an important role in multicellular organisms.

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.

Your cells can be organised to form tissues. These tissues make up organs, and the organs make up systems,
which perform particular jobs to keep you alive.

The cells of multicellular organisms cannot survive independently of each other. They depend on each other and
work together. Working together requires organisation, coordination and control.

FIGURE 2.4 Multicellular organisms show a pattern of organisation in which there is an order of complexity.

Organs Tissues
contain contain contain

While one of your cells may be a part of one of the systems in your body, it may also need to communicate and
interact with other systems to stay alive.

Multicellular
organisms

Systems

contain

For example:
e Your digestive system breaks down nutrients into a form that can be used by
your cells. multicellular organism a living
* Your circulatory system delivers the useful products of digestion to your cells. thing that is composed of many
* Your respiratory system ensures oxygen is supplied to your cells and that carbon el
dioxide is removed away from them. L UG BT

X . molecules released from the
e Your excretory system removes wastes that may otherwise be toxic to you cells. axon terminals into the synapse

. between nerve cells (neurons)
All of your systems need to work together so that a comfortable stable environment renrETa sl ket

for your cells is maintained. The nervous system (including nerves and that is produced in specialised
neurotransmitters) and the endocrine system (including glands and hormones) are cells and travels in blood to act

vital in helping your systems work together. ?:s;egg:; cells to cause a specific
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FIGURE 2.5 All body systems work together.
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2.2.2 Stimulus—-response model

Homeostasis

The internal environment in which your cells live needs to be kept constant.
Temperature, pH and concentrations of ions, glucose, water and carbon dioxide
need to be within a particular range. Maintenance of this constant internal
environment is called homeostasis.

To be able to achieve homeostasis, any changes or variations (stimuli) in the
internal environment need to be detected (by receptors). If a response is required,
this needs to be communicated to effectors to bring about some type of change or
correction so the conditions can be brought back to normal. This is described as a
stimulus-response model.

homeostasis the maintenance
by an organism of a constant
internal environment (for example,
blood glucose level, pH, body
temperature)

effectors organs that respond to
a stimuli to initiate a response
stimulus-response model

a system in which a change
(stimulus) is detected by
receptors leading to a response,
which acts to alter and return the
variance to normal
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FIGURE 2.6 The stimulus-response model

Receptor

Stimuli

Control
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There are various stimuli that your body needs to detect and, if necessary, respond to. Some of these stimuli may
be outside of your body, such as environmental temperature or potentially dangerous (for example, hot or sharp)
objects. Other stimuli may be inside your body, such as changes in body temperature and blood sugar, pH or

water levels.

Receptors

Receptors identify changes inside and outside your body. These special types of nerve cells may be located in
sense organs such as your eyes, ears, nose, tongue and skin (figure 2.7). Different types of receptors respond to
particular stimuli (table 2.1). These will be further investigated in subtopic 2.4.

TABLE 2.1 Example of some different types of receptors

Type of receptor Which stimuli does it respond to? Main location in your body

Photoreceptor Light Eye
Mechanoreceptor Pressure, movement and sound Skin, hair and skin cells
Chemoreceptor Chemicals Tongue, nose
Thermoreceptor Temperature Skin
FIGURE 2.7 Examples of the receptors in the human body

Eye Nose

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

nerve to your brain.

Photoreceptors in the retina of the eye detect light and send nerve
impulses along the optic nerve to your brain.

Ear
Mechanoreceptors in the
cochlea of your ear detect
vibrations and send impulses
along the auditory nerve to
the brain.

'_Tongue
Chemoreceptors on your tongue
detect chemicals that are
interpreted as different tastes.

Skin
Thermoreceptors in skin detect heat and mechanoreceptors
detect vibration, pressure, touch and pain.
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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.

Effectors

Effectors such as muscles or glands receive the message from the central nervous system to respond in a
particular way. Their response depends on the original stimulus. For example, if your hand is too close to a
candle flame, then muscles in your arm may respond to move your hand away from it. If your body temperature
increases too much, your sweat glands produce sweat to help cool you down (some other examples of this can be

seen in figure 2.10, which summarises thermoregulation).

2.2.3 Giving feedback?

Stimulus—-response models can also involve negative or positive feedback.
Most biological feedback systems involve negative feedback.

Negative feedback

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

the stimulus. It is a homeostatic mechanism that allows for the maintenance of
variables within a set range. For example, if levels of a particular chemical in the
blood were too high, then the response would be to lower them. Likewise, if the
levels were too low, then they would be increased. The response is ’fed back’ into
the system, allowing for further adjustments to be made if required.

The regulation of glucose levels in your blood involves negative feedback

(figure 2.8). If an increase in blood glucose levels has been detected by receptors,
the pancreas responds by secreting insulin, which may trigger an increased
uptake of glucose by liver and muscle cells and the conversion of glucose into
glycogen for storage. This lowers the blood glucose levels.

FIGURE 2.8 The negative feedback loop involved when high blood glucose is detected.

Receptor Control Effector
Chemoreceptors centre Pancreas

Stimulus
Increase in blood
glucose levels

Negative
feedback

Positive feedback

negative feedback a
homeostatic mechanism that
returns a stimulus back within its
normal range

pancreas a large gland in the
body that produces and secretes
the hormone insulin

insulin hormone that reduces
blood glucose levels

glycogen the main storage
carbohydrate in animals,
converted from glucose by the
liver and stored in the liver and
muscle tissue

positive feedback a homeostatic
mechanism that enhances the
original stimulus

Response
Insulin released and triggers

glucose uptake from cells

and storage as glycogen

Decrease in blood
glucose levels

Positive feedback results in the response going in the same direction as the change in stimulus. This causes an
amplification of the response, moving it further away from the normal range. Examples of positive feedback

include:
e when a mother is breastfeeding her baby:
¢ Mechanoreceptors in her nipple detect the baby sucking.

¢ The message is transferred 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.
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e The response continues until the baby stops

sucking and the stimulus is removed.
e the increase in contractions during childbirth.

¢ As the baby moves into the cervix (the area that
connects the uterus to the vagina, as seen in
figure 2.9), it causes stretching of receptors.

 This results in the release of a hormone called
oxytocin. Oxytocin causes the uterus to

positive feedback loop.

contract.

¢ As the baby is pushed further into the cervix,
the stretch receptors are further stretched, Stretch
resulting in more oxytocin release and stronger  receptors
contractions. in cervix

¢ Once the baby is born, the stimulus disappears,
so oxytocin levels drop, as do the contractions. -

2.2.4 How messages are sent in the body

/ bladder

FIGURE 2.9 The process of childbirth involves a

/ Uterus

Urinary

Vagina

Amniotic sac

To work together effectively, these systems require coordination. The two systems with this responsibility are
the nervous system and the endocrine system. While both of these systems require signalling molecules to
communicate messages throughout the body, they have different ways of going about it. The nervous system
and endocrine system will be explored further in subtopics 2.3 and 2.6. The nervous system uses a combination

of electrical and chemical signals. The endocrine system uses hormones.

TABLE 2.2 Comparison of messages sent through the endocrine and nervous
systems

Feature | Endocrine system ‘ Nervous system
Speed of message Slow Fast

Speed of response Usually slow Immediate
Duration of response Long lasting Short

Spread of response Usually slow Very localised

How message travels
through body

In circulatory system —
in bloodstream

In nervous system — along
nerves and across synapses

Hormones (chemicals) Electrical impulse and

neurotransmitters (chemicals)

Types of message

2.2.5 Working together

An example of the nervous and endocrine systems working together is in the control
of body temperature, referred to as thermoregulation. Evidence suggests that a part
of your brain called the hypothalamus contains a region that acts as your body’s
thermostat. It contains thermoreceptors that detect the temperature of blood that
flows through it.

If your body temperature increases or decreases from within a particular range,
messages from thermoreceptors in your skin or hypothalamus trigger your
hypothalamus to send messages to appropriate effectors. The effectors (such as those
shown in figure 2.10) then bring about a response that may either increase or decrease
body temperature. The nervous system and the endocrine system (through hormones
such as adrenaline and thyroxine) are both vital in this response.
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oxytocin a hormone that induces
labour and milk release from
mammary glands in females

nervous system the body
system in which messages
are sent as electrical impulses
(along neurons) and chemical
signals (neurotransmitters across
synapses)

endocrine system the body
system composed of different
glands that secrete signalling
molecules (hormones) that
travel in the blood for internal
communication and regulation
and to maintain homeostasis

thermoregulation the control of
body temperature
hypothalamus a part of the
forebrain that monitors internal
systems and coordinates the
nervous and endocrine systems
to maintain homeostasis
thermostat a device that
establishes and maintains

a desired temperature
automatically



FIGURE 2.10 Temperature regulation is an example in which the nervous system and the endocrine system work
together to maintain your body temperature within a range that is healthy for your cells.

Blood
temperature

Detected by
thermoreceptors
in hypothalamus

Skin
temperature
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Effector
nerves
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Muscles Arterioles in skin Sweat glands

Adrenal Skeletal Erector-pilli bl DZation Olf Sweai
medulla muscles muscles of hairs ieleuict sLe evaporates
(if hot) (if hot)

Thyroid
gland
Thyroxine Adrenaline
Increased rate Increased
of cell blood supply
metabolism to muscles

m Resources

)
I—_‘A eWorkbook The stimulus-response model (ewbk-5095)
assessm Additional automatically marked question sets

Shivering
(if cold)

Hairs raise up —
insulation (if cold)
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2.2 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,7,10 3,5,8 4,6,9, 11

Remember and understand

1. Match each of the following to its definition.

Term Definition

a. Cells A. different organs working together to perform a specialised function to keep an
organism alive

b. Organ B. a collection of similar cells that perform a particular function
c. System C. different types of tissues grouped together to perform a particular function
d. Tissue D. the smallest structural unit of living organisms

2. 19 These detect or identify changes or variations on the inside or outside of your body.

A. Effectors B. Receptors C. Response D. Stimuli
3. [l These bring about a response to changes or variations in the internal environment of your body.
A. Effectors B. Receptors C. Response D. Stimuli
4. l|dentify the type of receptor that would respond to the following stimuli:
a. light b. sound c. chemicals d. temperature.
5. Define each of the following terms:
a. Stimulus-response model b. Control centre
c. Effector d. Receptor

Apply and analyse

6. ldentify each of the following as positive or negative feedback:
a. Blood glucose levels increase and insulin returns this back to normal levels
b. During a fever, the body temperature continues to increase away from the set body temperature
c. When your body temperature decreases, thyroxine acts to increase your metabolism and increase
your body temperature
d. During childbirth, the release of oxytocin causes the cervix to dilate more and more.
7. Fill'in the blanks using the following terms: effectors, receptors, response, stimuli.

The stimulus-response model describes how , such as changes in the internal environment
of your body, are detected by , which may communicate the message to to
bring about some kind of so that conditions are brought back to normal.

8. Give an example of a negative feedback mechanism in the human body.
9. Distinguish between:

a. receptors and effectors

b. negative and positive feedback

c. the endocrine system and the nervous system.

Evaluate and create

10. Construct a flow chart to show the relationship between the following:
a. cells, organs, multicellular organisms, tissues
b. effector, response, control centre, stimulus, receptor.
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11. |[EE) Research the regulation and stimulus response model when blood glucose levels are too high.
a. Create a flow chart showing how the nervous and endocrine system work to return blood glucose to

normal.

b. Describe why individuals with Type | diabetes cannot properly regulate blood glucose.

c. Suggest some treatment options for individuals with Type | diabetes.

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

2.3 The nervous system — fast control

LEARNING INTENTION

At the end of this subtopic you will be able to explain the complexities of the nervous system and be able to

describe how messages are transmitted from a stimulus to generate a response.

2.3.1 Components of the nervous system

Your nervous system is composed of:
e central nervous system (CNS) — contains brain and spinal cords

e peripheral nervous system (PNS) — contains the nerves that connect the central nervous system to the

rest of the body.

FIGURE 2.11 The components of the nervous system

Central nervous system

Peripheral nervous system

Brain Spinal cord Nerves

Messages are sent by:
e sensory neurons — take messages to the central nervous system
* motor neurons — take messages away from the central nervous system.

The nervous system sends the message as an electrical impulse along a neuron
and then as a chemical message (neurotransmitters) across the gaps (synapses)
between them. We will discuss this in detail later in this topic.

central nervous system the part
of the nervous system composed
of the brain and spinal cord
peripheral nervous system

the part of the nervous system
containing nerves that connect to
the central nervous system

sensory neuron a nerve cell in
the sensory organs that conducts
a nerve impulse from receptors to
the central nervous system
motor neuron a nerve cell that
conducts a nerve impulse from
the central nervous system to

the effector, such as a muscle or
gland so that it may respond to a
stimulus
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FIGURE 2.12 The human nervous system
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2.3.2 Neurons

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 coordination.
Your nervous system assists you in keeping in control, and coordinating other body systems, so that they work

together and function effectively.

Your nervous system is composed of the central nervous system (brain and spinal
cord) and the peripheral nervous system (the nerves that connect the central nervous
system to the rest of the body). These systems are made up of nerve cells called
neurons. The axons of neurons are grouped together to form nerves.

Structure of a neuron

Neurons contain a nucleus and other cell organelles. They also contain a cytosol
and cell membrane like other cells. However, the various types of neurons are all
quite different. These differences mean that each particular neuron type is suited to
its specific communication role in the nervous system. These differences are shown
in table 2.3.
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neuron another name for
nerve cell, a specialised cell for
transmitting a nerve impulse

nerve a bundle of neurons

nucleus roundish structure inside
a cell that acts as the control
centre for the cell

organelle small structure in a cell
with a special function

cytosol the fluid found inside
cells
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Neurons are made up of three main parts:

¢ a cell body — contains the nucleus of a neuron

e dendrites — highly sensitive branching extensions on the cell membrane of the cell body; these dendrites

possess numerous receptors that can receive messages from the other cells

e axon — a long structure of the neuron that carries the electrical message from the dendrite and the cell
body. This structure is often covered with a white insulating substance called myelin, which helps speed

up the conduction of the message through the neuron.

FIGURE 2.13 An electrical impulse moves in only one direction
through a neuron.

Neuron

I - bOdy :

—

Electrical (nerve) impulse

The grey matter of the brain and spinal cord mainly consists of nerve cell

bodies and dendrites. The white matter of the brain is linked to the process of
myelination, where neurons are coated in a white material called myelin (figure
2.14). The myelin coat acts like the plastic material wrapped around electrical
wires for insulation. While myelination of neurons insulates, it also increases

the speed at which the nerve impulse can move through it and hence the speed at
which the message is communicated. Images using magnetic resonance imaging
(MRI) technology show that the amount of grey matter in the brain is reduced
throughout childhood and adolescence and the amount of white matter increases.

FIGURE 2.14 The components of a neuron
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Axon =

cell body part of a neuron that
contains the nucleus

dendrite structure that relays
information towards the cell body
of a neuron

axon long structure within a
neuron through which the nervous
impulse travels from the dendrite
and the cell body

myelin a fatty, white substance
that encases the axons of
neurons

myelination the process of
neurons becoming coated in a
myelin sheath

magnetic resonance imaging
(MRI) a medical imaging
technigue employing a powerful
magnetic field and radio waves to
produce a 3D image of a body

Axon
terminal
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Types of neurons

There are three different types of neurons:
e sensory neurons, which carry the impulse generated by the stimulus to the
central nervous system
e interneurons, which carry the impulse through the central nervous system
e motor neurons, which take the impulse to effectors such as muscles or glands.

FIGURE 2.15 Relationship between the different neurons in the nervous system

Interneurons

Central Effector
nervous (muscle
system or gland)
Stimulus Sensory Motor

neurons neurons

Sensory

receptors

TABLE 2.3 The structure of different types of neurons

Type of

neuron Function Structure

Sensory The sensory neurons in the sense Receptor produces
neurons organs detect changes in the an impulse

environment. Messages about
the changes are then relayed
as impulses to an interneuron.
Sensory neurons are part of the
PNS.

interneuron a nerve cell that
conducts a nerve impulse within
the central nervous system,
providing a link between sensory
and motor neurons

Action
or
response

Interneurons | The interneurons carry impulses
through the spinal cord and brain.
So, they are part of the CNS.
Interneurons are sometimes called
connector neurons. Impulses are
relayed from interneurons to motor
neurons.
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TABLE 2.3 The structure of different types of neurons (continued)

Type of
neuron Function Structure
Motor The motor neurons receive
. . Impulse ~
neurons impulses from interneurons and arrives at " \
. A\ “
cause a response in an effector effector "\ Nucleus
organ such as a muscle or a £ ) V4
-~ \ f 4
land. Motor neurons are part R e Myelin | L/ Cel
ga otor neurons are pa Axon ‘:{_7‘\-\_<Axon branch Shyealth‘\-‘\ ~€&—body

of the PNS. G

terminals > \ Path of

\ grpulse _ -
&
\

)
[\4 FIGURE 2.16 Relationship between the different kinds of neurons
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Axon Axon terminals

Effector organ
(muscle or gland)

ACTIVITY: Neuron models

Make models of the different neuron types using balloons, string or cotton, straws and tape.
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2.3.3 Synapses

The gap between neurons is called a FIGURE 2.17 Neurotransmitters passing along the
synapse. The nerve impulse cannot jump synapse to the next neuron
across the synapse so when the nervous

impulse has reached the axon terminal ‘Receiving’ ‘Sending’ neuron
of a neuron, tiny vesicles containing

chemicals called neurotransmitters are transported
to the cell membrane of the neuron. These
chemicals are then released into the synapse, as

seen in figure 2.17.

Synapse

Axon of
‘sending’ neuron

Neurotransmitter

1. The neurotransmitters move across the packages

synapse and bind to receptors on the
membrane of the dendrites of the next neuron.

2. This may result in triggering the receiving
neuron to convert the message into a nervous
impulse and conduct it along its axon.

3. When it reaches the axon terminal,
neurotransmitters are released into the synapse to be received by the dendrites of the next neuron.

4. This continues until the message reaches a motor neuron, which then communicates the message to an
effector, such as a muscle or gland. The effector may then respond to the message; for example, a muscle
cell may contract or a gland may secrete a chemical.

Mitochondrion

Released
neurotransmitters

Your nervous system involves the use of both electrical signals (nerve impulses) and chemical signals
(neurotransmitters) in order to detect a change in stimulus and initiate a response.

FIGURE 2.18 Your nervous system involves the use of both electrical signals
(nerve impulses) and chemical signals (neurotransmitters).

Stimulus Nerve impulse Nerve impulse Nerve impulse Response

Motor
neuron

Sensory

Receptor
neuron

D D -

Neurotransmitter Neurotransmitter Neurotransmitter

m Resources

synapse the gap between

=05 adjoining neurons where
LA eWorkbook Labelling a synapse (ewbk-5099) neurotransmitters travel
(») Video eLesson Brain cell synapse (eles-2634) vesicle a small fluid-filled,

membrane-bound sac in a cell
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2.3.4 Reflex actions

Sometimes, you need to consciously think about what your
body does. However, at other times, actions happen without
you having to think about them.

FIGURE 2.19 You don’t need to think what to
do when you touch something hot.

Have you ever had sand thrown in your eyes or touched
something too hot? Or had a ’knee-jerk’ reaction when a
doctor sharply taps your knee? Sometimes you don’t have
time to think about how you will react to a situation. Some
actions need to be carried out very quickly — it may be

a matter of survival! These actions are examples of reflex
actions.

You also react to many internal stimuli using reflex

actions. Breathing, for example, is a response regulated by
chemoreceptors detecting changes in carbon dioxide levels in
your blood. It’s very helpful that you don’t have to remember
to breathe — imagine what would happen if you forgot to!

Reflex actions may involve only a few neurons and require no conscious thought.
Their pathway travels only to and from the spinal cord, and is called a reflex arc.
An example of this process is outlined in figure 2.20.

reflex arc a quick response to a
stimulus that does not involve the
brain (for example, knee jerk). The

1. A stimulus is encountered (in either the internal or external environment). message travels from receptor to
2. The stimulus is detected by a receptor. sensory neuron to interneuron in
3. The message is sent via the sensory neuron to the interneuron in the spinal cord. e SPinal cord then directly via

’ g . . y P *  the motor neuron to the effector.
4. Interneurons in the spine send the message to the motor neuron.
5. Motor neurons send the message to the effector to bring about a response.
6. The response occurs.

One important feature of the reflex arc is that a response occurs without the message needing to go to the brain.

)
LA FIGURE 2.20 The reflex arc pathway does not go via the brain.
ewbk-5101

4.
int-0015 Interneurons in
the spine relay
the message to a
motor neuron.

5.
Motor neurons
send the message
to an effector
organ: in this
case, muscles in
the upper arm.

6.
The muscles
contract. The
response is to pull
the finger away
from the flame.

2.

Sensory neurons,
in this case,
thermoreceptors
in the skin of the
finger, detect the
heat.

3.
Sensory neurons send a 1.
message to the spine. The stimulus is the heat from the candle.
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INVESTIGATION 2.1

How good are your reflexes?

elog-0627

Aim
To investigate some automatic responses

Materials

* well-lit room
® chair
¢ stopwatch or clock with a second hand

Method

Work in pairs for both parts of this activity. Decide who
will be the experimenter and who will be the subject. Then
swap roles and repeat both parts.

Part A: Kept in the dark

1. If you are the experimenter, look closely at the
eyes of your partner, noting the size of the pupils.

2. Ask your partner to close his or her eyes for
60 seconds.

3. At the end of this time, monitor your partner’s
eyes for any changes.

Part B: Knee jerk

4. Have your partner sit on a chair with one leg
crossing over the other knee as shown.

5. Use the edge of your hand to gently strike the
crossed leg of your partner just below the knee
in the joint.

You may need to repeat this a few times to get a
response from your partner.

Results
Record your observations from Part A and Part B.

Discussion

Part A: Kept in the dark

1. What changes did you notice?

2. |dentify the (a) stimulus and (b) response.

3. Why do you think this reflex action is important to our survival?
4. Can you control the size of your pupil?

Part B: Knee jerk

5. Identify the (a) stimulus, (b) response and (c) effector.

6. Did you get the response the first time? Why or why not?

7. Can you control a knee-jerk response?

8. Suggest possible improvements to this experiment and suggest further relevant investigations that
could be carried out.

Conclusion

Summarise your overall findings and outline why the reactions seen in both parts of the experiment are examples
of reflex actions.
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2.3.5 Conscious response

More complex actions involve many interconnecting neurons and specialised parts of the brain. The messages
pass into and along the spinal cord and the brain to be interpreted. When thinking takes place, we can make
decisions about which responses are needed. Impulses are then sent along appropriate motor neurons to the
effectors. This is called a conscious response.

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.

CASE STUDY: Pests and poisons

Have you ever been bitten or stung by an insect, animal or plant? Do you
remember what the pain felt like? Why was it so painful? 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, causes rapid release and depletion of 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.

FIGURE 2.21 Red-back spiders
produce a toxin that impacts the
release of neurotransmitters.

Many plants produce chemicals that sting by strongly stimulating the pain
receptors in the skin. Messages are sent rapidly to the brain, which
interprets them as pain. Other plants, including chrysanthemums,
produce insecticides such as pyrethrums. These target the nervous
system of insects, resulting in their death. The commercial 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. Can you think of any other plants that can
defend themselves like this?

SCIENCE AS A HUMAN ENDEAVOUR: Chemical weapons

Chemicals similar to those found in poisonous plants
and animals have been used as agents of human
warfare. These chemicals specifically target the nervous
system. Nerve gas, for example, contains a substance
that prevents neurotransmitters functioning properly

at the synapses. The neurotransmitters accumulate,
causing the nervous system to go haywire. Such chaos
can result in death.

FIGURE 2.22 Scientists and experts working
with dangerous chemicals that target the nervous
system must use protective suits.

The first nerve gas, tabun, was initially developed when
German scientists were developing a better insecticide.
This has led to more deadly agents such as sarin and
VX. All nerve gases block the body’s production of

an enzyme called acetylcholinesterase. This enzyme
regulates the nerves controlling the action of particular
muscles. A deficiency of acetylcholinesterase leads to
tightening of your diaphragm, convulsions and death.
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DISCUSSION

Is the use of chemical warfare ever justifiable? Discuss this with your class, recording all the various opinions
and views.

Resources

eWorkbook The nervous system (ewbk-5103)
assessm Additional automatically marked question sets

2.3 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,7,9 2,4,8,10,11,13 5,6,12,14, 15

Remember and understand

1. Fillin the blanks using the following terms: brain, central, nerves, peripheral.

The human nervous system is composed of the nervous system ( and
spinal cord) and the nervous system (the that connect the central nervous
system to the rest of the body).

2. Match the term with its description in the table provided.

Term Description

a. Central nervous system A. Gap between neurons

b. Motor neuron B. Made up of neurons

c. Nerves C. Nerves that connect the central nervous system to the rest of the body
d. Neuron D. Takes messages to the central nervous system

e. Neurotransmitter E. Made up of a cell body, dendrites and axon

f. Peripheral nervous system F. Brain and spinal cord

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

h. Synapse H. Takes messages away from central nervous system
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3. Identify the components of the nervous system and describe their function.

4. Label the cell body, dendrites and axon on the motor neuron and show the direction in which the
impulse travels.

5. Distinguish between:
a. a receptor and an effector
b. a sensory neuron, an interneuron and a motor neuron
c. a neuron and a nerve.
d. a reflex action and conscious reaction.

Apply and analyse

6. Suggest how the structure of the different types of neurons suits them to their function.

7. Describe the advantage of the presence of myelin on the axon of a neuron.

8. With reference to chemical and electrical signalling in nerve cells, describe one way in which animals
can cause paralysis.
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9. a. Place a tick in the table provided for the responses that are reflex actions and that are conscious
responses:

Action Reflex action Conscious response

Sneezing

Blinking

Scratching your head

Knee-jerk reaction

Clapping

Breathing

b. Explain how you decided if each action was a reflex or conscious reaction.
Evaluate and create

10. Organise the terms below into a Venn diagram of the nervous system and the endocrine system.

Central nervous system Electrical impulse
Endocrine gland Glucagon

Insulin Homeostasis
Hormone Motor neuron
Neurotransmitter Pancreas
Peripheral nervous system Sensory neuron
Stimulus-response model Negative feedback

11. Suggest how you could link the nervous system
terms in the flow chart provided.

Electrical impulse

Motor neuron

Sensory neuron

Response

Receptor

Neurotransmitter

Stimulus

Effectors Releases

urotransmitter -

12. a. m Suggest a reason why the pupil of your eye increases in size in dim light.
b. Outline some triggers that may cause the size of your pupil to change in size.

13. How does blocking the production and action of neurotransmitters cause paralysis? Include a diagram
to show this.

14. m Imagine that you are a scientist involved in researching the nervous system. Propose a relevant
question or suggest a hypothesis for a scientific investigation and outline how you would design your
investigation.

15. m 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. Report on your findings of this.
b. What sorts of strategies do we have in Australia to cope with threats of chemical warfare?

Fully worked solutions and sample responses are available in your digital formats.
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2.4 Getting the message

LEARNING INTENTION

At the end of this subtopic you will be able to describe the links and differences between the senses and different

types of receptors in the human body.

2.4.1 Your 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 environment. 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 table 2.4). You have photoreceptors for
vision, chemoreceptors for taste and smell and mechanoreceptors
for pressure, touch, balance and hearing.

Five receptors

1. Thermoreceptors enable you to detect variations in

temperature and are located in your skin, body core and part of your brain,

called the hypothalamus.

2. Mechanoreceptors are sensitive to touch, pressure, sound, motion and
muscle movement and are located in your skin, skeletal muscles and
inner ear.

3. Chemoreceptors are sensitive to particular chemicals and are located in
your nose and tastebuds.

4. Photoreceptors are sensitive to light and are located only in your eyes.

5. Pain receptors enable you to respond to chemicals released by damaged

cells. Detection of pain is important because it generally indicates danger,
injury or disease. Although these receptors are located throughout your body,

they are not found in your brain.

Each type of receptor is a different shape to respond to a different stimulus
(table 2.4).

FIGURE 2.23 Transmission electron
microscope (TEM) image of a
chemoreceptor

sense organ a specialised
structure that detects stimuli
(such as light, sound, touch, taste
and smell) in your environment

thermoreceptors special cells
located in your skin, part of your
brain and body core that are
sensitive to temperature
mechanoreceptors special cells
within the skin, inner ear and
skeletal muscles that are sensitive
to touch, pressure and motion
chemoreceptors special cells
within a sense organ that are
sensitive to particular chemicals
photoreceptor a special cell
located in your eye that is
stimulated by light

pain receptors special cells
located throughout the body
(except the brain) that send nerve
signals to the brain and spinal
cord in the presence of damaged
or potentially damaged cells
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TABLE 2.4 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, Separate receptors for each Thermoreceptor
movement type of stimulus Mechanoreceptor

Taste Tongue Chemical substances: sweet, Tastebuds Chemoreceptors
salty, bitter and sour

Smell Nose Chemicals: odours Olfactory nerves inside Chemoreceptors

the nose

2.4.2 Touch receptors

Your skin contains a variety of types of receptors (figure 2.24). Pain receptors and mechanoreceptors enable you
to detect whether objects are sharp and potentially dangerous. There are also hot thermoreceptors that detect an
increase in skin temperature above the normal body temperature (37.5 °C) and cold thermoreceptors that detect
a decrease below 35.8 °C. These thermoreceptors can also protect you from burning or damaging your skin. The
sensitivity of these receptors can depend on how close together they are and their location in your skin.

FIGURE 2.24 Your skin contains a variety of receptors that provide you with a sense of touch.
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INVESTIGATION 2.2

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

1.

2.

6.

/s

Use rubber bands to attach two toothpicks to a ruler so that they are 2 cm
apart.

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. 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.

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

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

Swap roles with your partner and repeat the experiment.

Results

Record your observations in the table.

TABLE Observations for the distance between two points on different parts of the skin

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

Inside forearm

Palm of hand

Calf

Finger

Back of neck

Discussion

SN S

Which touch receptors were being used in this experiment?

Construct a graph to represent your data and comment on observed patterns.
Which area of the skin was (a) most sensitive and (b) least sensitive?

Suggest why the skin is not equally sensitive all over the body.

Which parts of the skin are likely to have the most contact receptors?

Discuss how your predictions compared to your experimental results.

7. Suggest improvements to this investigation and further experiments to investigate contact receptors.

Conclusion

Summarise your overall findings.
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2.4.3 Smell receptors

The sweet scent of a rose or the stink of garbage? Gaseous molecules from the air olfactory nerve nerve that sends
are breathed in through your nose. When dissolved in the mucus of your nasal cavity, signals to the brain from the

the hair-like cilia of your nasal chemoreceptors are stimulated to send a message via chemoreceptors in the nose
your olfactory nerve to your brain to interpret it, giving you the sensation of smell

(figure 2.25).
FIGURE 2.25 A flow chart FIGURE 2.26 Chemoreceptors in your nose enable
of how we process smell you to have a sense of smell.
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2.4.4 Sight receptors

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 iris coloured part of the eye that
person next to you) and you will see: opens and closes the pupil to
control the amount of light that
e the iris is the coloured part of your eye, which is a ring of muscle enters the eye
e the pupil is the dark spot in the centre of your eye. Your pupil is simply a hole pupil a hole through which light
in the iris enters the eye
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As your iris is a ring of muscle, 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.

FIGURE 2.27 The iris and the pupil in the eye

Pupil (black hole)

Iris (coloured part)

Structure of the eye

The cornea is the clear outer ‘skin’ of your eye. It is curved so that the
light approaching your eye is bent towards the pupil. The clear, jelly-
like lens bends or focuses light onto a thin sheet of tissue that lines the
inside of the back of your eye called the retina. The lens is connected
to muscles, which can make it thick or thin. This allows your retina to
receive a sharp image of distant or nearby objects. Your retina contains
photoreceptor cells called cones and rods. The rod cells detect light
intensity and the cone cells respond specifically to colour (figure 2.28).

cornea the curved, clear outer
covering of your eye

lens a transparent curved object
that bends light towards or away
from a point called the focus

retina curved surface at the back
of the eye

cones photoreceptors located

in the retina that respond to red,
green or blue light

rods photoreceptors located in
the retina that respond to low
levels of light and allow you to see
in black and white in dim light

FIGURE 2.28 A scanning electron
micrograph of the rod (purple) and
cone (blue) cells in the eye.

@ FIGURE 2.29 There are a number of structures within your eyes that function together so that you can detect and

ewbk-5105  respond to light.

(4

eles-2635

Retina

Optic
Light from a nerve

distant object

Lens
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Short-sightedness (myopia) and long-sightedness (hyperopia) 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 and
makes sense of the image. The photoreceptors in the retina respond to the light stimuli by sending signals to
your optic nerve, which then forwards them to your brain for interpretation. The process can is outlined in
figure 2.30.

FIGURE 2.30 Flow chart of how cells and nerves work together to allow us to see

Eye
black and white colour
vision vision

Photoreceptors

size

regulated by contains

) |

I

I

:
I

Image formed ! short-sightedness (myopia) the

¥ condition of not being able to see

clearly things that are far away
long-sightedness (hyperopia)
the condition of not being able to
see clearly things that are close
optic nerve large nerve that
sends signals to the brain from
the sight receptors in the retina

Resources

Weblink The human eye

INVESTIGATION 2.3

elog-0631
Dissection of a mammal’s eye

Aim
To investigate the structure of an eye

CAUTION

Handle dissecting instruments with care and ensure they are placed in a sterilising solution after use. Wear
safety glasses and disposable gloves throughout the dissection and wash your hands thoroughly at the end.
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Materials

® bull’s eye or similar ® scalpel or razor blade * water

e dissection board ¢ safety glasses e disposable gloves
® newspaper e forceps

[ ] [ ]

paper towelling stereo microscope

Method

1. Put on safety glasses just in case any of the aqueous or vitreous humour squirts out at you. Aqueous
and vitreous humour are jelly-like liquids that give eyes their shape.

2. Carefully place the bull’s eye on a dissection board covered with newspaper and paper towelling.
Place bull’s eye on dissection board covered with newspaper. Locate the transparent skin of the
cornea.

Draw and label the structures of the bull’s eye before and after your dissection. (Use the diagrams
provided to help you to label your drawing.)

Cornea ——— >

Eyeballis — X

protected by a tough
protective layer (sclera).

3. Locate the optic nerve. It is a hard, white, solid tube at the back of the eye. You may have to
remove some fat to see it. Add descriptive comments to your labels as you make your observations
throughout this activity.

Optic nerve

4. Look at the coloured part of the eye (iris) and the black part in the centre (pupil).

Iris
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5. Cut a small window in the eyeball. Be careful that the vitreous humour does not run out. Starting from
this window, cut forward and around the iris. Record your observations regarding the toughness of the
sclerotic coating.

Window

Cutting lines

6. From this window, cut towards and then all the way around the iris so that you have cut the eye into
two parts.
7. Lift off the top part of the eye and examine the iris.
Remove the lens with forceps and see if you can read the print on the newspaper through it.
9. Use water to rinse out the jelly-like material (humour) from inside the eye and examine the retina.

Record your observations.

10. Follow your teacher’s instructions regarding the cleaning of equipment and disposal of the
dissected eye.

®

Results

1. Draw labelled diagrams of the eye before and after the dissection.

2. What is the black part in the middle of the iris?

3. What did you observe when you looked at the newspaper through the lens?
4. What did the retina look like? Could you find the optic nerve?

Discussion

1. What does the diaphragm in a microscope do?

2. Which part of the eye does the diaphragm in a monocular microscope most resemble?
3. Summarise your findings in a table.

Conclusion

Write a conclusion about your observations of the structure of the eye.

ACTIVITY: In the dark

Investigate the effect of light intensity on the iris of a human eye.
® Cup your hands loosely over both eyes so that you cannot see anything but your hands. Keep your
eyes open. Look at the insides of your hands.
* After about one minute, have your partner look carefully at your pupils.

1. What happens to the iris as your hands are removed?
2. Explain your observations.
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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 in your
retina. Rods are more sensitive to light

FIGURE 2.31 The receptor cells in the retina respond to
brightness and colour.

by b v

and allow you to see in black and white = Nerve
in dim light. Cones are responsible for — fibres
colour vision, are less sensitive to light Ganglion
and operate best in daylight. At night, there  cell layer |
is not enough light for your cones to sense
colour.
Bipolar |
layer
Rod
Receptor
layer
Cone
Pigment
cell layer
CASE STUDY: Colour blindness i o
colour blindness an inherited
Are you colour blind? Colour blindness is an inherited condition that is generally condition, more common in

more common in males; however, rarely females can also be colour blind, due to
the way in which the condition is inherited. There are also different types of cones. If
you have a deficiency of one or more of these it may mean that you find it difficult to

males, in which a deficiency of
one or more of the different types
of cones may mean that you

find it difficult to see a particular

see a particular colour or combinations of colours. collEUT 6F R REERs 6f Gelaurs

FIGURE 2.32 Can you see the different numbers in the Ishihara test? If not, you may be colourblind.
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2.4.5 Hearing receptors

The ear is your sense organ that detects sound. The steps
involved in the detection of sound and the process of
hearing is:

1. Sound travels by waves, which are vibrations in the air.
2. When the air inside your ear canal vibrates, it causes

your eardrum to vibrate at the same rate.

3. Three tiny bones known as ossicles in your middle ear
receive this vibration from your eardrum and then pass it

to your inner ear.

4. Inside your inner ear, thousands of tiny hairs attached

to nerve cells of the snail-shaped cochlea detect the
vibration and send a message to your brain via your
auditory nerve.

5. Your brain interprets the message as hearing sounds.

FIGURE 2.33 An electron micrograph of
hair cells in the cochlea

FIGURE 2.34 Your ear contains specialised structures that help you to

detect sound.

Quter ear Middle ear  Inner ear
| ” ” Semicircular Auditory
: : canals nerve
? 5 i
(.,’,‘ Hammer :: Anvil 3:
7 i [ ¢
°£ mrf‘ G
“o“.(;sr\ / To brain
[5%
)4— Cochlea
¢,
Vi 2
Eardrum Stirrup
Auricle ~— Fu;tachian
Ear canal Oval window \ ube

FIGURE 2.35 Flow chart of the steps that allow us to hear

Outer
ear

Sound
vibration |

To nose
and mouth

Ossicles

Oval
window

Cochlea

ear canal the tube that leads
from the outside of the ear to the
eardrum

eardrum a thin piece of stretched
skin inside the ear that vibrates
when sound waves reach it
ossicles a set of three tiny bones
that send vibrations from the
eardrum to the inner ear

middle ear the section of the ear
between your eardrum and the
inner ear, containing the ossicles
cochlea the snail-shaped part of
the inner ear in which receptors
are stimulated

auditory nerve a large nerve
that sends signals to the brain
from the hearing receptors in the
cochlea

Sound
detected

Auditory
nerve
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2.4.6 Taste receptors

The tongue is your sense organ for taste. It was once
thought tastebuds in different regions of your tongue
could detect particular flavours such as salty, sweet,
sour, bitter and savoury (figure 2.36). However, new
scientific discoveries have 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 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.

Hardwired for flavour

Our brains are wired so that we enjoy sweet, savoury
and salty foods so that we can obtain the energy,
protein and nutrients that we need to survive. However,
mass-produced foods 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 diabetes, 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.

.- Resources

R

./ eWorkbook  Skin (ewbk-5109)

assessm Additional automatically marked question sets

FIGURE 2.36 This model of taste is now obsolete.

Bitter

Sour

Salt

Sweet

FIGURE 2.37 Tastebuds containing chemoreceptors
(as shown here), which are sensitive to particular
chemicals

tastebuds nerve endings located
in your tongue allowing you to
experience taste

papilla bumps on your tongue
that are thought to contain
tastebuds

ACTIVITY: Unami

Historically, we have classified taste as four main types: sweet, salty, bitter and sour. Recent findings suggest
a fifth basic taste, known as unami. Find out what unami is and create a poster outlining the five different basic

tastes, including common foods in each category.
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2.4 Exercise learn[]]

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1, 4,8, 10 2,5,7,11,12 3,6,9,13,14

Remember and understand

1. State the purpose of the sense organs.
2. Complete the following table:

TABLE Sense organs, stimuli and types of receptors

Sense organs Stimuli Types of receptors
Photoreceptor
Ear
Smell
Tongue
Touch

3. Match each location to the type of receptor.

Location Receptor

a. Tastebuds in mouth A. Photoreceptor
b. Hot and cold receptors in skin B. Mechanoreceptor
c. Rods and cones in the retina C. Thermoreceptor
d. Hairs in the cochlea of ear D. Chemoreceptor
4. ldentify the location and function of the:
a. optic nerve b. olfactory nerve.
Apply and analyse
5. Describe the difference, relationship and function between:
a. the pupil and iris in the eye b. rods and cones in the eye.
6. In which part of the human body is an observed image:
a. formed b. interpreted

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

Suggest a reason why we are ‘hardwired for flavour’.

9. 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.

®

Evaluate and create

10. m Describe the new model that is used to explain the involvement of our tongues in the sensation
of taste. How is this different to the previous model?

11. Construct a flow chart or mind map that shows structures involved in:
a. smell b. vision c. sound.
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12. Suggest why:
a. the thickest part of your skin is on the soles of your feet
b. some parts of your skin, such as the back of your hand, are more sensitive to heat than others?

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

14. E 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?

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

2.5 The brain

LEARNING INTENTION

At the end of this subtopic you will be able to explain the parts and functions of the brain.

2.5.1 What is in your brain?

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 communication between
other neurons. This communication is very
important in relaying information about
your environment and deciding what to

do with it. Refer back to section 2.3.2 to
review neurons.

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:
e intelligence
e creativity
e perceptions
® conscious reactions
e 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
heartbeat or monitoring the glucose level in your blood.

TOPIC 2 Control and coordination 93



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.

2.5.2 How the brain is organised

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.

From back to front

e Your hindbrain is really a continuation of your spinal cord. It develops into the
pons and cerebellum, and the medulla oblongata (medulla).

e Extending through your hindbrain and midbrain is a network of fibres called the
reticular formation — a network of neurons that opens and closes to increase
or decrease the amount of information that flows into and out of the brain. The
reticular formation helps regulate alertness (from being fully awake or deeply
asleep), motivation, movement and some of the body’s reflexes (such as sneezing
and coughing).

e The forebrain develops into the cerebrum, cerebral cortex (outer, deeply
folded surface of the cerebrum) and other structures such as the thalamus,
hypothalamus and hippocampus.

FIGURE 2.39 Components of the human brain

Forebrain

cognition another name for
thinking or mental activity

hindbrain a continuation of the
spinal cord

pons part of the brain involved

in regulating sleep, arousal and
breathing, and coordinating some
muscle movements

medulla oblongata (medulla)

a part of the brain developed
from the posterior portion of the
hindbrain

reticular formation a network
of neurons that controls the
amount of information that flows
into and out of the brain
forebrain consists of the
cerebrum, cerebral cortex,
thalamus and hypothalamus
cerebral cortex the outer, deeply
folded surface of the cerebrum

thalamus part of the brain
through which all sensory
information from the outside
(except smell) passes before
going to other parts of the brain
for further processing
hippocampus part of the brain
with a key role in consolidating
learning, comparing new
information with previous
experience, and converting
information from working memory
to long-term storage

Reticular

) Cerebellum
formation

Cerebrum Thalamus Hypothalamus

Brain stem or medulla

Pons Medulla

Not all actions in your body require conscious thought. These are called involuntary actions and you don’t need
to think about them for them to occur. Breathing, heartbeat, blood pressure, coughing, vomiting, sneezing and

salivating are all examples of involuntary actions controlled by your brain stem.

Your brain stem (or medulla) is located between your spinal cord and your cerebrum.
If this vital structure is damaged, death may result.
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FIGURE 2.40 The human brain

Cerebrum — key roles in

cognitive (thinking) processes
Corpus callosum — a bridge of———— such as, con_scious thO.UthS’

problem solving, decision
making, memory, language
and learning

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,

0 Brain stem — regulates life
memory and learning.

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

Spinal cord

Cerebellum

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.

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.

cerebellum the part of the brain

The cerebrum is made up of four primary areas called lobes. Each of these lobes YT i
is associated with particular functions. action

. . cerebrum the largest part of
You can use a piece of paper to model how the cerebrum can fit into such a small - respons?ue fzr higher
area. If you screw up the piece of paper so that it is roughly the size of your fist order thinking, controlling speech,
you can see how the cerebrum, with its large surface area, can fit into a small conscious thought and voluntary

c. . ti
area within your skull. Its many wrinkles and folds are the reason that only about actions

one-third of this structure is visible when you look at the outside of a brain.
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Resources

Video eLesson Willis and the brain (eles-1783)

SCIENCE INQUIRY: Using analogies and metaphors to understand the brain

Using analogies and metaphors can be very useful in helping you to connect information that you already know
to new information. Analogies are similarities between two or more things on which a comparison may be based.
Metaphors are figures of speech in which something is spoken of as if it were something else. An example of an
analogy is ‘a child’s brain is like a sponge.’ 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 limitations. The
more we find out about the brain, the less suitable a previously used metaphor or analogy may be. Examples of
other metaphors that have been used for the brain include a cloud server, a toolbox and 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?

2.5.3 Left and right — Two brains in one?

Your cerebrum is divided into two cerebral hemispheres — the right cerebral cerebral hemispheres the left
hemisphere (mainly responsible for the left side of your body) and the left cerebral and right halves of the brain
hemisphere (mainly responsible for the right side of your body). While each corpus callosum a bridge of
hemisphere is specialised to handle different tasks, they work together as an integrated nerve fibres through which

.. . L. . the two cerebral hemispheres
whole, communicating with each other through a linking bridge of nerve fibres called communicate

the corpus callosum.

ACTIVITY: Brain dominance

Although the left and right cerebral hemispheres have specialised functions, they communicate with each other.
Depending on the task, you can switch from one side of your brain dominance to the other a number of times
each day.

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

a. For each hemisphere, give a mark between 1 and 5 (1 being strongly disagree and 5 being strongly
agree) for each of the statements you relate to in figure 2.41.

b. Add up the total score for each side. In which hemisphere of the brain did you score higher? What
about the majority of your class?

c. What does this mean in terms of your learning?

Although each cerebral hemisphere processes information differently, they are both involved in putting together

the total picture of 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.

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. >
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FIGURE 2.41 Each hemisphere has specialised functions

Right cerebral hemisphere
1. I don’t mind randomness.

2. | learn best when | make up

the whole picture after learnin

its parts.

4. | prefer to see or
experience a topic
before | learn about it.

5. | like collecting information
about how things relate to
each other.

6. | prefer learning environments
that are spontaneous rather

than structured.

7. | like novelty and surprises
without a definite outcome.

"
3. | want to use diagrams, /

graphics and pictures. \T

¢

Left cerebral hemisphere

. | prefer things in order.

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

. | want to use symbols,
words and letters.

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

. | like to collect
relevant facts
about a topic.

. | prefer precise, organised
instructions.

. | want organisation
and predictability.

CASE STUDY: Learning new skills

When you start learning a new skill, you
have to think carefully 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.

FIGURE 2.42 Learning new skills requires conscious thought.
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2.5.4 Tasty words and colourful letters?

A small percentage of the population have their senses crossed and associate letters
with a flavour, numbers 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 condition. Currently there is exciting research being conducted in this area,
investigating how people with this condition form and remember memories. Some

of these investigations involve the use of functional magnetic resonance imaging
(fMRI) to get a 3-dimensional image of the brain so that the areas of the brain that are
activated during different mental tasks can be recorded.

synaesthesia a condition in
which a sensation is produced

in one physical sense when a
stimulus is applied to another
functional magnetic resonance
imaging (fMRI) a type of
specialised MRI scan used to
measure the change in blood flow
related to neural activity in the
brain or spinal cord

FIGURE 2.43 Someone with synaesthesia might perceive certain letters and numbers as they are shown here.

SYNAESTHESIA
0123456789

INVESTIGATION 2.4

Dissection of a mammal’s brain
Aim
To investigate the structure of the brain

CAUTION

Handle dissecting instruments with care and ensure they are placed in a sterilising solution after use. Wear
safety glasses and disposable gloves throughout the dissection and wash your hands thoroughly at the end.

Materials

a semi-frozen sheep’s brain

dissecting board

dissecting instruments (scalpel, forceps, scissors)
plastic ruler

paper towel

disposable gloves

Method

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

bottom.

2. Identify the external features of the brain: the cerebral hemispheres, cerebellum and brain stem.
3. 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.

4. Carefully observe the overall appearance of each structure and, using a plastic ruler, measure its size

(length, width and height). Include this information in a table in the results section.
5. Draw a diagram of the sheep’s brain, labelling the external features.
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6. Using your scalpel, cut the brain in half between the right and left hemispheres, and separate the two
cerebral hemispheres.

R

7. Draw a cross-section of the brain. Be sure to label it!
8. Now make a second cut down through the back of one of the hemispheres to see inside the
cerebellum and brain stem.

Results
1. Construct a table with the headings shown below and record your observations from the dissection.

TABLE Observations of different brain structures

Appearance
Brain structure | Colour Texture | Otherfoatures | Size |
Cerebrum
Cerebellum
Brain stem

2. Sketch the sheep’s brain, labelling the external features. On your diagram, identify and label the part of
the brain that controls the sheep’s:
a. heart rate
b. balance required for walking
c. ability to locate its lamb.
3. Sketch a cross-section of the sheep’s brain.

Discussion

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

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

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

4. |dentify strengths and limitations of your investigation of the brain and suggest improvements.

Conclusion
Summarise your findings of the structures in the brain.

Resources

eWorkbook The brain (ewbk-5113)
Weblink Neuroscience

assessm Additional automatically marked question sets
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2.5 Exercise learn[:]}]

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,5 3,6,9 4,7,8

Remember and understand

1. Name the organ that has been described as the control centre of your body.
2. ldentify 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. Explain the roles of the following components of the brain:

a. cerebrum b. pons c. medulla oblongata d. hippocampus.
4. Distinguish between:

a. cerebrum and cerebellum

b. left and right cerebral hemispheres

c. cerebrum and cerebral cortex.

Apply and analyse

5. Use analogies to describe the appearance of the:

a. brain b. cerebrum c. cerebellum.
6. Copy the cluster map shown and insert ‘cerebrum’, ‘cerebellum’ and ‘brain stem’ into their appropriate
location.

Balance and

Cognitive processes

coordinated movement

Regulates life

support systems

Blood pressure Heart rate

7. a. Explain the difference between the cerebral hemispheres.
b. Outline how these hemispheres are able to work together.

Breathing
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Evaluate and create

8 [ER) Brains react to music like a drug. This was a claim made in the media in 2011. It was based on a
scientific study that used PET (positron emission tomography) and fMRI brain scans to record brain
activity of volunteers while they listened to their favourite piece of music. The PET scan detected a
release of dopamine (a neurotransmitter responsible for feeling a sense of reward and pleasure) in their
brains and the fMRI scan showed increased blood flow to the emotional response areas.

a. For this investigation suggest:
i. a hypothesis
ii. the dependent variable(s) and independent variable
iii. an appropriate control group
iv. controlled variables.
b. Find out more about similar investigations. Is the media claim supported by your findings? Explain.

9. [EE) The table shows the brain size as a percentage of body mass for a number of animals. Use this
data, your own knowledge, and other resources (if required) to answer the following questions.

a. Construct a graph using the information in the table.

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

c. Suggest and discuss two possible explanations for the observed patterns.
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.

TABLE The brain size as a percentage of body mass for different animals

Animal Brain size as % of body mass

Mouse 10
Chimp 0.8
Elephant 0.1
Dolphin 1
Cat 1
Human 2

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

2.6 The endocrine system — slow control

LEARNING INTENTION

At the end of this subtopic you will be able to explain how the endocrine system controls the body functions
through hormones released by various glands.

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 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 coordinating activities in your body. Your
endocrine system uses chemical messengers called hormones. They are produced in your endocrine glands
and are released directly into your bloodstream. Although hormones are carried to all parts of your body, only
particular cells have receptors 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 have receptors that
respond to the hormones carried through your body and respond in a particular way.
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eles-2633

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 specific target cells in which they bring
about a particular response.

Hormones control and regulate functions such

as metabolism, growth, development and sexual
reproduction. Like the nervous system, the endocrine
system detects a change in a variable, and often acts
using a negative feedback mechanism to counteract the
initial change. The endocrine system also works with
the nervous system to regulate your body’s responses
to stress. The effects of the endocrine system are
usually slower and generally longer lasting than those
of the nervous system.

TABLE 2.5 Examples of endocrine glands and their
hormones

FIGURE 2.44 The human endocrine system

Hypothalamus Pituitary gl

Adrenal glands

Pineal gland

and

— Thymus gland

~ Pancreas

Endocrine Example of
gland hormone released | Response
Thyroid Thyroxine Raises basal
metabolic rate Testes
Adrenal Adrenaline Increases heart rate (males)
and blood pressure in
times of stress
Pancreas Insulin Lowers blood glucose Ovaries
levels
Pituitary Anti-diuretic Reabsorption of water
hormone (ADH) in kidneys
Ovaries Progesterone Controls menstrual
cycle and pregnancy _
Thymus Thymosin Stimulates the é-“"f
production of white
blood cells to fight
infection

2.6.2 Endocrine glands in your brain

Although endocrine glands are located in various parts of your body, three major glands are located in the brain:

1. 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.
2. hypothalamus sends hormones to the pituitary gland to control its release of

hormones to other endocrine glands. It also releases hormones that control body
temperature, growth, sex drive, thirst, hunger and sensations of 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.

3. pineal gland produces the hormone melatonin, which controls body rhythms

such as waking and sleeping.

endocri

ne glands organs that

produce hormones, which are
released into the bloodstream

pituitary gland a small gland at
the base of the brain that releases

hormones

pineal gland gland that produces

the hormone melatonin, which
can make you feel drowsy
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2.6.3 Keeping balance

Keeping warm

Negative feedback, which was introduced in subtopic 2.2, 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.

1. The decrease in body temperature acts as the stimulus, which is detected by
thermoreceptors in your body.
2. This message is taken to the hypothalamus, which activates warming
mechanisms.
3. One of these mechanisms involves the thyroid gland. It responds by
secreting the hormone thyroxine, which increases the metabolic rate of cells, thyroi
3 yroid gland a small gland
releasing heat to warm you. in the neck that helps regulate
4. Raising body temperature reduces the need for the hypothalamus to direct metabolism and growth
the thyroid gland to secrete thyroxine.

Negative feedback is used by the endocrine system to regulate body temperature and is referred to as
thermoregulation (figure 2.45). This process also involves the nervous system, as discussed in section 2.2.5.

FIGURE 2.45 Negative feedback loop of thermoregulation

Stimulus ENU Control centre Etfector Response
Decrease in P Hypothalamus Thyroxine released and

Thermoreceptors in brain Thyroid gland increases cells’ metabolic
rate

body temperature

. Increase in
U Negative feedback - - - ________ body temperature

Sweet control

Negative feedback is also used by your endocrine system to regulate blood glucose levels.
1. After you have eaten a lot of sugary food, your blood glucose levels increase.
2. This rise is detected by cells in your pancreas, which then secretes the hormone insulin.
3. Insulin travels in the bloodstream and specific target cells in your liver and muscles respond by increasing
the uptake of glucose into the cells and the conversion of glucose into glycogen, which is then stored.
4. The result is that blood glucose levels return to their ‘normal’ levels (figure 2.46).

FIGURE 2.46 Negative feedback loop of glucose regulation

Response

Stimulus Glucagon released and
) Receptor Control Effector ) 9
Decrease in blood triggers glycogen to
Chemoreceptors centre Pancreas .
glucose levels break down into

glucose

Negative feedback
. Stimulus of low blood glucose levels Increase in blood
is removed because blood glucose glucose levels

levels have returned to normal
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If a decrease in blood glucose levels is detected, the pancreas secretes the hormone
glucagon a hormone, produced

glucagon. This hormone also travels in the blood to the liver and muscle cells, but by the pancreas, which increases
in this case the response is that glycogen is broken down into glucose. Glucose is blood glucose levels
released into the blood, increasing blood glucose levels back to their ‘normal’ levels. luteinising hormone (LH)
. hormone produced by the anterior

Reprod uctive control pituitary gland that initiates

. . . L. ovulation, the production of
The endocrine system also plays a key role in controlling and coordinating human progesterone and corpus luteum
reproduction and development. development in females and in

the stimulation of production of

When a male reaches puberty, the endocrine system releases several hormones. testosterone in testes in males

.. e e . testosterone male sex hormone
1. The male’s pituitary gland secretes luteinising hormone (or LH).

2. LH acts on his testes to produce another hormone called testosterone. An increase in testosterone levels
causes sex organs to grow and testes to begin to produce sperm. Other secondary sex characteristics are
increased muscle development, changes in voice, muscle and hair growth and hormones.

FIGURE 2.47 a. The male reproductive system b. The internal structure of the testes c. An increase in the level of
ewbk-5117  testosterone during puberty triggers the testes to produce sperm cells.

int-3032 a | \ | o
‘. Ejaculatory /& spermatocyte
Urinary duct 5 Ureter ‘
\ bladder Seminal o
N\ eminal vesicle
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Prostate gland
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\

\ /’ i
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Jk‘///ik— Scrotum

Capsule of testis

Urethral opening ==
‘ Tubules
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When a female reaches puberty, the endocrine system releases different hormones.

follicle-stimulating hormone

1. The female pituitary gland secretes follicle-stimulating hormone (FSH). ) M EES T e

2. FSH then acts on ovaries to stimulate the follicles (structure in which the egg growth and reproductive
develops) to grow. processes of the body
3. A hormone called oestrogen is secreted from the ovaries (and the placenta follicles found in the ovary and

during pregnancy), which causes the thickening of the lining of the uterus to gggf in a single immature ovum

prepare it for a potential fertilised egg. nestrogen hommons secreted

4. Increased levels of oestrogen also stimulate the hypothalamus to produce more from the ovaries and the placenta
FSH and LH. with a variety of effects such as
inducing puberty changes and
thickening of the uterus lining
uterus the organ in which a baby
grows and develops
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5. Increasing levels of LH cause the follicle to swell. The mature follicle bulges
ovum female sex cells produced

on the surface of the ovary, ruptures, and the ovum (unfertilised egg cell) in the ovaries
is released from the ovary into the fallopian tube. This process is called ovulation the release of an ovum
ovulation. corpus luteum an endocrine

structure that is involved in the
production of progesterone

progesterone hormone produced
progesterone. in the ovaries that inhibits
7. Progesterone continues to prepare the uterine lining for pregnancy. ovulation and prepares the lining

8. If fertilisation does not occur, both the ovum and corpus luteum break of the uterus for pregnancy
down. This causes the progesterone levels to drop and hence the lining of the

6. Following ovulation, the empty follicle from which the egg was released
becomes a corpus luteum. This structure secretes another hormone called

fertilisation fusion of the male
sex cell (sperm) and the female

uterus (endometrium) to break down. Blood and uterine lining are discharged sex cell (ovum)
through the vagina in a process called menstruation. menstruation monthly discharge
9. When progesterone levels drop, the pituitary gland produces FSH and the of blood and other materials

from the uterus lining through

cycle begins again. These cyclic changes in the ovaries and lining of the the vagina (also known as period)

uterus as a result of changing hormone levels in the blood are called the
menstrual cycle.

FIGURE 2.48 The female reproductive system showing the release of an ovum
ewbk-5119

int-3032 Fallopian tube

Vv,
>4 NC O ¢
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Implantation

Lining of uterus Ovary

Cervix Vagina

SCIENCE AS A HUMAN ENDEAVOUR: Using hormones to control reproduction

Hormones can be harnessed to either increase or decrease fertility.
There are a number of issues that have been expressed about the
production, availability, uses and consequences of these hormones.

FIGURE: 2.49 Contraceptive pills
contain different levels of hormones.

Hormones are used as contraceptives for females. Traditionally in
pill form, they are now appearing in patches, gels, implants and
insertable vaginal rings. There is also a ‘morning-before’ pill, which
can be used as an emergency contraceptive. This pill works by
altering the ion content of the woman’s reproductive tract for about
36 hours. The changes that it produces make it more difficult for the
sperm to swim and hence less likely for them to reach the ovum to
fertilise it.

There are also plans to develop contraceptive drugs that target

hormone receptors rather than altering hormone levels. These new

contraceptives may work by tricking the egg into thinking that it is already fertilised so that it blocks sperm from
penetrating it. Other new contraceptives may involve the development of hormones that prevent the fertilised egg
from implanting in the uterus.

Scientists are working on developing male contraceptive pills. These are based on combination of androgen and
progesterone. Androgen blocks sperm development and progesterone blocks testosterone production. While
combinations of these hormones may be used to prevent fertility, there are possible side effects that need to be
considered. N
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In cases of abortion, an alternative to a surgery is the commercially produced hormone RU486 (Mifepristone).
RU486 can terminate an early pregnancy by blocking the action of progesterone. This causes the lining of the
uterus to break down so that the embryo is unable to implant into it. This pill is less invasive and has fewer side
effects than a surgical abortion and it enables termination at a much earlier stage. In Australia, doctors must be a
registered prescriber of RU486 to administer it to patients.

DISCUSSION

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

Resources

Video eLesson Methods of contraception (eles-0127)

eWorkbook The endocrine system (ewbk-5121)
assessm Additional automatically marked question sets

2.6 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,6,10, 14 2,5,7,11,12, 16 4,8,9, 13, 15

Remember and understand

1. Match the term with its description in the table provided.

a. Anti-diuretic hormone (ADH) A. Increases blood glucose levels

b. Glucagon B. Lowers blood glucose levels

c. Insulin C. Increases metabolic rate of cells

d. Oestrogen D. Causes testes to produce sperm

e. Progesterone E. Controls menstrual cycle and pregnancy
f. Testosterone F. Causes thickening of the uterine lining

g. Thyroxine G. Causes reabsorption of water in kidneys

2. ldentify and describe the three endocrine glands located in your brain.
3. What are hormones, where are they produced and how are they transported through the body?
4. Are all parts of the body affected by a particular hormone? Explain.
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5.

6.
7.

Label the endocrine system in the figure provided.

Hypothalamus L
Pituitary gland

Parathyroid glands

Adrenal glands

Identify two ways in which the actions of the endocrine system differ from the nervous system
Provide an example of negative feedback that includes the involvement of a hormone.

Apply and analyse

8.

10.
11.

12,

Distinguish between:

a. hormones and endocrine glands

b. menstruation and ovulation

c. endometrium and uterus

d. testes and sperm.

Describe the relationship between the:

a. 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.

How are hormones involved in the balance of water in your body?

a. Other than pills, in which forms can hormone-based female contraceptives be used?

b. Outline how these hormones can be used to prevent fertility.

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.

Evaluate and create

13.

Male and female fertility patterns are different. Find out the key differences and comment on how they
may affect the development and use of effective hormone-based contraceptives.
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14.

15.

16.

Complete the flow chart to link the High blood

listed terms. glucose
® Glucagon :
® |nsulin !
! . Decreases
® Pancreas ! v D
Y e P Stored as
® Glycogen
® Glucose Reeases -

Broken

down into
Increases

Low blood
glucose

m A synthetic chemical called pyrethrin is increasingly being used in sheep dip. Sheep dipping

involves placing sheep in a liquid that acts to remove and protect against external parasites from

sheep. It breaks down within a few days, but during that time it can kill many types of invertebrates

in the waterways.

a. Why are sheep dipped?

b. How could sheep dip reach waterways?

c. Suggest implications for the deaths of invertebrates on other organisms.

m Ovulation occurs when the mature follicle ruptures on the surface of the ovary and the ovum is

released. Use the graphs provided here to answer the following questions.

a. Which hormone in the graph is at the highest level just prior to ovulation?

b. When is ovulation likely to occur?

c. When is progesterone at its highest levels?

d. At what stage in the cycle is the endometrium the thickest?

e. Describe the changes in the concentrations of each of the hormones throughout the menstrual
cycle.

f. Research the changes in the levels of FSH (follicle stimulating hormone) and LH (luteinising
hormone) throughout the menstrual cycle.

== Blood levels

=== Blood levels
of FSH

FSH from anterior LH from anterior pituitary causes |
pituitary causes size of follicle to increase and egg
follicles to grow is released
c00 © -‘ Q.Qﬂﬂa
Growth of follicle . released
Growing follicles produce Corpus luteum also
oestrogen. produces progesterone.

#= Blood levels of
oestrogen

W Blood levels of
progesterone

Oestrogen causes Progesterone prepares
lining of uterus lining of uterus for
to thicken. pregnancy.

1433
'éﬁ 771“‘%‘\ mw\’\fﬂ &im i! 9&

Lining of uterus breaks

Day 0 14 20 25 28

Menstruahon Formatlon of folllcles ‘ Secretion by corpus luteum

MENSTRUAL CYCLE

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

LEARNING INTENTION

At the end of this subtopic you will be able to explain how and why plants utilise their own hormones for various
functions and how plant hormones can be manipulated by humans and technology.

2.7.1 How plants use hormones

Have you ever watched a plant move? They do, and most gracefully too. If you watch plants over a length
of time, or using time-lapse photography, you can see how they move with the Sun and the Moon. These
movements may be choreographed by hormones or by their internal biological clocks.

Although they are multicellular organisms, plants do not have a nervous system. However, like animals, they
do have hormones. Plant hormones coordinate the way plants grow, develop and respond to their internal and
external environments. Plant hormones are mainly produced in the growing tips of roots and shoots, in buds
and in developing fruits. Only very small quantities are needed for an effect. The same hormone may produce
different responses in different parts of the plant.

Plant hormones are generally divided into five main types:

e auxins — promote stem growth,

cell expansion and repair. They are
transported from the stem tip to the

FIGURE 2.50 Auxins cause plants to grow towards the light.

2 A
. y Equal Increased
\ A
roots controlling the overall shape SaL b slorGation alorigation 3 b
of the plant (figure 2.50). THTHE] 7 3
e cytokinins — involved in cell b 7 Py

division, the making of new plant
organs and for repair. They are
produced in the roots and travel up
the stem through the xylem.

e gibberellins — play a major role
in plant growth and development,
for example in signalling fruiting to
commence. Works alongside auxins in the plant and are produced in the
plastids of a plant cell.

e abscisic acid — alerts the plant that it needs water and closes the guard cells
to reduce water loss. It travels both up and down a plant cell.

e ethylene — affects the ripening and rotting in plants affecting fruit, and the
lowering and dropping of leaves. It exists as a gas and is produced in all parts
of the plant, diffusing through the plant tissue to the outside.

Shoot bends
towards light.

Auxin moves to
shaded side.

Shoot grows
straight.

auxin plant hormone that
regulates or modifies the growth
of plants such as promoting stem
growth, cell expansion and repair
cytokinin hormone that promotes
cell division in plants

gibberellin plant hormone that
regulates growth, including
germination and dormancy
abscisic acid a plant hormone
that is involved in the process of
development

ethylene gaseous plant hormone
involved in the ripening of fruits
and the lowering and dropping
(abscission) of leaves

In some cases, a number of these hormones work together to produce a response.
Figure 2.51 shows where these plant hormones are produced and what their
effects are.
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FIGURE 2.51 Plant hormones and their roles

Cell reproduction below
the shoot tip is controlled
by gibberellin.

Auxin and gibberellin
produced in young leaves
and buds move to the stem
to control stem growth.

Cytokinin keeps shoot and
root growth in balance.

Abscisic acid made in the leaf
closes stomata and reduces
water loss.

Ethylene ripens
mature fruits.

Ethylene and abscisic acid

made in old leaves promotes
the development of a zone (the
abscission zone) where the leaf
will break off.

Cytokinin made

in young fruit

stimulates their
growth.

: Auxin moves down
’ towards the root tip.

Gibberellin and cytokinin
move up to the shoot and
leaves.

Auxin and gibberellin
promote the formation
of woody tissues.

Gibberellin and cytokinin
‘are made in the roots.

A factor made in the root tip |
controls the root’s downward T f

growth.

DISCUSSION

It takes just one bad apple to spoil the whole bagful. Comment on the validity of this statement with reference to
plant hormones.

m Resources

(@ Video eLesson Circadian rhythm (eles-2637)
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2.7.2 Plant biological clocks

Like us, plants have internal biological clocks and may
have different patterns of movement in a 24-hour cycle.
The leaves of some plants, for example, may be horizontal
during the day and then drop into a ‘sleeping’ position

at night. If you were to place these plants in 24 hours of
daylight or darkness, they would continue their ‘sleeping’
movements because the sleep pattern of these plants is
internally controlled. Such a 24-hour cycle is referred to
as a circadian rhythm or cycle. The opening and closing
of flowers is another example of a plant’s activities that
involves a circadian rhythm. Unlike a plant’s movement
towards light, these kinds of movements are independent of
the direction of the stimulus.

FIGURE 2.52 Getting into circadian rhythm: a
flower performs its daily dance.

The timing of flowering of many plants is controlled by the
length of uninterrupted darkness.
¢ Long-day plants flower only when the number of
daylight hours is over a certain critical minimum
(or when darkness is less than a critical value).
Gladioli, cabbage and hibiscus are long-day plants.

circadian rhythm the 24-hour

e Short-day plants flower only when exposed to daylight that is under a certain pattern of behaviour exhibited
maximum number of hours. Daffodils, rice and chrysanthemums are in animals and plants even
Short—day plants. if deprived of environmental

changes

e Day-neutral plants, such as potatoes and tomatoes, do not depend on day length
to flower.

Different plants flower in response to different day and night lengths.

FIGURE 2.53 a. The poinsettia (Euphorbia pulcherrima) is a short-day flower
and flowers only when the day length becomes less than 12.5 hours. b. The
hibiscus (Hibiscus spp.) is a long-day plant and flowers only when the day
length becomes greater than 12 hours.

a. Short-day plant: Poinsettia b. Long-day plant: Hibiscus

Critical day length Critical day length
12.5 hours or less 12 hours or longer

Y

|o
=
|0|o|
= =

~—— 24 hours ———> ~— 24hours ———>
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TABLE 2.6 Some examples of short-day, long-day and day-neutral plants

Short-day | Long-day | Day-neutral

Rice (Oryza sativa) Wheat (Triticum aestivum) Corn (Zea mays)

Chrysanthemum (Chrysanthemum spp.) | Cabbage (Brassica oleracea) | Potato (Solanum tuberosum)
Poinsettia (Euphorbia pulcherrima) Hibiscus (Hibiscus syriacus) Rhododendron (Rhododendron spp.)
Violet (Viola papilionacea) Spinach (Spinacea oleracea) | Tomato (Lycopersicon esculentum)
DISCUSSION

The amount of daylight changes with the seasons. Why do you think some flowers bloom in spring?

SCIENCE AS A HUMAN ENDEAVOUR: Weed killers

Some selective weed killers that use plant hormones work on particular
plants but not others. A type of weed called a dandelion is a common
problem in lawns. It produces a familiar yellow flower that turns into a
large puffball containing small seeds attached to a feathery umbrella-
shaped structure, which helps the plant to disperse its seeds on the wind.
Lawns containing the dandelions can be sprayed with selective weed
killer without killing the grass. The selective weed killer contains a growth
hormone that causes the weeds to grow too quickly. They then use their
own resources rapidly and die. The weed killer is absorbed by the weeds
in larger quantities than grass.

FIGURE 2.54 Dandelions are
actually types of weeds.

EXTENSION: Linking ABA to saving our precious water resources

While virtually all of Australia’s horticultural crops are grown using some
form of irrigation to supplement rainfall, crops grown under cover are
entirely dependent on irrigation. Water for irrigation is becoming an
increasingly scarce and expensive commodity. It is therefore vital that

we understand the ways that plants use this water so that we can optimise
its use and improve economic returns to farmers.

FIGURE 2.55 Dr Loveys
investigated the role of the
plant hormone abscisic acid in
the regulation of water use in
grapevines.

Nearly all of the water used by plants passes through pores on the leaf
surface called stomata. This causes plants a dilemma. How can they keep
their stomata open to obtain carbon dioxide for photosynthesis, while at the
same time restrict excessive water loss through them? The answer lies in a
surprisingly complex set of control mechanisms.

Right at the heart of the control mechanisms is the plant hormone abscisic
acid (ABA). ABA induces stomatal closure and if it is not present plants very
quickly die from excessive water loss. Understanding how plants control
the amounts of ABA in roots and leaves has therefore been a research
priority for scientists over the last few decades.

It has been necessary to develop sensitive methods for measuring

ABA because, like most hormones, it is present only at very low
concentrations. Using these methods we have been able to show that

the ABA concentration in roots responds very quickly to reductions in the
amount of water in the soil and that this additional ABA is transported to the
leaf to signal stomatal closure.
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Dr Loveys said, ‘Our scientific team has also used the latest molecular techniques to identify the genes
responsible for ABA synthesis and breakdown. Knowledge about the complex ways that the environment
interacts with the genetic makeup of the plant to control ABA synthesis and breakdown is allowing us to devise
novel irrigation techniques to optimise these mechanisms and improve the efficiency of water use.

‘In addition to providing information that is useful to farmers, the research has significantly increased our body of
knowledge about how all plants function and, furthermore, has been a lot of fun.’

INVESTIGATION 2.5

elog-0635

The effect of a commercial rooting powder on cutting development
Aim
To investigate the effect of a commercial rooting powder on the development of plant cuttings

Materials

® 10 cuttings (daisies and geraniums work well, but so will lavender and rosemary — they’ll just take a
little longer)

e 2 x 12-centimetre flowerpots or tubs

® a micro test tube of rooting powder

® potting mix

® 2 labels

Method

1. Trim the lower leaves off all ten cuttings.
2. Fill the flowerpots with soil and label one Control and the other Test.
3. Plant five cuttings in the Control pot and water them.

4. Dip the other five cuttings in the rooting powder, plant them in the Test pot and water them.
5. Place them in a warm position and keep the pots watered equally.

After one week:
6. Dig one cutting up from each pot and compare their root growth.
7. Continue doing this for the next four weeks, adding observations to your table as you go.

Results

1. Construct a table to summarise your data.
2. At one week, two weeks, three weeks and four week: Sketch the features of plants from each pot.

Discussion

Identify the pot in which the plants grew the best.

Identify which pot contained the plants with the most developed roots.

Suggest the plant hormone that you think may be present in the rooting powder.
Discuss reasons horticulturalists use rooting powders.

Suggest improvements to the design of this experiment.

L o
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elog-0637

6. Suggest a hypothesis that could be investigated using similar equipment. (You may use internet
research to identify relevant problems to investigate.)

7. Design an investigation to test your hypothesis. Include an explanation for your choice and treatment of
variables.

Conclusion

What can you conclude about the effect of commercial rooting powder on cutting development? Remember to
refer to both your control and your test.

INVESTIGATION 2.6

Plant responses to hormones
Aim
To investigate the effects of plant hormones

Materials
® 2 pieces of holly ® 2 small bottles of water
® asmall apple ® 2 x 1L beakers or large jars
e plasticine ® tray or board
® |abels
Method

1. Select two pieces of holly that are similar (size, age, number of leaves).
2. Set up the experiment as shown in the diagram and leave for 24 hours. Use the plasticine to cover the
pouring lip of the beaker. Label each beaker with your name and date.

Results

Observe and record the holly in the two beakers every 24 hours until there are some obvious differences between
them. Construct a table to record your observations.

Discussion

What differences did you observe in the two beakers over the period of the experiment?

What do you think might have caused these differences?

Why was it important to select twigs of holly that were similar?

What do you think is responsible for the different responses?

Construct a hypothesis that relates to this investigation.

Identify strengths and limitations of the investigation and suggest ways in which it could be improved.
Suggest a research question about plant hormones that could be investigated.

Design an investigation to further explore your research question.

ONOoO O RN

Conclusion
Write a clear conclusion for your investigation, explaining the effect of plant hormones.
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Resources

eWorkbook Different types of plant hormones (ebwk-5123)
assessm Additional automatically marked question sets

2.7 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,5,7 2,4,6,8 3,9,10

Remember and understand

1. If plants do not have a nervous system, what coordinates their life cycle?
2. Complete the following table.

TABLE Location and role of plant hormones

Plant hormone Location of production Role in plant
Auxin

Cell division

Plastids in plant cell

Abscisic acid

Ripening and rotting

3. Which two factors are thought to control the timing of flowering?
Apply and analyse

4. What is a circadian rhythm? Give an example.
5. Describe how hormones allow a plant to grow towards light.
6. Explain and provide examples of:
a. long-day plants b. short-day plants c. day-neutral plants.

Evaluate and create

7. m By knowing the effects of plant hormones, horticulturists are able to control the timing of the
flowering of plants and the ripening of fruits. Why do you think they do this?

8. Why would gardeners put bulbs of some kinds of plants, such as tulips, in a refrigerator for some
weeks before planting?

9. m Bananas are often picked green before they are shipped. These green bananas are often
artificially ripened. Explain the likely way they may be artificially ripened and why this artificial ripening
is used as a preference for picking already ripened bananas.

10. m Find out more about Australian research that involves plant hormones. In your report, identify the
hormone and its function and the reason for the research.

Fully worked solutions and sample responses are available in your digital formats.
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2.8 Emotions and the limbic system

LEARNING INTENTION

At the end of this subtopic you will be able to explain how the limbic system of the brain influences the emotions

humans feel.

2.8.1 Your emotional brain

Imagine a situation in which you have felt threatened. How did you feel? How did you react? Did you want to

run, or did you want to stay and fight?

Your emotions enable you to react to situations. They are caused by the effects of chemicals binding to receptor
sites on your cells, and they influence your behaviour. Our ancestors relied on their emotions to survive.
Sometimes there is no time to think about how to react to a situation. This is when your emotional brain can get

into the driver’s seat and take control. The six basic emotions that humans experience
are happiness, sadness, fear, disgust, anger and surprise.
Your ‘emotional brain’ or limbic system is made up of a collection of structures

within your brain. The limbic system is involved in memory, controlling emotions,
decision making, motivation and learning. These include parts of your thalamus,

hypothalamus, hippocampus and amygdala.

)
[\4 FIGURE 2.56 The limbic system in your brain
ewbk-5125

eles-2638

' Amygdala — has an important
role in emotions (especially fear), A
regulates ‘survival behaviour’ and
‘tagging’ emotional memories for |
long-term storage.

Hippocampus — a key role in consolidating
learning, converting information from working
memory to long-term storage and comparing
new information to previous experience

(which is essential in the creation of ‘meaning’).

116 Jacaranda Science Quest 9 Victorian Curriculum Second Edition

limbic system a collection of
structures within your brain
involved in memory, controlling
emotions, decision making,
motivation and learning
amygdala emotional centre of
the brain, which processes primal
feelings such as fear and rage.

Thalamus — all sensory
information coming in from

the outside (except smell) first
goes to the thalamus and then is
directed to other parts of the brain
for additional processing.

Hypothalamus — monitors
internal systems and controls
the release of hormones to
maintain the normal body state
(homeostasis).



2.8.2 Fight-or-flight response

Feeling angry? Is your heart racing; are your hands cold; do you have a sick feeling in your stomach? Anger can
be one of our most primitive emotions. It is certainly a powerful one. Uncontrolled anger can lead to physical
fights, arguments and self-harm. However, controlled anger can be a very useful emotion that can help motivate
you to make positive changes.

When you feel angry, your hypothalamus responds by sending messages to your
pituitary gland to instruct your adrenal glands to release adrenaline (also known , i
. . . situated near the kidneys that
as epinephrine). This hormone acts to: release adrenaline and other
e increase your heart rate stress hormones
e dilate your pupils adrenaline a hormone secreted

e constrict skin blood vessels i”}:?shponze_ to St"essfuc: S;im‘t‘:i’
. . Wwhich reaaqies your boay Tor the
¢ shut down digestion. fight-or-flight response

adrenal glands a pair of glands

This helps you to see any threats better and provides your muscles with more mirror neurons group of neurons
that activate when you perform

glucose and oxygen, just in case you need to face the danger and fight, or take .
R . R an action and when you see or

flight and escape it by running away. hear others performing the same
action

Recognising the threat empathy the capacity to

. L . . o recognise and to some extent
Your fight-or-flight response actually originates in your amygdala. It is this tiny share feelings that are being
part of your limbic system (about the size of your thumbnail) that decides the experienced by other people

emotional value of what is happening. It may sense a particular facial expression
or tone as being threatening, or it may detect an event that was previously
‘tagged’ as being a negative experience.

Long-term anger or stress

Staying angry, or long periods of stress, can damage another part of your limbic system called your
hippocampus. If the stress or anger lasts more than a few minutes, your adrenal glands also release cortisol.
Sustained high levels of this hormone can lead to the death of hippocampus neurons, which may result in
diminished learning, spatial recall and memory.

Recognising a false alarm

Your prefrontal cortex or thinking brain is also involved in assessing a threat and placing it in context. If your
thinking brain considers it to be a false alarm, it sends a message to your hypothalamus to trigger actions to
calm things down; it does this by sending out messages to decrease your stress hormone levels and their effects.

ACTIVITY: Feeling angry?

What if no-one ever got angry? Would this be a good thing? Imagine what the world would be like. Construct a
PMI chart about your imagined world.

2.8.3 How neurons and neurotransmitters control your mood
Empathy

Feel upset, or feel upset for someone else? Mirror neurons are a group of neurons that activate when you
perform an action and when you see or hear others performing the same action. Research is suggesting that these
neurons are important in being able to feel empathy towards other people. If this theory is further supported,
how could this connection increase the chances of the survival of our species?
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Mood chemistry

Neurotransmitters are chemicals involved in passing messages between your nerve
cells (refer back to 2.3.2). Within your brain there are many neurotransmitters comr )
hat infl h feel and . . d li Iso k neurotransmitter involved in
that in uence how you feel an react; serotonin, noradrenaline (also known producing states of relaxation
as norepinephrine) and dopamine are three examples. Imbalances of these and regulating sleep and moods
neurotransmitters can contribute to a variety of mental illnesses. noradrenaline also called
e Serotonin acts like the brakes on your emotions. It can produce a calming effect norepinephrine; common
dis i f L d d and feeli £ I neurotransmitter involved in
and is important for mamta.umng a good mood and feelings o contentment. It arousal states
also plays a role in regulating memory, appetite and body temperature. Low dopamine a neurotransmitter
levels of serotonin can produce insomnia, depression and aggressive behaviour involved in producing positive
and are also associated with obsessive—compulsive and eating disorders. moods and feelings.
e Noradrenaline can act like the accelerator. It can promote alertness, better focus
and concentration. Your brain also needs this chemical to form new memories and to transfer them to your
long-term storage.
e Dopamine is important for healthy assertiveness and autonomic nervous system function. Dopamine levels
can be depleted by stress or poor sleep. Too much alcohol, caffeine and sugar may also lead to reduced
dopamine activity in your brain. People with Parkinson’s disease have a diminished ability to synthesise
dopamine.

serotonin a common

DISCUSSION

* Do our hormones determine who we are and what we do, or can we have some conscious control
over this?
® Suggest how mirror neurons may increase the survival of our species.

SCIENCE AS A HUMAN ENDEAVOUR: Brain studies using MRI

Early brain research used dead or diseased brains. Advancements in scientific applications of technology have
enabled researchers to examine living brains. One such technology is magnetic resonance imaging (MRI), which
allows scientists to actually see which parts of the brain are active when various tasks are performed; these parts
‘light up’ with different colours to show brain activity.

FIGURE 2.57 MRI images show the responses of a person in pain (left) and a person
watching someone in pain, producing empathy (right).

Empathy
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EXTENSION: Emotions and learning

Are emotions gatekeepers to your intellect? Are emotions important to your learning too? If emotions are
important to your learning, are some emotions better than others? Can some emotions actually interfere with

your learning?

If this is the case your learning can be enriched if you are in a safe, caring and inviting climate for learning. If you
were to describe your ideal learning environment, what would it look like, feel like and sound like?

Feeling safe and taking risks

In a safe and caring environment,
learning by trial and error is very
effective. This means you feel
comfortable to ask questions and feel
safe enough to risk making mistakes

or getting something wrong. When

the learner experiences stress or feels
threatened, survival instincts can take
over. Chemicals are released that place
their body in a heightened alert phase,
to help prepare them for a possible
dangerous situation. If a learner is in this
stressed state it is difficult to use higher-
order thinking, and it can be difficult to
learn effectively.

While your hippocampus has an
important role in forming long-lasting
memories, your amygdala can act as a
memory filter, labelling information to
be remembered by tying it to events or

emotions that are experienced at the time.

FIGURE 2.58 Survival instincts often take over in high risk
situations.

When you are experiencing a time of stress, your survival instincts can take over. You produce chemicals that
place your body in a heightened alert phase, to help prepare you for a possible dangerous situation. When
you are in a stressed state it is difficult to use your higher-order thinking and you may find it difficult to learn

effectively.

Not all challenges and stresses are bad for learning. When the brain is faced with a challenging, intricate and
complex problem, all of its parts can be involved and attention, meaning and relevance for learning can result.

Resources

eWorkbook The body continuum (ewbk-5127)
assessm Additional automatically marked question sets
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2.8 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,4,8,12 2,5,7,9, 14 3,6,10, 11,13

Remember and understand

1. Name the six basic human emotions.
2. Match the term with the most appropriate description in the table provided.

Term Description

a. Amygdala A. Collection of structures within your brain involved in memory, controlling
emotions, decision-making, motivation and learning

b. Hippocampus B. Organ involved in sensory memory and ‘attention’

c. Limbic system C. Involved in converting information from working memory to long-term storage
and helping to make ‘meaning’ of new information by comparing it to previous
experience

d. Thalamus D. Plays a key role in emotions by regulating ‘survival behaviour’ and ‘tagging’

emotional memories for long-term storage

3. Describe the function of dopamine.
4. Outline the role of serotonin and discuss why this neurotransmitter is important.

Apply and analyse

Describe the relationship between the pituitary gland, the adrenal glands and adrenaline.

Outline the relationship between prolonged stress or anger, cortisol and learning.

Describe how your hypothalamus can be involved in controlling stress.

Explain how the release of adrenaline can increase your chances of survival.

a. Identify three neurotransmitters in your brain that can influence how you feel and react.

b. Describe the effects that each of these neurotransmitters can have on your behaviour.

10. Adrenaline is referred to as the fight-or-flight hormone.

a. Why is it known as this?

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

©e NG

Evaluate and create

11. m Can fears or phobias be unlearned? Find out more about research involving chemicals such as
glutamate to achieve this.

12. Find out about the connections between brain neurotransmitters, behaviour and one of following
medications: Prozac, Zoloft, Topamax, Provigil and Abilify.

13. Some convicted murderers may have killed in a ‘fit of rage’. Find out if there are any documented links
between committing murder and frontal lobe activity in the brain.

14. Have you seen a young child throw a tantrum? This is a case of not being able to control emotions.
Although the child’s amygdala is fully mature, the necessary links with the cortex are not yet fully
developed. Explain the link between different parts of the brain and their effects on the behaviour in
small children.

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

LEARNING INTENTION

At the end of this subtopic you will be able to explain how the memories are formed in the brain and strategies
we can use to improve our memories.

2.9.1 Making memories

If a friend gave you her phone number, how long could you remember it without writing it down? While
learning is about gaining new knowledge, memory is about retaining and then retrieving that learned
information. That is, for us to remember something, we have to be able to record the experience and store it in
an appropriate part of the brain. If we are unable to retrieve or pull out that information, we have forgotten it.

SCIENCE INQUIRY: Using a model to understand memory

Scientists construct models to communicate ideas. Models can be concrete (for example, a plastic model of the
brain) or symbolic (for example, a map or diagram). Models provide the opportunity for learners to bring previous
knowledge into their working memory. This helps learners to attach meaning to, and make sense of, their new
learning.

A model can be used to represent various stages in how information is processed by your brain. Figure 2.59 is
a simplified version of an information-processing model. While this model has many limitations, it provides a
framework that can be used to help you attach previous knowledge to new learning about the stages of memory.

FIGURE 2.59 Model of the various stages of how information is processed in your brain. Memories that are
immediate or working are lost if they are not moved to long-term memory.

1. The environment contains many stimuli

|

o

Sensory register ‘: |~ ouT 2 You.r sensory regstgr (thalamu§ and. RAS) filters the
: incoming information like a venetian blind.
\
. {?’9 3. Temporary short term storage of your immediate
< > out memory can be thought of a notebook.
%
%

N 4. You may use these ‘notebook’ memories your
Working memory - OUT  working memory. Think of these as the notebook being

stored on a work desk.
ACTIVE
PROCESSING

N

5. You will remember information only if you have stored it in
long-term storage (in the model as a filling cabinet).

Your hippocampus encodes memories and sends them to
one or more of the long-trem storage areas in your brain.
This encoding takes time and is usually done during deep
sleep.
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2.9.2 Making memories

You use your senses (for example, sight and hearing) to detect various stimuli in .

’ S o . o sensory register part of the
your environment. Incoming information is filtered, on the basis of its importance information processing model
to you, through a system called the sensory register (shown in figure 2.59 as venetian of the brain that involves filtering
blinds). The sensory register involves: [g=ehingliiorpation

e your thalamus (a part of the limbic system of your brain)
e reticular activating system (RAS) within your brain stem.

Immediate memory

Information that has made it past your thalamus moves to your immediate memory where a decision is made
about what to do with it (shown as a notebook in figure 2.59). Your past experience helps to determine its
importance.

An example of the length of time information will stay in this type of memory is when you temporarily
remember a phone number and ring it. After this time the information may be lost or, if considered important
enough, moved to your working memory.

Working memory

It is within your working memory that information generally captures your focus and demands attention (shown
as a work desk in figure 2.59). There is a limited capacity (amount of information dealt with) and time limit for
this type of memory. This can often be associated as short-term memory

Research suggests that this capacity changes with age. Between the ages of 5 and 14 years there is a range

of about 3-5 ‘chunks’ that can be dealt with at one time; after this age it increases to about 5—7 chunks. This
limited capacity is one of the reasons why you need to memorise songs, poems or other information in stages.
By memorising a few lines at a time and repeating them (or rehearsing them) you are able to increase the
number of items in your working memory. This is an example of chunking.

Studies have suggested that the time limit in working memory is about 10-20 minutes. This is often the amount
of time you can spend on one activity. However, this time, can be influenced by interest and motivation. Both of
these can have emotional elements and also involve a special part of your brain called the amygdala.

Long-term memory

You will remember information only if you have stored it in long-term storage (shown in figure 2.59 as a filing
cabinet). It is the job of your hippocampus to encode it and send it to one or more of the long-term storage areas
in your brain. This encoding takes time and is usually done during deep sleep.

Memories are not stored as a whole or in one place. When you retrieve and reconstruct memories, storage
areas distributed throughout your brain are activated. It is currently thought that memories exist as patterns of
connections at the synapses between the brain’s neurons. To store a particular memory, nerve signals travel
along a specific pathway through certain synapses. Each time this memory is remembered, nerve signals are
reactivated to again travel along this pathway.

Your long-term memory relates to the dynamic process of sorting and retrieving the information.

ACTIVITY: Short-term memory

Get a pencil and paper and then concentrate on the number below for 7 seconds. After 7 seconds, look away
and write the number down. Did you get it right? Compare with others in your class.

5167340
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Now repeat the procedure again with the number below. Did you get it right? Compare with others in your class.
Did you get the same results for each number? Discuss your results with your team. Suggest a reason for any

differences between results.

3847918362

2.9.3 Remember to learn

Your past experiences influence new learning. What you already know acts as a filter to help you focus on things
that have meaning and ignore those that don’t. Your self-concept (how you see yourself in the world) is also
shaped by your past experiences. It is your self-concept that often determines how much attention you will give

to new information.

You can transfer things from your short-term memory into your long-
term memory by rehearsing information (practising) and applying
meaning to it. The two key questions asked in the decision of whether
to move information into long-term memory are:

e does it make sense?

e does it have meaning?

I don’t understand! This is the type of comment made when a
learner is having trouble making sense of new learning. Determining
whether new information ‘makes sense’ is related to whether the new
information fits in with what you already know.

Why do I have to know this? Whether the new information ‘has
meaning’ relates to whether it is relevant to you and whether you

TABLE 2.7 If both sense and
meaning are present, there

is a very high chance that

the information will be sent to
long-term storage.

Is sense present?

No Yes

i Moderate to
> high

Very low Moderate
to high

Very high

Is meaning

consider that the purpose of remembering it is worthwhile. You can improve the chance that you remember
something by making connections between the new learning and your previous knowledge.

CASE STUDY: Tips for learning and remembering

There are keys that you can use to unlock your memory doors. Seven of these are
primacy, recency, repetition, standing out, association, chunking and visuals.

Primacy and recency

When you read a book or see a movie you will usually remember the beginning and
the ending. Primacy is about recalling and remembering the first time that you do

primacy remembering the first
time that you do something, or
the beginning of something
recency remembering the last
time that you do something, or
the end of something

something. Recency is the opposite. It is remembering the last time or the ending.

Repetition

FIGURE 2.60 Repetition is important to help move

Repetition, or regularly reviewing information, is content from short-term to long-term memory

needed to reactivate your stored memory and
prevent it from being buried under layers of other Shngésn_a E@‘.m
information. Research suggests that you can THi5 morAing.
achieve about 90 per cent recall if you review -Yes{erdauw.
content within 24 hours. This drops to 30 per cent @w
if you review after 72 hours (3 days). Repetition

can be achieved visually, by reading, playing

games with the new information, highlighting or
using visual thinking tools.

Standing out

Think about a lesson that you remember well.
What made it more memorable than other
lessons? Was it fun? Was there something
different or new about the experience? Did you

Long-ger
memery:
Last year
o (- wehbirgdey.
\(+ £000 olgmpics,

~ (onnecting
Uou Tow.
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use mnemonics or analogies? A mnemonic is a technique that helps you remember something. This may involve
telling a tale (using key terms within a story), linking (linking terms and images) or using acronyms (using the first
letters of words; for example, SPEWS). Some of these ideas are very effective because they overlap with other
memory keys. All of these things can help content stand out and make it easier for you to remember it.

Association

If new knowledge is linked to previous knowledge your recall is greatly enhanced. This is called learning by
association. It helps you to anchor the information in time and space. Using real-life examples or metaphors can

assist in this, as can the use of smell, music and colour.

Chunking

You don’t have to learn everything all at once. The short-term memory of teenagers can usually contain only
five (plus or minus two) bits of information at once. By organising information into small chunks, it is easier to

remember it.

Visuals

Reading text in colour can help you to use both sides of your brain. The same can be said for a dramatic acting

out; for example, performing the story of how blood flows through your body.

ACTIVITY: Mnemonics

Create a mnemonic to help you remember the seven tips of learning and remembering.

2.9.4 Forming and blocking memories

Memory formation

A key neurotransmitter involved in learning and memory formation is acetylcholine.

This neurotransmitter is released in the brain during learning. Acetylcholine is
involved in the strengthening of connections between neurons in the brain and hence
in the formation of new memories. Consequently, drugs that boost the amount of
acetylcholine release are used as a treatment for diseases such as Alzheimer’s, that
impair cognition.

acetylcholine produced in
vesicles in a neuron, this
neurotransmitter is released on
the arrival of a nervous impulse
to travel across the synapse (gap
between neurons) to stimulate an
impulse in another neuron

SCIENCE AS A HUMAN ENDEAVOUR: Memory blockers

Scientists are working on drugs to improve or even erase memory. Drugs that can enhance learning are being
sought as an easy way to do well in tests and exams. However, there are disadvantages and advantages to drugs

designed to block memories.

Current research includes studies on drugs that specifically block or erase problem memories at the molecular
level. While this can be a great advantage to those who suffer post-traumatic stress disorder (PTSD), there are

concerns that other memories could also be erased.

Researchers are exploring the possibility of using chemicals called beta-blockers, cortisol and hydrocortisone to
alter our memory processes. Beta-blockers can bind to the receptors on the cell surface that would usually bind
to adrenaline and noradrenaline. By blocking these hormones, beta-blockers may stop the hormones’ stressful

effects and prevent deep memory formation.

While all this research is exciting and innovative, what are the ethical considerations? Who controls which
memories are to be erased and when? What do bad memories have to do with our consciences and our
perceptions of right and wrong? Will there be global rules and regulations? If so, who will write them and make

sure that they are maintained?
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Stressful memories down deep

Your hippocampus and amygdala are also involved in emotional responses to an experience or memory. When
your sense organs pick up a stimulus it goes to your thalamus and is then dispatched to your amygdala to assess
its emotional quality. If it is recognised as potentially threatening, it triggers your body to release adrenaline
and noradrenaline to set you up for fight or flight. The hippocampus then processes the memory and imprints

it deeper than it would other memories. This will allow you to be primed quickly for action if it occurs again.

In this way, memories of traumatic or highly emotional events are burned into your brain more deeply and are
remembered for longer. While in evolutionary terms this may have increased our chances of survival, traumatic
events can result in PTSD.

Resources

Weblink Memory, attention and distraction

assess[]]] additional automatically marked question sets

2.9 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,4,6 2,5,8 3,7,9,10

Remember and understand

1. Describe the process of chunking and state what part of memory this is associated with.

2. How can you transfer short-term memory into long-term memory?

3. Outline the importance of acetylcholine in the formation of memory.

4. Name the part of the brain that transfers information from short-term memory to long-term memory.

Apply and analyse

5. List the different memory systems and write a brief description of each in your own words.

6. The colour red is directly stored in your long-term memory. List examples of vehicles, signs and
symbols that have applied this knowledge. Suggest why your brain processes the colour red in
this way.

7. Suggest the advantage of traumatic or emotionally charged events being remembered more deeply.

Evaluate and create

8. Describe each of the strategies used to help with memory, providing an example for each.
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9. Mind maps are excellent tools to help you with your memory. An example of a mind map is shown.

Create a mind map to summarise the different memory systems (such as long-term memory).

10. m Carefully observe the information-processing memory model shown.
a. ldentify strengths and limitations of this model in its communication of how memories are formed.
b. Suggest improvements to this model.
c. Identify the similarities and differences between this model and figure 2.59.
d. Which model best helps you understand the concepts related to memory? Why?
e. Explain why scientists used models to communicate their understanding of our brain’s functions.

Millisecond
Sounds
L:Ud’ EOﬂc,i Rehearsal
; Processing Processing
Environmental Heari Short-term Long-term This becomes
stimuli earing store memory memory prior knowledge.
Sight Minutes Days, months
years
Information you Information is either
do not attend to passed on to
is forgotten. long-term memory
or forgotten.

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

LEARNING INTENTION

At the end of this subtopic you will be able to describe how the brain regulates sleep and what happens in the
brain before and during sleep.

2.10.1 How your brain regulates sleep

Are you a night owl or an early bird? Do you get sleepy during the day or find it hard to wake up in the
mornings?

The reticular formation is a network of fibres and cell bodies is located in the central core of your brain stem
(medulla oblongata) and extends through other areas of your brain. It can be considered a network of neurons
that opens and closes to increase or decrease the amount of information that flows into and out of your brain. It
helps regulate your alertness (from being fully awake or deeply asleep), motivation, movement and some of your
reflexes.

Circadian rhythm

It is not only plants that have a circadian cycle (refer back to 2.7.2). Animals,

including humans, also have their own biological clocks. Your circadian rhythm is suprachiasmatic nucleus (SCN)

the biological clock, located in

the regular pattern of mental and physical changes that happen to you throughout the hypothalamus near where the

a 24-hour time period. This clock is really a pair of pin-sized structures made up optic nerves cross

of about 20 000 neurons called your suprachiasmatic nucleus (SCN), which is melatonin hormone produced by

located in your hypothalamus, near where your optic nerves cross. tTe pineal gland that is involved in
sleepiness

Light and hormones

Why do you often get drowsy when it is dark and

wake up when it is light? The answer lies in your
nervous system and levels of chemicals in your brain.
Photoreceptors in the retina of your eye detect light

and create signals that travel along your optic nerve to
your SCN. Your SCN then sends signals to a number of
different parts of your brain.

FIGURE 2.61 The blue light emitted by digital
devices prevents the production of melatonin.

In the evening, the signal that light is decreasing travels
from your SCN to your pineal gland, which then
produces a hormone called melatonin. Increased levels
of melatonin in the evening tell your body that it’s time to
sleep and you begin to feel drowsy. During adolescence,
these levels peak later in the day, which may explain why
you get tired later at night and want to sleep in the next
morning. However, the blue light emitted by mobile phone screens, tablets and
televisions slow or prevent the production of melatonin, making it harder to fall
asleep and stay asleep.
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FIGURE 2.62 How the different components in your brain are involved in sleep

Pineal gland:
Produces sleep-
inducing melatonin

Cerebellum

Spinal cord

Neurotransmitters

Neurotransmitters can also control
whether you are asleep or awake
by acting on particular groups

of neurons in your brain. The
neurotransmitters serotonin and
norepinephrine keep some parts

of your brain active while you are
awake. During sleep, the production
of these neurotransmitters is
switched off. As these chemicals
are involved in logical and
consequential thinking, your
judgement of time and location can
become distorted.

Some foods and medicines can
change the balance of your
neurotransmitters and affect how
alert or drowsy you are and also how
well you sleep. Drinks or foods that
contain caffeine stimulate some parts
of your brain and can cause insomnia
(inability to sleep).

Neurons involved in controlling sleep

also interact closely with your immune
system. Infectious diseases like the flu
can make you feel sleepy. This may be

Thalamus:
REM signal is sent by your pons to your
thalamus then to the cerebral cortex.

Hypothalamus:
Location of suprachiasmatic
nucleus (SCN)

(Photoreceptors:

Located in retina of eye; detect
light and send signals along the
eptic nerve to the SCN

p
Pons:

Regulates sleep, arousal and breathing,
\coordinates some muscle movements

Brain stem (medulla obIongataD

FIGURE 2.63 Some examples of ways in which you can improve the

quality of your sleep

Go to bed
only when you
are tired
Keep work
out of your
bed room

Keep your bed
room dark

Ways to
improve your
sleep

Eat
carbohydrate
meal in the
evening

Avoid
smoking

Wake up at the
same time
each day

because of the powerful sleep-inducing chemicals of our immune system called
cytokines. Sleep may also help you to conserve energy and other resources that the

immune system may need.
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Strick to a
regular sleep
routine

Take part in
regular
exercise

Avoid drinking
caffeine with in
six hours of
going to bed

Avoid drinking
alcohol

cytokines signalling molecules
that regulate the function between
cells of the immune system



2.10.2 Sleep cycles

During the night, your body experiences sleep cycles lasting 90-110 minutes, with periods of REM (rapid eye
movement) and non-REM sleep. You might have three to five sleep cycles each night.

Stages of non-REM sleep

There are four stages of non-REM sleep, and about 75 per cent of your night’s sleep is spent in non-REM sleep.
e Stage 1 — lasts for about 5 per cent of your sleep and is a transition period from wakefulness to sleep.
During this stage, your muscles may contract and you may feel ‘jumps’ or ‘twinges’ in your legs.
e Stage 2 — lasts for about 45 per cent of an average night’s sleep. In this stage, your brainwaves become

larger and eye movements cease.

e Stages 3 and 4 — (stage 3 accounts for about 12 per cent and stage 4 accounts for about 13 per cent of non-
REM sleep) your brain will show delta wave activity. You will be in a deep sleep and be difficult to arouse.

REM sleep

Your REM sleep is your dream time, and usually
makes up about 20-25 per cent of the night’s
sleep. In REM sleep, your breathing becomes
more rapid, irregular and shallow and your eyes
flick in different directions. Your first REM sleep
each night lasts about 70-90 minutes. If you are
woken during REM sleep, you can often describe
your dreams.

REM sleep is triggered by the pons in your brain.
Your pons also shut off neurons in your spinal cord
to temporarily paralyse your limbs so that you
don’t act out your dreams. The REM sleep signal
is sent by your pons to your thalamus, then to the
cerebral cortex.

Heavy smokers may have reduced amounts of
REM sleep and sleep lightly. Although alcohol can
help you to fall into a light sleep, it also reduces
REM and deep restorative stages of sleep.

FIGURE 2.64 REM sleep is triggered by a structure in the
brain called the pons.

The main sEructures
thot make up Ghie

Porebrain are...

Sleep is important because during REM sleep the regions of your brain used in learning are stimulated. It is
thought that during sleep your brain consolidates and practises what has been learned during the day. This
suggests that learning continues to take place while you sleep.

Resources

Video eLesson During REM the eyes flick in different directions (eles-2640)

2.10.3 Catching brain waves

Your brain emits waves of electrical impulses at different frequencies when it

electroencephalogram (EEG) a

is engaged in different activities. These frequencies are measured in cycles per device that detects and records
second (cps) or hertz (Hz). Technologies such as an electroencephalogram the electrical activity of the brain
(EEG) can be used to measure the patterns of this electrical activity.
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Beta () waves (13-30 Hz) are the fastest waves with the shortest wavelength. When
your brain is emitting beta waves you are using many of your senses and are strongly
engaged. An example of this may be if you were involved in an active conversation
at a party or playing sport. This type of brainwave is associated with short-term
memory, alertness and concentration and is in very high levels if you are anxious
about something.

When your brain is emitting alpha () waves (8—12 Hz), it is likely that you are calm
and relaxed, but still aware of your environment. If you are involved in solving a
problem, reflecting on an experience or creatively visualising something, you may

be emitting this type of wave. When your brain is in this state you may be processing
information and activating your long-term memory.

When you are in a deep dreamless sleep, your brain will be emitting delta (5) waves.

beta () waves waves of
electrical impulses emitted by
your brain at a frequency of 13-30
Hz associated with being strongly
engaged and using many of your
senses, and perhaps with anxiety

alpha (a) waves waves of
electrical impulses emitted by
your brain at a frequency of 8-
12 Hz associated with being
calm, relaxed but aware of your
environment

delta (6) waves waves of
electrical impulses emitted by
your brain at a frequency of 1-
3 Hz associated with being in a
deep, dreamless sleep

FIGURE 2.65 Your brain emits electrical impulses at different frequencies when it is engaged in

different activities.

BETA 13-30 Hz

Awake, normal alert

CONSCIOUSNess

ALPHA 8-12 Hz

Relaxed, calm, lucid, not thinking

THETA 4-7 Hz

Deep relaxation and meditation,

al imagery

DELTA 1-3 Hz

Deep, dreamless sleep

DISCUSSION

An electroencephalograph (EEG) can be used to measure the overall patterns of electrical activity of your brain.
Using figure 2.65, what types of wave activity would you predict to have when you are asleep? Do you think your
brain waves are different when you are awake and relaxed compared to when you are awake and alert?

m Resources

assess[J]] additional automatically marked question sets
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2.10 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,4,6,8 3,5,9,10 2,7,11,12

Remember and understand

What is a circadian rhythm?

Where is your suprachiasmatic nucleus (SCN) located and what does it do?
How is light involved in whether or not you are sleepy?

What effect do increased levels of melatonin have on your body?

pPODd

Apply and analyse

5. What effect can the switching off of serotonin and norepinephrine have on you?

Do you spend more time in REM or non-REM sleep? In which one are you likely to dream?

7. If you don’t get enough sleep, you may be drowsy and unable to concentrate. Severe sleep
deprivation may result in hallucinations and mood swings. What are some other consequences of
sleep deprivation?

8. Which types of brainwaves are seen in deep, dreamless sleep?

9. Suggest why infectious diseases like the flu might make you feel sleepy.

o

Evaluate and create

10. m Consider the effect of light pollution in your bedroom. Describe an experiment you may conduct
to test this.

11. Investigate and report on one of the following sleep conditions: sleep apnoea, narcolepsy, restless leg
syndrome, talking in your sleep, sleepwalking, night terrors.

12. Y

a. Describe the pattern observed in the The changes in melatonin levels over

melatonin levels in the graph shown. an 18-hour period
b. Suggest an interpretation of the 80
observed pattern. © 704
c. Use other resources to find out more E 60
about melatonin and its effectsonyour ¢ € 504
body. § g 40 A
d. Suggest a link between light, melatonin 2 g 30
and the body’s resulting responses. = g 20 -
e. Suggest how melatonin levels may affect S 104
your learning. & 9 T T T T
f. Research seasonal affective disorder 2:00P.M. 8:00P.M.  2:00AM.  8:00AM.
(SAD) and determine a possible link to Time of day (hour)

melatonin levels.

Fully worked solutions and sample responses are available in your digital formats.
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2.11 The teen brain

LEARNING INTENTION

At the end of this subtopic you will be able to describe the changes that occur in the brain during adolescence.

As explored in earlier subtopics, there are many regions of the brain with a variety of different and vital
functions. Over time your brain develops and changes. These changes are occurring for you right now in
adolescence and will continue to do so as you age.

CASE STUDY: The teen brain

Growth spurts and pruning

FIGURE 2.66 There are thousands of
different neural pathways that can be
travelled in the brain.

Did you know that you had more neurons in your brain before
you were born? Most of your brain development occurs in two
stages: growth spurts and pruning. Throughout the first months
of your life, your brain grew rapidly, producing millions of brain
cells. A few months before you were born, there was dramatic
pruning of your brain cells to remove unnecessary cells.

Between the ages of about 6 and 11, neurons grow bushier
and make dozens of connections (synapses) to other neurons,
creating new pathways for nerve signals. This process peaks at
around ages 11-12.

Use it or lose it! Synapses are the connections between the
neurons where the message is passed from one neuron to the
next. The synapses that carry the most messages get stronger
and those that are not used much grow weaker.

Synaptic pruning is the elimination of the weakest connections between neurons in

the brain’s cortex (grey matter). During this adolescent pruning, up to 30 000 synapses synaptic pruning the elimination
may be eliminated each second. Only the connections that experience has shown to be a:;:feza:;::ssdezrzgoiilﬁiOns
useful are preserved. It is a bit like pruning a tree. The weaker branches are cut back to

) between neurons) in the brain
allow the other branches to flourish. during adolescence

Your brain uses synaptic pruning to consolidate your learning by pruning away
less-travelled connections.

FIGURE 2.67 Before adolescence thousands of new synapses grow, but during adolescence up to 30 000
synapses can be removed per second!
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Using technologies such as positron emission tomography (PET) scans and
fMRI (functional magnetic resonance imaging), scientists can observe growth positron emission tomography

spurts and losses, and map our brain’s activity while we are involved in a variety of (PET) a nuclear medicine imaging
experiences technigue employing gamma rays

’ to produce a 3D image of a body
or functional processes in the

Increasing the speed of nerve impulses
body

Your brain myelinates neurons involved in the busy connections so that they

become fixed as synaptic pathways. Myelination is the coating of the neurons in

a white material called myelin, which speeds up nerve impulses and therefore the speed at which messages are
delivered. This process increases in adolescence, decreasing the grey matter of the brain and increasing the
white matter. Does this suggest a link between increased cognitive (thinking) abilities and myelination?

Teenage brain development

It was once though that brains had finished their development by the end of childhood, but we now know that
adolescence is a very busy time for brain growth and change.
® The prefrontal cortex in the brain undergoes a growth spurt at about 11-12 years of age, followed by
a period of pruning and organisation of new neural connections. It is often referred to as the ‘area of
sober thought’, and is now thought not to reach full maturity until the age of around 25. The prefrontal
cortex is responsible for impulse control, planning, decision making, strategising and judgement.
® The basal ganglia act like a personal assistant to the prefrontal cortex, helping it to prioritise
information. They grow neural connections at about the same time as the prefrontal cortex, and
then prune them.
¢ Corpus callosum, the bundle of nerves that connects the left and right hemispheres of the brain,
is thought to also be involved in problem solving and creativity. During your teens, the nerve fibres
thicken and increase the effectiveness of information processing.
® The amygdala is the emotional centre of your brain. This is the brain’s area for primal feelings such
as fear and rage. Since a teenager’s prefrontal cortex may not yet have matured, they may use
their amygdala and associated gut instincts when making decisions. Teenagers also tend to rely
more on this part of the brain when processing emotional information, which may lead to impulsive
behaviour. Adults are more likely to rely on their more developed and rational prefrontal cortex, which
can balance out emotions and impulses from their amygdala.

Back-to-front brain development

Did you know that your brain develops
from bottom to top, from back to
front, and from right to left? The
development of your brain has been
‘programmed’ for the two tasks that Basal ; 2740 o
confront survival of the human race
(staying alive and getting into the gene
pool). In the first 10 years of life, you

FIGURE 2.68 Your brain develops from back to front.

Direction of brajn deve, Parietal lobe

ganglia

Prefrontal

learn the skills to stay alive. In the .
next 10 years, you learn how to be a cortex \ § Occipital
productive and reproductive human. 4 lobe
This wiring of your brain is essential to ~ Frontal
the survival of our species. lobe

Cerebellum

Temporal lobe Corpus callosum

Amygdala

11| Resources

assessm Additional automatically marked question sets
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2.11 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,6 3,4,7 5,8

Remember and understand

1. Between the ages of about 6-11, neurons grow bushier and make dozens of connections to other
neurons, creating new pathways for nerve signals. True or false?

2. [ Identify the name given to the connections between neurons where the message is passed from
one neuron to the next.
A. Axon B. Dendrite C. Myelin D. Synapse

3. I !dentify the part of the brain that acts like a personal assistant to the prefrontal cortex and helps it
to prioritise information.

A. Amygdala B. Basal ganglia C. Cerebellum D. Corpus callosum
4. I Identify the part of the brain associated with feelings of fear and rage.
A. Amygdala B. Basal ganglia C. Cerebellum D. Corpus callosum

Apply and analyse

5. Describe the process of synaptic pruning and outline why it is important.

6. Fill in the blanks to complete the following sentence:
Myelin the speed at which the can move though the neuron and hence the
speed at which the message is communicated.

Evaluate and create

7. |E8) Create a timeline outlining the changes in brain development from birth until you turn 20.

8. m In 2010, scientists observed fMRI images of participants involved in particular learning activities.
Their research results led them to hypothesise that risk-taking in adolescents may be due to over-
activity in the mesolimbic dopamine system of their brains. The neurotransmitter dopamine is known
to be important for motivation to seek rewards.

a. Suggest why an increase in dopamine may lead to increased thrill-seeking behaviour and
impulsiveness?

b. Research is still being conducted into this hypothesis. If it is supported, suggest what implications
this might have.

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

2.12 Damage to the nervous system

LEARNING INTENTION

At the end of this subtopic you should be able to explain some examples of technological and medical advances
in the study of neural diseases and damage.

2.12.1 Paralysis

Damage to the spinal cord of the nervous system may be the result of a disease or an accident or be congenital
(already present at birth). Whatever the cause, this type of damage can be devastating and debilitating.
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Although there is currently no cure for spinal injury, teams of scientists around the world are involved in
research that is aimed at improving the quality of life for those with this injury.

Paralysis and spinal injury

All of the nerves in your peripheral nervous system throughout your
body connect to your spinal cord. Damage to this cord can prevent . .

.. ) . Reeve raised awareness for spinal
communication .Of messages between your .bram and your body. This injury research.
loss of communication can lead to paralysis (loss of movement). —

FIGURE 2.69 Actor Christopher

Damage to different parts of the spinal cord results in different types
of paralysis. For example, if you were in an accident in which the
lower back section of your spine was completely crushed, messages
would not be able to travel between your legs and feet and your brain.
This loss of communication would mean that you would not be able
to sense pain, heat, cold or touch in these parts of your body. You
would also be unable to stand or walk as you would not be able to
control the muscles in your legs and feet.

Christopher Reeve, an actor who played Superman in the 1970s

and 80s, damaged his spinal cord in the neck region in a sporting
accident. The consequence was that he was paralysed below the neck
and required the use of a machine to breathe air into and out of his
lungs as he was unable to breathe for himself. In the years following
his accident he raised awareness of spinal injuries and increased
public and political interest in related research. He died in 2004 as

a result of complications from his paralysis.

Paralysis and disease

A number of diseases can also result in paralysis. One such condition is motor

neuron disease. Although the cause of this disease is still unknown, its effects are paralysis loss of the ability to

devastating. While the brain and the senses are usually unaffected, the person with move

the disease becomes increasingly paralysed. motor neuron disease a medical
condition that progressively

Motor neuron disease, as the name suggests, targets motor neurons and destroys motor neurons, resulting

in progressive paralysis but
leaving the brain and sense
organs unaffected

progressively destroys them. However, sensory neurons remain unaffected. This
means that a person paralysed with motor neuron disease could hear and see

a mosquito, feel it biting their arm, feel the itchiness, but be unable to move to
scratch it or talk to tell someone to scratch it for them.

People with motor neuron disease, such as Stephen Hawking (figure 2.70), sense their environment, but
increasingly cannot respond to it. This paralysis eventually involves all muscles within the body. Sadly, motor
neuron disease is fatal.

Stephen Hawking was an English theoretical physicist and cosmologist. He was diagnosed at the age of 21 with
motor neuron disease (MND). MND soon claimed his physical body and he was confined to a wheelchair but it
could never claim his intellect or wit. During his next 55 years he achieved extraordinary successes in the study
of the physical nature of the universe especially the theory of special relativity and quantum physics. He died

in 2018.

Former Melbourne football coach and Essendon player Neale Daniher also suffers from MND. Daniher lead the
way raising funds for research into treatment and cures through the Big Freeze at the *G for Fight MND. Other
challenges, such as the Ice Bucket challenge, raised funds for MND.
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FIGURE 2.70 Stephen FIGURE 2.71 The Big Freeze at the ‘G, started by Neale Daniher in
Hawking suffered from 2019
motor neuron disease.

Stem cells — A possible treatment?

Embryonic stem cells have many properties that
scientists find exciting. They can produce new
cells for longer than other cells, and under the
right conditions they can be made to differentiate
into particular cell types. Some current research is
investigating the injection of nerve cells produced
from embyronic stem cells into the site of spinal
injury. Although it is early days for this research, it
is hoped that it may lead to the recovery of muscle
function in some cases.

Although the possible applications of this research
are exciting, technologies involving the use of
human embryonic stem cells must undertake strict
bioethical procedures. The human embryos used
in this research are obtained from the surplus
embryos of couples undergoing IVF treatment.

FIGURE 2.72 The use of stem cells to treat (and possibly
even cure) a variety of diseases is being investigated.

In-vitro embryo Embryonic stem cell

Embryonic stem
cell removed

Cultured in
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Clump of embryonic

l stem cells
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Brain-control interface technology

Currently making an entrance into the mass market are games and toys that ,
. . . .. FIGURE 2.73 Brain-
utilise brain-control interface technology. In these applications, computer .

. , . . control interface
software in ‘mindsets’ are used to decode brain wave patterns and facial technology has many
movements to bring about particular responses in the external environment possible applications.
(for example, moving an object by just thinking about it).

Broader applications of this technology, such as implanted electrodes
and neural prostheses, are being researched and developed in order

to provide assistance to people with a variety of disabilities. There have
already been cases in which paralysed people have been able to move
their wheelchairs by just thinking about the movement, or those who
are unable to talk have been able to use their brain to result in their
thoughts being spoken aloud. Cochlear implants are also examples of
neural prostheses used to stimulate the auditory nerve in individuals
with hearing loss.

DISCUSSION brain-control interface

technology a direct
communication pathway between

How else might brain-control interface technology be used? What other
the brain and an external device

senses could be assisted using this technology? Could it be used to enable

us to experience senses that humans do not currently possess? implanted electrodes

technological devices that have a
number of medical applications,
such as their direct connection
to a human brain, with the aim of

Resources providing assistance to people
with a variety of disabilities
Weblinks Stem cells neural prostheses technological
Fight MND devices that can replace a motor,

sensory or cognitive structure
assessm Additional automatically marked question sets v ¢

2.12 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3 2,6,7 4,5,7

Remember and understand

1. Define the term paralysis.
2. Ouitline the properties that make stem cells interesting to researchers.
3. Outline the cause and symptoms of motor neuron disease.
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Apply and analyse

4. Describe evidence that suggests that stem cells may one day be used to restore some mobility after a
spinal injury.

5. Outline how brain-control interface technology can bring about body responses.

6. Describe an application of implanted electrodes or neural prostheses.

Evaluate and create

7. m Use the graph showing the causes of spinal injury to answer the following questions.
a. What are the two leading causes of spinal injury?
b. What percentage of spinal injuries are sports related? Suggest which sports might have the highest
risk of spinal injury.

Causes of spinal cord injury

B Motor vehicle accidents

- Unprotected road users (motorcyclists,
pedal cyclists, pedestrians)

M Low falls (on the same level, or from a
height of less than 1 metre)

|| High falls (from a height of 1 metre or more)
Struck by or collision with a person or object

I water-related

0 other

8. a. Explain why an injury in the neck region of the spinal cord may result in quadriplegia, whereas an
injury in the lower back region of the spinal cord may result in paraplegia.
b. Research treatment options that are being investigated for different types of spinal cord injury.

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

2.13 Studying the brain

LEARNING INTENTION

At the end of this subtopic you will be able to describe how different technologies can be used to create images
of the brain and how developments in neurotechnology have shown that brains and brain connections change
due to outside stimulus.

SCIENCE AS A HUMAN ENDEAVOUR: Your amazing brain

Your brain is amazing, mysterious and powerful. While you use it to formulate, ask and investigate questions,
sometimes these questions are about the brain itselfl What do you know about your brain? Why not open your
brain up to new ideas, new discoveries and new questions about brains?

Throughout history, humans have asked many questions about the human brain and there have been varied
theories about its structure and how it works. Some questions have been about how brain cells interact with each
other and what happens when the brain grows, ages or is damaged. Other questions relate to how it is involved
in our learning, experiences and emotions, or how it contributes to make us who we are. There have even been
investigations to design and construct artificial brains!
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Early research into brains

Frantz Joseph Gall, a German physician, developed the theory of phrenology in pseudoscience an apparently
1796. He believed the size, shape and bumps of a person’s skull determined their scientific approach to a theory
character and mental capacity. Popular between 1810 and 1840, phrenology is now that on close analysis is shown to

dismissed as a pseudoscience. However, some of its assumptions are still valid. have no scientific validity

The idea that mental processes can be localised in the brain is one such claim and
is supported by our modern neuroimaging techniques. The word phrenology comes
from the Greek terms phren, meaning ‘mind’, and /logos, meaning ‘knowledge’.

Guillaume-Benjamin-Amand Duchenne de Boulogne (1806-1875) was a French neurologist who greatly
advanced the science of muscular electrophysiology and electromyography. In 1835, he began experimenting

on therapeutic electropuncture — which involved applying an electric shock under the skin with sharp electrodes
to stimulate the muscles. This increased his understanding of the conductivity of neural pathways. Some refer

to Guillaume as the father of modern neurology and in recognition of his research (and discovery), Duchenne
muscular dystrophy is named after him.

FIGURE 2.74 Joseph Gall focused FIGURE 2.75 Duchenne and an

on phrenology, which also explored assistant give a demonstration of the

different divisions of the skull. mechanics of facial expression using
electropuncture.

Emerging brain science

Our interest in brains has given rise to a variety of new branches of science. Examples of these include
neurobiology, neuroscience, neurophysiology, neuropsychology and neuroanatomy. The frontiers of brain science
also require an integrated approach that combines approaches and technologies from various scientific fields.
Scientists in medical, biological, molecular biological, theoretical science, psychology, biophysics and various
computer technologies can all be involved in trying to find out more about particular aspects of our brains.
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Brain imaging
It is no wonder that some scientific terms are often referred to in an abbreviated form. This is especially the case
with some of the names of imaging technologies used to look at the structure and function of the brain.
° Computerised axial tomography (CAT) and magnetic resonance imaging
(MRI) produce computer images of the brain’s internal structure. computerised axial tomography
* Scanning technologies that provide information about brain function include: ECI;T) "=|‘ med'ca'l'mﬁg'”g
. . ; echnology employing x-rays
elec':trgencephalography (EEG); m?gnetoencephalography '(MEC.i), positron to produce a 3D image of a body
emission tomography (PET); functional magnetic resonance imaging (fMRI);

R i using computer processing
and functional magnetic resonance spectroscopy (fMRS). TG e e S

(MEG) a medical imaging
technique for mapping brain
activity by recording magnetic

A key advantage of these scanning technologies is that they can analyse the brain while
its owner is alive — and using it!

PET fields produced by electrical
currents occurring naturally in

PET was the first technology used to observe brain functions. It involves injection of the brain

a radioactive solution into the brain. The amount of radiation measured in particular functional magnetic resonance

regions indicates levels of activity in those parts at that time. spectroscopy (fMRS) a medical

imaging technique used to
measure levels of different
metabolites in body tissues

FIGURE 2.76 PET scans of people with normal brain activity participating in different tasks. Red indicates
the greatest level of brain activity, whereas blue indicates the brain areas that are least active.

(a) Listening to speech

(b) Listening to music (c) Resting

EEGs and MEGs

EEGs and MEGs involve the attachment of multiple electrodes to be the scalp and the measurement of either
electrical or magnetic activity occurring in the brain during mental processing. These technologies record
activation of groups of neurons responding to a specific event and help to determine how quickly this occurs
in the brain.

fMRI and fMRS FIGURE 2.77 MRI scan

Areas in your brain involved in thinking require more oxygen than the parts not of a benign brain tumour
involved. This oxygen is transported by haemoglobin, a molecule that contains
iron, which is magnetic.

fMRI uses a large magnet to compare the amount of oxygenated haemoglobin
entering brain cells with the amount of deoxygenated haemoglobin that is
leaving them. The computer-generated images colour the regions with greater
oxygenated blood. This allows the pinpointing of the activated brain regions to
be located within a centimetre.

While fMRS uses the same equipment as fMRI, it uses different computer
software. This technology can record and identify levels of specific chemicals
during brain activity and has been used to study language function in the brain.
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Neurotechnology

We have learned more about the human brain in the past 10-15 years than we have in the rest of recorded
history. This new information is leading revolutionary changes in how we use our brains and think about them.
New technologies are providing us with new knowledge about the brain and how it works. With new knowledge,
previously held ideas often need to be modified. In some cases, the previous understanding or theories have
needed to be discarded completely so that new theories can be developed to replace them.

Neuroplasticity and neurogenesis

Contrary to what was believed in the past, our brains and brain connections, or neural pathways, are not static
and unchanging. They are constantly wiring and rewiring. Stimulation and challenging your brain encourages
the growth of dendrites and the production of new neurons. Lack of stimuli can result in weakening of existing
connections and possible pruning of them. You may also lose new neurons in the process.

Currently there are some exciting research projects on neurogenesis (meaning

‘the birth of new neurons’). This research is investigating whether factors such as neurogenesis the creation of
exercise and different moods can influence how many neurons are being ‘born’ neurons

each day and how many survive.

FIGURE 2.78 Technologies provide FIGURE 2.79 A technician
us with information that enables us to monitoring a patient
develop models so that the knowledge undergoing an MRI scan of
can be communicated to others. the brain

TABLE 2.8 PMI chart on neurotechnology

Plus Minus Interesting

* New medicines °* New weapons * Neuroeducation

For example, these may be individually For example, neuroweapons For example, a tablet to
styled and used to cure or treat mental that influence how the brain ingest or a connection to
illnesses with high efficacy and negligible (and person) responds to an implant in your brain to
side effects. particular stimuli or situations | pass on the knowledge of a
This may lead to a major decrease in new language, topic or skill

mental ilinesses such as depression,
schizophrenia, bipolar disorders, substance
abuse and obsessive—compulsive
disorders.

(continued)
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TABLE 2.8 PMI chart on neurotechnology (continued)

Plus Minus Interesting

* New chemicals * New marketing * Neuromodulators

For example, chemicals that may be strategies For example, a tablet to

ingested to: For example, neuromarketing | ingest to help people feel
that uses knowledge of happy all of the time

¢ influence learning, memory
processes, decision making and
attention

* influence moods, motivation,
feelings and awareness

* restore and extend the capacity of
our senses (enhancing the sense
of sight, hearing, smell or taste)

the brain to prioritise their
products over others

The future of neurotechnology

Our society shapes the development of new technologies. It is also shaped by these technologies. Discoveries
in neurotechnology have been enhanced by developments in information technologies. Development of
nanobiochips and brain-imaging technologies increase the accuracy of biological and neurological analysis.
Nano-imaging techniques will enable analysis of events at the neuromolecular level in the brain. Knowledge

of these events will enhance our understanding about how our brains work and give us power to modify their
function.

In the future, neurotechnology may provide us with knowledge that may lead to the development of
new treatments for diseases, new industries — and new problems to consider and solve. How will new
neurotechnologies change human societies? How will they change us?

Resources

Video eLesson An MRI scan (eles-4186)
assessm Additional automatically marked question sets

2.13 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,7,8 2,6,9, 11 4,5,10, 12

Remember and understand

1. 19 I|dentify the first technology used to observe brain functions, which involved injection of a
radioactive solution into the brain and measuring the amount of radiation in particular regions to
indicate the levels of activity at that time.

A. CAT B. EEG C. PET D. MRI

2. I3 Identify the type of technology involved in the attachment of multiple electrodes to the scalp and
measurement of magnetic activity occurring in the brain during mental processing.
A. MEG B. PET C. EEG D. CAT

142 Jacaranda Science Quest 9 Victorian Curriculum Second Edition



3.

Identify the abbreviation for each of the processes listed below:

a. Computerised axial tomography

b. Electroencephalography

c. Functional magnetic resonance imagining

d. Functional magnetic resonance spectroscopy

e. Magnetic resonance imaging

f. Position emission tomography

Phrenology has a colourful history and varied interpretations. Give an example of how it has been
used.

Apply and analyse

5.

6.

7.
8.

Identify the technology that uses a large magnet to compare the amount of oxygenated haemoglobin
entering brain cells with the amount of deoxygenated haemoglobin that is leaving them. Why is this
technology useful?

Match the name of the brain imaging technique to its description.

Term Definition

a. CAT A. Reports on patterns of electrical transmission within an active brain, which are seen
as a squiggly line graph

b. MRI B. Responds to small magnetic fields caused by an electrical current of firing neurons
and can identify the source of electrical activity

c. EEG C. Records electrical activity in defined areas, using colour to represent positive and
negative locations in the cerebral cortex

d. PET D. Image that focuses on soft tissue and can show differences in chemical composition

Phrenology is considered by many to be a pseudoscience. What is meant by the term pseudoscience?
Describe the difference between neurogenesis and neuroplasticity.

Evaluate and create

9.

10.

11.

12.

Research ways in which the development of imaging technologies has improved our understanding of
the structure and function of the human brain.

m There are claims that brain scans can reveal personality types and the type of career you are best

suited for. Research these claims.

a. On the basis of your findings, do you agree that brain scans are capable of this? Justify your
response.

b. Find out about issues related to the use of brain scans in this way. Do you agree with their use for
this purpose? Explain why.

m If you were to hear about a new model or theory about the brain in the media, describe how you

would use scientific knowledge to determine its possible validity.

m Research neuro-linguistic programming (NLP) and the claims that it helps people lead better

lives. Summarise your findings.

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

Access your topic review eWorkbooks

Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-5133 ewbk-5135 ewbk-5137

Resources

2.14.1 Summary

Coordination and control

e Multicellular organisms rely on coordinated and interdependent internal systems to respond to changes to
their environment.

e Homeostasis is the constant maintenance of the internal body environment. Variables such as blood
glucose, water and carbon dioxide need to be kept within a particular range for the body to remain healthy.

e The stimulus—response model is where any changes (stimuli) are detected (by receptors) leading to the
initiation of a response by various body parts.

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

e Both the endocrine and nervous systems work together to help maintain homeostasis and allow for
responses to occur.

The nervous system — fast control

e The nervous system is composed of the central nervous system (CNS), which contains your brain and
spinal cord and the peripheral nervous system (PNS), which contains the nerves (neurons) that connect to
the rest of the body.

e There are three types of neurons: sensory, interneuron and motor neuron.

* A synapse is a gap between neurons and is where neurotransmitters are released. Neurotransmitters are
chemicals involved in passing messages between your neurons.

e Neurons are made up of three main parts: the dendrites, cell body and axon.

¢ Reflex responses require no conscious thought. A reflex arc is the nerve pathway followed by the reflex
action.

Getting the message

e Sense organs detect stimuli (such as light, sound, touch, taste and smell) in your environment. Examples of
human sense organs are your eyes, ears, skin, tongue and nose.

e Receptors respond to different stimuli. Receptors include thermoreceptors, mechanoreceptors,
chemoreceptors, photoreceptors and pain receptors.

The brain

e The brain is made up of three main parts: the forebrain (cerebrum, thalamus), the midbrain (reticular
formation) and the hindbrain (medulla, pons and cerebellum).

e The reticular formation helps regulate your alertness (from being fully awake or deeply asleep), motivation,
movement and some of your reflexes.

The endocrine system — slow control

e Your endocrine system is composed of endocrine glands that secrete chemical substances called hormones
into the bloodstream.

e Hormones control and regulate functions such as metabolism, growth, development and sexual
reproduction.
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Plant hormones

¢ Plant hormones coordinate the way plants grow, develop and respond to their internal and external
environments.

e The five main plant hormones are auxins, cytokinins, gibberellins, abscisic acid and ethylene.

¢ Plants have internal biological clocks and may have different patterns of movement in a 24-hour cycle. This
is known as a circadian rhythm or cycle.

Emotions and the limbic system

* Your ‘emotional brain’ or limbic system is made up of a collection of structures within your brain. The
limbic system is involved in memory, controlling emotions, decision making, motivation and learning.

e Neurotransmitters such as serotonin, noradrenaline and dopamine affect how individuals feel and react.

e The fight-or-flight response is a physiological reaction occurring in response to perceived attacks or threats.
It involves the hormone adrenaline from the adrenal gland.

Memory

¢ Incoming information is filtered through your sensory register.

¢ Information that has made it past your thalamus forms your immediate memory. Memories that capture
your focus move into your working memory. From here, information may go to your hippocampus and
move into long-term memory.

Sleep

e Melatonin, released from your pineal gland, is important in aiding sleep and making you drowsy.
e During the night, your body experiences sleep cycles lasting 90—-110 minutes, with periods of REM (dream
sleep triggered by the pons) and non-REM sleep.

The teen brain
e The brain continues to develop through adolescence; any connections not used are eliminated through
synaptic pruning.
Damage to the nervous system

e Paralysis is the loss of movement that can result from damage to the nervous system, particularly the spinal
cord.
e Motor neuron disease targets motor neurons, resulting in progressive paralysis.

Studying the brain

¢ There are many techniques to examine the brain through imaging — magnetic resonance imaging (MRI)
and computerised axial tomography (CAT) produce computer images of the brain’s external structure.

e Scanning technologies that provide information about brain function include: electroencephalography
(EEG); magnetoencephalography (MEG); positron emission tomography (PET); functional magnetic
resonance imaging (fMRI); and functional magnetic resonance spectroscopy (fMRS).

2.14.2 Key terms

abscisic acid a plant hormone that is involved in the process of development

acetylcholine produced in vesicles in a neuron, this neurotransmitter is released on the arrival of a nervous
impulse to travel across the synapse (gap between neurons) to stimulate an impulse in another neuron
adrenal glands a pair of glands situated near the kidneys that release adrenaline and other stress hormones
adrenaline a hormone secreted in response to stressful stimuli, which readies your body for the fight-or-flight
response

alpha (@) waves waves of electrical impulses emitted by your brain at a frequency of 8-12 Hz associated with
being calm, relaxed but aware of your environment

amygdala emotional centre of the brain, which processes primal feelings such as fear and rage

auditory nerve a large nerve that sends signals to the brain from the hearing receptors in the cochlea
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auxin plant hormone that regulates or modifies the growth of plants such as promoting stem growth, cell
expansion and repair

axon long structure within a neuron through which the nervous impulse travels from the dendrite and the cell
body

beta (B) waves waves of electrical impulses emitted by your brain at a frequency of 13-30 Hz associated with
being strongly engaged and using many of your senses, and perhaps with anxiety

brain-control interface technology a direct communication pathway between the brain and an external device
brain stem the part of the brain connected to the spinal cord, responsible for breathing, heartbeat and digestion
cell body part of a neuron that contains the nucleus

central nervous system the part of the nervous system composed of the brain and spinal cord

cerebellum the part of the brain that controls balance and muscle action

cerebral cortex the outer, deeply folded surface of the cerebrum

cerebral hemispheres the left and right halves of the brain

cerebrum the largest part of the brain responsible for higher order thinking, controlling speech,

conscious thought and voluntary actions

chemoreceptors special cells within a sense organ that are sensitive to particular chemicals

circadian rhythm the 24-hour pattern of behaviour exhibited in animals and plants even if deprived of
environmental changes

cochlea the snail-shaped part of the inner ear in which receptors are stimulated

cognition another name for thinking or mental activity

colour blindness an inherited condition, more common in males, in which a deficiency of one or more of the
different types of cones may mean that you find it difficult to see a particular colour or combinations of colours
computerised axial tomography (CAT) a medical imaging technology employing x-rays to produce a 3D image
of a body using computer processing

cones photoreceptors located in the retina that respond to red, green or blue light

cornea the curved, clear outer covering of your eye

corpus callosum a bridge of nerve fibres through which the two cerebral hemispheres communicate

corpus luteum an endocrine structure that is involved in the production of progesterone

cytokines signalling molecules that regulate the function between cells of the immune system

cytokinin hormone that promotes cell division in plants

cytosol the fluid found inside cells

delta (6) waves waves of electrical impulses emitted by your brain at a frequency of 1-3 Hz associated with
being in a deep, dreamless sleep

dendrite structure that relays information towards the cell body of a neuron

dopamine a neurotransmitter involved in producing positive moods and feelings.

ear canal the tube that leads from the outside of the ear to the eardrum

eardrum a thin piece of stretched skin inside the ear that vibrates when sound waves reach it

effectors organs that respond to a stimuli to initiate a response

electroencephalogram (EEG) a device that detects and records the electrical activity of the brain

empathy the capacity to recognise and to some extent share feelings that are being experienced by other people
endocrine glands organs that produce hormones, which are released into the bloodstream

endocrine system the body system composed of different glands that secrete signalling molecules (hormones)
that travel in the blood for internal communication and regulation and to maintain homeostasis

ethylene gaseous plant hormone involved in the ripening of fruits and the lowering and dropping (abscission) of
leaves

fertilisation fusion of the male sex cell (sperm) and the female sex cell (ovum)

follicles found in the ovary and contain a single immature ovum (egg)

follicle-stimulating hormone (FSH) regulates the development, growth and reproductive processes of the body
forebrain consists of the cerebrum, cerebral cortex, thalamus and hypothalamus

functional magnetic resonance imaging (fMRI) a type of specialised MRI scan used to measure the change in
blood flow related to neural activity in the brain or spinal cord

functional magnetic resonance spectroscopy (fMRS) a medical imaging technique used to measure levels of
different metabolites in body tissues

gibberellin plant hormone that regulates growth, including germination and dormancy

glucagon a hormone, produced by the pancreas, which increases blood glucose levels

glycogen the main storage carbohydrate in animals, converted from glucose by the liver and stored in the liver
and muscle tissue
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higher-order thinking involves problem solving and decision making

hindbrain a continuation of the spinal cord

hippocampus part of the brain with a key role in consolidating learning, comparing new information with
previous experience, and converting information from working memory to long-term storage

homeostasis the maintenance by an organism of a constant internal environment (for example, blood glucose
level, pH, body temperature)

hormone a signalling molecule that is produced in specialised cells and travels in blood to act on target cells to
cause a specific response

hypothalamus a part of the forebrain that monitors internal systems and coordinates the nervous and endocrine
systems to maintain homeostasis

implanted electrodes technological devices that have a number of medical applications, such as their direct
connection to a human brain, with the aim of providing assistance to people with a variety of disabilities
insulin hormone that reduces blood glucose levels

interneuron a nerve cell that conducts a nerve impulse within the central nervous system, providing a link
between sensory and motor neurons

iris coloured part of the eye that opens and closes the pupil to control the amount of light that enters the eye
lens a transparent curved object that bends light towards or away from a point called the focus

limbic system a collection of structures within your brain involved in memory, controlling emotions, decision
making, motivation and learning

long-sightedness (hyperopia) the condition of not being able to see clearly things that are close

luteinising hormone (LH) hormone produced by the anterior pituitary gland that initiates ovulation, the
production of progesterone and corpus luteum development in females and in the stimulation of production

of testosterone in testes in males

magnetic resonance imaging (MRI) a medical imaging technique employing a powerful magnetic field and radio
waves to produce a 3D image of a body

magnetoencephalography (MEG) a medical imaging technique for mapping brain activity by recording
magnetic fields produced by electrical currents occurring naturally in the brain

mechanoreceptors special cells within the skin, inner ear and skeletal muscles that are sensitive to touch,
pressure and motion

medulla oblongata (medulla) a part of the brain developed from the posterior portion of the hindbrain
melatonin hormone produced by the pineal gland that is involved in sleepiness

menstruation monthly discharge of blood and other materials from the uterus lining through the vagina (also
known as period)

middle ear the section of the ear between your eardrum and the inner ear, containing the ossicles

mirror neurons group of neurons that activate when you perform an action and when you see or hear others
performing the same action

motor neuron a nerve cell that conducts a nerve impulse from the central nervous system to the effector, such
as a muscle or gland so that it may respond to a stimulus

motor neuron disease a medical condition that progressively destroys motor neurons, resulting in progressive
paralysis but leaving the brain and sense organs unaffected

multicellular organism a living thing that is composed of many cells

myelin a fatty, white substance that encases the axons of neurons

myelination the process of neurons becoming coated in a myelin sheath

negative feedback a homeostatic mechanism that returns a stimulus back within its normal range

nerve a bundle of neurons

nervous system the body system in which messages are sent as electrical impulses (along neurons) and
chemical signals (neurotransmitters across synapses)

neural prostheses technological devices that can replace a motor, sensory or cognitive structure
neurogenesis the creation of neurons

neuron another name for nerve cell, a specialised cell for transmitting a nerve impulse

neurotransmitters signalling molecules released from the axon terminals into the synapse between nerve cells
(neurons)

noradrenaline also called norepinephrine; common neurotransmitter involved in arousal states

nucleus roundish structure inside a cell that acts as the control centre for the cell

oestrogen hormone secreted from the ovaries and the placenta with a variety of effects such as inducing puberty
changes and thickening of the uterus lining

olfactory nerve nerve that sends signals to the brain from the chemoreceptors in the nose
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optic nerve large nerve that sends signals to the brain from the sight receptors in the retina

organelle small structure in a cell with a special function

ossicles a set of three tiny bones that send vibrations from the eardrum to the inner ear

ovulation the release of an ovum

ovum female sex cells produced in the ovaries

oxytocin a hormone that induces labour and milk release from mammary glands in females

pain receptors special cells located throughout the body (except the brain) that send nerve signals to the brain
and spinal cord in the presence of damaged or potentially damaged cells

pancreas a large gland in the body that produces and secretes the hormone insulin

papilla bumps on your tongue that are thought to contain tastebuds

paralysis loss of the ability to move

peripheral nervous system the part of the nervous system containing nerves that connect to the central nervous
system

photoreceptor a special cell located in your eye that is stimulated by light

pineal gland gland that produces the hormone melatonin, which can make you feel drowsy

pituitary gland a small gland at the base of the brain that releases hormones

pons part of the brain involved in regulating sleep, arousal and breathing, and coordinating some muscle
movements

positive feedback a homeostatic mechanism that enhances the original stimulus

positron emission tomography (PET) a nuclear medicine imaging technique employing gamma rays to produce
a 3D image of a body or functional processes in the body

primacy remembering the first time that you do something, or the beginning of something

progesterone hormone produced in the ovaries that inhibits ovulation and prepares the lining of the uterus for
pregnancy

pseudoscience an apparently scientific approach to a theory that on close analysis is shown to have no
scientific validity

pupil a hole through which light enters the eye

recency remembering the last time that you do something, or the end of something

reflex arc a quick response to a stimulus that does not involve the brain (for example, knee jerk). The message
travels from receptor to sensory neuron to interneuron in the spinal cord then directly via the motor neuron to the
effector.

reticular formation a network of neurons that controls the amount of information that flows into and out of the
brain

retina curved surface at the back of the eye

rods photoreceptors located in the retina that respond to low levels of light and allow you to see in black and
white in dim light

sense organ a specialised structure that detects stimuli (such as light, sound, touch, taste and smell) in your
environment

sensory neuron a nerve cell in the sensory organs that conducts a nerve impulse from receptors to the central
nervous system

sensory register part of the information processing model of the brain that involves filtering incoming information
serotonin a common neurotransmitter involved in producing states of relaxation and regulating sleep and moods
short-sightedness (myopia) the condition of not being able to see clearly things that are far away
stimulus-response model a system in which a change (stimulus) is detected by receptors leading to a response,
which acts to alter and return the variance to normal

suprachiasmatic nucleus (SCN) the biological clock, located in the hypothalamus near where the optic nerves
Cross

synaesthesia a condition in which a sensation is produced in one physical sense when a stimulus is applied to
another

synapse the gap between adjoining neurons where neurotransmitters travel

synaptic pruning the elimination of the least used and hence weakest synapses (connections between neurons)
in the brain during adolescence

tastebuds nerve endings located in your tongue allowing you to experience taste

testosterone male sex hormone

thalamus part of the brain through which all sensory information from the outside (except smell) passes before
going to other parts of the brain for further processing
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thermoreceptors special cells located in your skin, part of your brain and body core that are sensitive to
temperature

thermoregulation the control of body temperature

thermostat a device that establishes and maintains a desired temperature automatically

thyroid gland a small gland in the neck that helps regulate metabolism and growth

uterus the organ in which a baby grows and develops

vesicle a small fluid-filled, membrane-bound sac in a cell

Resources

eWorkbooks Study checklist (ewbk-5139)
Literacy builder (ewbk-5140)
Crossword (ewbk-5142)
Word search (ewbk-5144)

.. Practical investigation eLogbook Topic 2 Practical investigation eLogbook (elog-0625)

Digital document Key terms glossary (doc-34973)

2.14 Exercise learn(:]

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,3,5,12, 13,15 2,6,8,10, 11, 16 4,7,9,14,17, 18

Remember and understand

1. Construct a flow chart to show the stimulus-response model.
2. Copy and complete the following table.

TABLE Stimuli, receptors and sense organs

Stimulus Receptor Sense organ
Eye

| Chemoreceptor

Vibrations, pressure

| Thermoreceptor

3. Place the following labels in the correct places on
the diagrams provided.

dendrite

sensory neurons

cell body

effector

axon

motor neurons
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Interneurons

Central Action
Sensory ctio

nervous or
receptors

system response

Stimulus

5. Match the hormone with the appropriate function.

a. Anti-diuretic hormone (ADH) A. Causes reabsorption of water in kidneys

b. Glucagon B. Causes testes to produce sperm

c. Insulin C. Causes thickening of the uterine lining

d. Oestrogen D. Controls menstruation cycle and pregnancy
e. Progesterone E. Increases blood glucose levels

f. Testosterone F. Increases metabolic rate of cells

g. Thyroxine G. Lowers blood glucose levels
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6.

Match the terms with their appropriate description in the table provided.

Term ‘ Description

a. Central nervous system | A. Made up of a cell body, dendrites and axon

b. Motor neuron B. Takes messages away from the central nervous system

c. Nerves | C. Takes messages to the central nervous system

d. Neuron D. Brain and spinal cord

e. Neurotransmitter | E. Chemical messenger that carries messages from one
neuron to another across a synapse

f. Peripheral nervous system | F. Nerves that connect the central nervous system to the
rest of the body

g. Sensory neuron | G. Gap between neurons

h. Synapse H. Made up of neurons

Apply and analyse

7.

10.

11.
12.

13.
14.

Underline the incorrect term in each sentence and replace it with the correct term. Write definitions of
the incorrect words you replaced.

a. The neuron carries hormones to target cells.

b. The master gland of the endocrine system is the adrenal gland.

c. The brain and spinal cord make up the peripheral nervous system.

d. Each molecule has tissues that carry out particular functions.

Outline the function of auxins and gibberellins in plants and state where each is produced.
Outline the differences between each pair of terms.

a. Positive feedback and negative feedback b. Thermoreceptor and chemoreceptor

c. Axon and dendrite d. Hormone and neurotransmitter

e. CNS and PNS f. Thalamus and hypothalamus.

Place the terms in their appropriate position in the flow chart: cell body, axon, dendrite, stimulus

Neuron

_f £ E

Electrical (nerve) impulse

Describe the relationship between adrenaline, pituitary, adrenal cortex, heart rate, stress.
Recall three endocrine glands and hormones they produce. Describe a function of each of the
hormones.

Provide an example of a negative feedback mechanism. Explain why it is important.

Explain the following types of brain imaging and describe the use of each.

a. Computerised axial tomography (CAT) b. Electroencephalogram (EEG)

c. Magnetic resonance imaging (MRI) d. Positron emission tomography (PET)

Evaluate and create

15.

16.

Construct a table to summarise the differences between the nervous and endocrine systems. Make
sure you include the name of the information each system produces, how that information is carried
throughout the body, and the speed and length of each system’s response.

Draw a flow chart that outlines what happens when you sit down on a chair that has a sharp object on
it. Include both nervous and endocrine responses.
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17. The flow chart shows a series of events that may occur when you encounter a stressful event. Suggest
descriptions or labels for each of the links (shown as the blank boxes)

Stressful Adrenocorticotrophic
event hormone (ACTH)

Fight or Muscles, heart Adrenaline and
flight and lungs noradrenaline

Adrenal

glands

18. Explain the role of the nervous and endocrine system in regulating body temperature and outline both
voluntary and involuntary processes involved in thermoregulation.

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

1| Resources

A

./ eWorkbook Reflection (ewbk-3038)

teach/:

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY

Resources

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

2.1 Overview

eWorkbooks

* Topic 2 eWorkbook (ewbk-5090)

® Student learning matrix (ewbk-5092)
e Starter activity (ewbk-5093)

Practical investigation eLogbook
® Topic 2 Practical investigation eLogbook (elog-0625)

Video eLesson
® Neurons in the brain (eles-2631)

Weblink
® Reaction time test

2.2 Coordination and control

eWorkbook
® The stimulus-response model (ewbk-5095)

2.3 The nervous system — fast control

eWorkbooks

® Labelling a neuron (ewbk-5146)

® Labelling a synapse (ewbk-5099)

® Labelling the reflex arc (ewbk-5101)
® The nervous system (ewbk-5103)

Practical investigation eLogbook
® |nvestigation 2.1: How good are your reflexes?
(elog-0627)

Video elLessons
® The human nervous system (eles-2632)
® Brain cell synapse (eles-2634)

" Interactivities
® A nervous response (int-0670)
® A bundle of nerves (int-0015)
® Neuron structure (int-5762)

2.4 Getting the message

eWorkbooks

® Labelling the eye (ewbk-5105)
® Labelling the ear (ewbk-5107)
® Skin (ewbk-5109)

Practical investigation eLogbooks

® Investigation 2.2: Touch receptors on your skin
(elog-0629)

® Investigation 2.3: Dissection of a mammal’s eye
(elog-0631)

Video eLessons

® Human eye anatomy and common eye defects
(eles-2635)

* Sound waves vibrations are detected by the ear
(eles-2636)

Interactivity
® Labelling parts of a human ear (int-8176)

Weblink

® The human eye

2.5 The brain

eWorkbooks
® Labelling the brain (ewbk-5111)
® The brain (ewbk-5113)

Practical investigation eLogbook
® Investigation 2.4: Dissection of a mammal’s brain
(elog-0633)

Video eLesson
* Willis and the brain (eles-1783)

Interactivity
® Labelling the human brain (int-8229)

Weblink
* Neuroscience

2.6 The endocrine system — slow control

eWorkbooks

¢ Labelling the endocrine system (ewbk-5115)

¢ Labelling the male reproductive system (ewbk-5117)

® Labelling the female reproductive system (ewbk-5119)
® The endocrine system (ewbk-5121)

Video eLessons

® Methods of contraception (eles-0127)
® The male endocrine system (eles-2633)
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Interactivities
® Reproductive system (int-3032)
® Endocrine glands (int-5766)

2.7 Plant hormones

eWorkbook
¢ Different types of plant hormones (ewbk-5123)

Practical investigation eLogbooks

* Investigation 2.5: The effect of a commercial rooting

powder on cutting development (elog-0635)
® |nvestigation 2.6: Plant responses to hormones
(elog-0637)

Video eLesson
® Circadian rhythm (eles-2637)

2.8 Emotions and the limbic system

eWorkbooks
® Labelling the limbic system (ewbk-5125)
® The body continuum (ewbk-5127)

Video eLesson
® The hypothalamus (eles-2638)

2.9 Memory

Weblink
® Memory, attention and distraction

2.10 Sleep

Video eLesson
* During REM the eyes flick in different directions
(eles-2640)

2.12 Damage to the nervous system

Weblinks
® Stem cells
* Fight MND

2.13 Studying the brain

Video eLesson
® An MRI scan (eles-4186)

2.14 Review

eWorkbooks

® Topic review Level 1 (ewbk-5133)
* Topic review Level 2 (ewbk-5135)
* Topic review Level 3 (ewbk-5137)
® Study checklist (ewbk-5139)

* Literacy builder (ewbk-5140)

® Crossword (ewbk-5142)

* Word search (ewbk-5144)

® Reflection (ewbk-3038)

Practical investigation eLogbook
® Topic 2 Practical investigation eLogbook (elog-0625)

Digital document
® Key terms glossary (doc-34973)

To access these online resources, log on to www.jacplus.com.au.
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3 Systems Worklng

together oo

LEARNING SEQUENCE

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

Overview

Respiratory and circulatory system

Essential intake

Digestive and excretory systems ..

Living warehouses

Myths, moods and foods

Drugs on your brain

Organ transplants and stem cells .

Thinking tools — Priority grids and matrixes .
Review




3.1 Overview

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.

3.1.1 Introduction

Like those of other multicellular
organisms, your body systems work
together to keep you alive. Each
body system is made up of organs X _ " R T
with specific functions. An important S : e o -"/"'f““ gt P )
function of your body systems is to : A :
supply your cells with energy and
nutrients, and to remove wastes that are
produced. To achieve this, your body
systems do not work independently of
each other — they work together. This
requires organisation, coordination and
control.

FIGURE 3.1 Athletes rely on body systems that work in a
coordinated manner. They need to have a supply of energy to
keep them healthy and strong

The nervous and endocrine systems
were discussed in topic 2. This topic
will focus on the interdependence of
the circulatory system and respiratory
system, and the digestive system .
and excretory system. The respiratory system allows gas exchange between cells and your environment; the
circulatory system moves substances around and between body systems; the digestive system breaks down food
and absorbs nutrients; and the excretory system helps the body to get rid of wastes from metabolism.

_m Resources

@ Video eLesson Body systems animation (eles-4171)

Watch this short animation demonstrating some of the major systems in the human body.
How many systems and organs can you recognise?

3.1.2 Think about body systems

Is it the amount of oxygen or carbon dioxide in your blood that influences your breathing rate?
Does breathing rate differ at sea level or high in the mountains?

In what form are old red blood cells excreted in faeces?

Which vitamin deficiency may result in poor blood clotting?

What’s wrong with glucose in your urine?

Does eating food stop you from getting drunk?

What'’s the link between cocaine and neurotransmitters in the brain?

Which is better, high or low GI?

Is chicken soup good for fevers?

Should the government be able to control what and how much you eat and drink?

COPNOGORON S

-t
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3.1.3 Science inquiry

Design an organism

Have you ever wondered what the recipe for life is? Which

ingredients would you blend together to make up a living FIGURE 3.2 Grimpoteuthis, one of the 15
thing? How could this mixture result in life? species of umbrella (or dumbo) octopuses

— they live in the deep sea in very cold
Scientists have developed a whole range of different water and without sunlight.

instruments and technologies to discover more about life
processes. This has helped develop our knowledge and
understanding of the structure of living things and how they
work. Investigations provide us with more information about
chemical processes that occur in cells and keep living things
alive.

1. a. ldentify an environment in which your organism will live.
b. Describe the temperature, light intensity, water availability,
food sources and other factors that you consider to be
important to the survival of your organism.
2. Design your organism.
a. ldentify how your organism:

i obtains nutrients FIGURE 3.3 Tardigrades are half-a-
ii. obtains oxygen millimetre-long water animals that have been

. removes its wtastes. . found in rainforests, the Antarctic, in mud
b. Identify how nutrients, oxygen and its wastes are volcanoes and in the deep sea.

transported within its body.
c. Identify how the organism senses and responds to its
environment.

3. Draw labelled diagrams of your organism’s cells, tissues,
organs and systems. Remember to take the function of
each of these into account when you are designing its
structure.

4. Describe how each of your organism’s systems work
together to keep it alive.

5. Construct a model of your organism.

6. Construct an electronic or hard-copy brochure that
advertises what a magnificent life form your organism is.
Think about who you are advertising your organism to. Is
your target audience a zoo or a documentary film-maker or
someone else?

Resources

eWorkbooks Topic 3 eWorkbook (ewbk-4759)
Student learning matrix (ewbk-4758)
Starter activity (ewbk-4761)

Practical investigation eLogbook Topic 3 Practical investigation eLogbook (elog-0546)

Ie a rn Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.
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[

ewbk-4763

eles-2642

int-8233

3.2 Respiratory and circulatory systems

LEARNING INTENTION

At the end of this subtopic you will understand how the respiratory and circulatory systems work together to
supply oxygen to your cells and remove carbon dioxide from them.

3.2.1 The respiratory system and the circulatory system

The respiratory system

The respiratory system is responsible for getting oxygen into your body and carbon dioxide out. This occurs
when you inhale (breath in) and exhale (breathe out). The main organ in this system is the lungs. It is in the
alveoli of the lungs that gas exchange occurs (figure 3.4).

FIGURE 3.4 The human respiratory system

Organs of the respiratory system, expanded to show details

—

A
N

Oesophagus |f ff —= Epiglottis

(food pipe) T |

Bronchi

Lungs

respiratory system the body
system that includes the lungs
and associated structures and is
responsible for the gas exchange
of getting oxygen into your body
and carbon dioxide out

lungs the organ for breathing
air. Gas exchange occurs in the
lungs.
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The circulatory system

The circulatory system, also called the cardiovascular system, is responsible

for transporting oxygen and nutrients to your body’s cells, and wastes such as Al E A b ey

system that includes the heart,

f:arbon dioxide away from t.hem. Thls 1nvolve§ blc?od cells that are transpor.ted blood and blood vessels and is
in your blood vessels (arteries, veins, and capillaries) and your heart. Arteries responsible for circulating oxygen
transport blood to the heart and veins transport blood back to the heart. Arteries and nutrients to your body cells

and carbon dioxide and other

are narrower than veins, which means blood is under higher pressure in the
wastes away from them

arteries than in the veins. Capillaries are the site at which exchange of materials
with the cells occurs.

The heart is actually two pumps. One side pumps oxygenated blood and the other pumps deoxygenated blood
(figure 3.6).

FIGURE 3.5 Heart and blood vessel flow chart

‘

m Capillary Body cells Capillary

FIGURE 3.6 The oxygenated blood coming from the artery (red) moves into the finer capillaries where the thin walls
allow an exchange of gases into the tissues. Carbon dioxide is released from the tissues to the blood stream where
the veins take the deoxygenated blood (blue) back to the heart and lungs.

©

Lymph f Capillary

White blood cell

Smooth
muscle Tissue fluid

Smooth
muscle

Connective
tissue

Connective
tissue

Tissue cells
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3.2.2 Cells need energy!

Your circulatory and respiratory systems work together to provide your cells with oxygen, which is essential

for the process of making energy. This process is called cellular respiration. It involves the breaking down of
glucose so that energy is released and can be converted into a form that your cells can use. As can be seen in the
cellular respiration equation below, carbon dioxide is produced as a waste product. The carbon dioxide then
needs to be removed from your cells or it would result in their damage or death.

Cellular respiration

Cellular respiration is the breakdown of food (glucose) in the presence of oxygen, which releases energy that can
be transformed into a form that cells can use. Carbon dioxide is a waste product.

Glucose + oxygen — carbon dioxide + water + energy

EXTENSION: Details of cellular respiration
Cellular respiration actually occurs through a complex series of biochemical equations. It can be simplified as
follows:

CgH1,05 + 60, — CO, + H,O + (ATP)
Glucose + oxygen — carbon dioxide + water + energy (ATP)

As this series of reactions give out energy, they are known as exergonic reactions, and the energy released is
used to produce a useable form of energy known as ATP.

H H oxygen tasteless and colourless
3.2.3 Transport in the respiratory and e
circu |atOI’y SyStemS made up of two oxygen atoms. It

is essential for cellular respiration
for most organisms and is a
product of photosynthesis.

Your circulatory system is responsible for: glucose a six-carbon sugar
e transporting oxygen and nutrients to your body’s cells (monosaccharide) that acts as

. . s a primary energy supply for man
e transporting wastes such as carbon dioxide away from your body’s cells. orzanisr;ys 9y stPPY Y

carbon dioxide a colourless
gas in which molecules (CO,)

Transport through your circulatory system

This involves blood cells that are transported in your blood vessels and heart. The

three major types of blood vessels are: are made up of one carbon and
. two oxygen atoms; essential
e arteries — transport blood from the heart . pho}':chsynthesis T B
e capillaries — where materials are exchanged with cells product of cellular respiration.
e veins — transport blood back to the heart (as shown below). The burning of fossil fuels also

arteries hollow tubes {vessels)
with thick walls carrying blood
pumped from the heart to other
body parts

capillaries minute tubes carrying
blood to body cells. Every cell of
the body is supplied with blood
through capillaries.

veins blood vessels that carry
blood back to the heart. They
have valves and thinner walls than
arteries.
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Inhaling: To get oxygen into your respiratory system

Your respiratory system is responsible for getting oxygen into your body and carbon dioxide out. This occurs

when you inhale (breathe in) and exhale (breathe out).

To get oxygen into your respiratory system, you breathe in, but you actually take
in a mixture of gases (of which about 21 per cent is oxygen) from the air around
you. The air moves down your trachea (or windpipe), then down into one of
two narrower tubes called bronchi (bronchus), then into smaller branching tubes
called bronchioles, which end in tiny air sacs called alveoli (alveolus).

FIGURE 3.7 Flow chart of the human respiratory system

Oxygen

1 1
1 1
1 1
1 1
1 1
1 1
Nose M—:»M—» Bronchioles Alveoli H
1 1
1 1

Getting oxygen into your circulatory system

Your alveoli are surrounded by a network of capillaries. The alveolus wall and
capillary walls are each one cell thick, the minimum possible for oxygen and
carbon dioxide to cross by diffusion. These capillaries contain red blood cells (or
erythrocytes) that contain haemoglobin, an iron-based pigment that gives your
blood its red colour. Oxygen moves from the alveoli into the red blood cells in the
surrounding capillaries and binds to the haemoglobin to form oxyhaemoglobin. It
is in this form that the oxygen is transported to your body cells.

FIGURE 3.8 Flow chart of oxygen moving into the circulatory system

trachea narrow tube from the
mouth to the lungs through which
air moves

bronchi the narrow tubes through
which air passes from the trachea
to the smaller bronchioles and
alveoli in the respiratory system.
Singular = bronchus.

bronchioles small branching
tubes in the lungs leading from
the two larger bronchi to the
alveoli

alveoli tiny air sacs in the lungs
at the ends of the narrowest
tubes. Oxygen moves from
alveoli into the surrounding blood
vessels, in exchange for carbon
dioxide. Singular = alveolus

red blood cells living cells in the
blood that transport oxygen to
all other living cells in the body.
Oxygen is carried by the red
pigment haemoglobin.
erythrocytes red blood cells
haemoglobin the red pigment

in red blood cells that carries
oxygen

Oxygen Alveoli M—»M Haemoglobin

FIGURE 3.9 In an alveolus, oxygen diffuses into the blood and carbon dioxide diffuses out of the blood.

Direction of
blood flow
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" Direction of
blood flow
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Transporting oxygen to your cells

Oxygenated blood travels in a path, as shown in figures 3.10 and 3.12. It travels from your lungs via the
pulmonary vein to the left atrium of your heart. From here, it travels to the left ventricle where it is pumped
under high pressure to your body through a large artery called the aorta.

The arteries transport the oxygenated blood to smaller vessels called arterioles and finally to capillaries through
which oxygen finally diffuses into body cells for use in cellular respiration (figure 3.11).

FIGURE 3.10 Flow chart of oxygen moving through the circulatory system to the body’s cells

Oxygenated
blood

Pulmonary Left atrium Left ventricle .

FIGURE 3.11 In the capillaries, oxygen diffuses out of the blood and waste produced

by cells diffuses into the bloodstream.
pulmonary vein the vessel

Artery\ through which oxygenated blood
travels from your lungs to the
< af heart
T \ left atrium upper left section of
Blood flow = the heart where oxygenated blood

Capillary from the lungs enters the heart
(containing heart a muscular organ that

red blood pumps blood through the
circulatory system so that oxygen
and nutrients can be transported
to the body’s cells and wastes
can be transported away

left ventricle lower left section

of the heart, which pumps
oxygenated blood to all parts

of the body

aorta a large artery through which
Body oxygenated blood is pumped
cells at high pressure from the left
ventricle of your heart to your
body

arterioles vessels that transport

oxygenated blood from the
arteries to the capillaries

Blood flow
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a5
[\4 FIGURE 3.12 The path of oxygenated (red) and deoxygenated (blue) blood through the heart

ewbk-4765
S e T —
i . o
eles-2049 N\ Oxygen in —> l ~—— Carbon dioxide out
7
L\ 3 )
int-0210 \ <——Trachea

Aorta (carries
Lung blood to the body)

Superior vena cava
|

|

Pulmonary
arteries
(to lungs)

Pulmonary
veins (from
lungs)

| Right atrium

‘ Right side of heart Left atrium
' i ] Left side
1 Right ventricle of heart

Left ventricle
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Transporting carbon dioxide away from your cells

When oxygen has diffused into the cell and the waste product of cellular respiration, carbon dioxide, has
diffused out of the cell into the capillary, the blood in the capillary is referred to as deoxygenated blood.

The waste-carrying deoxygenated blood travels in a path (figures 3.12 and 3.13). It is transported via capillaries
to venules (small veins) to large veins called vena cava, then to the right atrium of your heart. From here it
travels to the right ventricle where it is pumped to your lungs through the pulmonary artery, so called because
it is associated with your lungs. The pulmonary artery is the only artery that does not contain oxygenated blood.

FIGURE 3.13 Flow chart of deoxygenated blood moving back to the lungs

Deoxygenated
blood

Right

Right atrium ventricle

of heart

[0F:10]11F-Ta% Venules Vena cava

Pulmonary
artery

of heart

Exhaling: to remove carbon dioxide from your respiratory system

To get rid of the carbon dioxide (CO,) from the deoxygenated blood, your body needs to get carbon dioxide
into your respiratory system and out of your body. Carbon dioxide in your capillaries diffuses into the alveoli
in your lungs. It is then transported into your bronchioles, then your bronchi, and then into your trachea. From
here, carbon dioxide is exhaled through your nose (or mouth) when you breathe out (figure 3.14).

FIGURE 3.14 Flow chart of carbon dioxide being released from the body

Carbon

dioxide

3.2.4 Working together

The respiratory system and the circulatory system work together to keep
your cells alive. They achieve this by providing your cells with the oxygen
required for cellular respiration and by removing its waste product carbon
dioxide. In this subtopic you have followed the different pathways for the
transport of oxygenated and deoxygenated blood through blood vessels and
the heart. You have also seen where and how the exchange of oxygen and
carbon dioxide occurs between the cells within the body, capillaries, and the
alveoli of the lungs.
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deoxygenated blood blood from
which some oxygen has been
removed

venules small veins

vena cava large vein leading into
the top right chamber of the heart

right atrium upper right section
of the heart where deoxygenated
blood from the body enters

right ventricle lower right section
of the heart, which pumps
deoxygenated blood to the lungs
pulmonary artery the vessel
through which deoxygenated
blood, carrying wastes from
respiration, travels from the heart
to the lungs



FIGURE 3.15 The respiratory and circulatory system work together

From body To body
Right atrium Left atrium

Vena cava e
Deoxygenated

blood

Oxygenated
blood

_,w

Right ventricle  Left ventricle

Pulmonary

Pulmonary
artery Deoxygenated blood

5 vein

Oxygenated blood

FIGURE 3.16 Connected highways — the routes for blood circulations
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Resources

assessm Additional automatically marked question sets

3.2 Exercise learn

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,7, 11 3,4,5,10,12 6,8,9,13

Remember and understand

1. Fill in the blanks, using the following words: alveoli, bronchi, bronchioles, trachea.

When you breathe in, air moves down your then through the then through

to tiny air sacs called .

2. Fill in the blanks to complete the sentences.
The process of cellular respiration requires and glucose, and produces energy in a form that
the cell can use and as a waste product.
State the word equation for cellular respiration.
4. Identify the molecule that the respiratory system and circulatory system work together to:

a. supply to your cells

b. remove from your cells.
5. a.[[[Id Identify the name given to the blood vessel that takes oxygenated blood from the lungs to the

left atrium of your heart.

©@

A. Pulmonary artery B. Pulmonary vein C. Aorta D. Vena cava

b. T4 Identify the name given to the blood vessel that takes deoxygenated blood from the right
ventricle of your heart to your lungs.
A. Pulmonary artery B. Pulmonary vein C. Aorta D. Vena cava

6. Place the following sequence in order to show the pathway carbon dioxide travels from your body cells

to your lungs:

a. Body cell b. Capillary c. Pulmonary artery d. Right atrium

e. Right ventricle f. Vena cava g. Venules h. Lungs
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7. ldentify which of the following statements are true and which are false. Justify any false response.
a. Oxygen is a product of cellular respiration.
b. Arteries have thicker, more muscular walls than veins.
c. Blood travels to the heart in arteries.
d. Blood in the aorta is oxygenated.
e. Deoxygenated blood travels from your heart to your lungs in your pulmonary vein.

Apply and analyse
8. Label the lettered parts (A-J) in the figure.

Head

Pulmonary
artery

Carotid arteries

Venae cavae
(great veins)

Hepatic
portal vein

Elastic fibres l Elastic fibres
and smooth muscle and smooth muscle
d
One cell thick

9. m Construct a flow chart to show how oxygen travels through the body.
10. ) Construct a flow chart to show how deoxygenated blood travels from body cells to the lungs.
11. B8] Construct a flow chart to show how carbon dioxide travels from the lungs to be exhaled through
the nose.

Evaluate and create

12. Use Venn diagrams to compare:

a. the right atrium and left atrium of the heart

b. the right ventricle and left ventricle of the heart

c. the left atrium and left ventricle of the heart

d. oxygenated blood and deoxygenated blood.
13. Use Venn diagrams to compare:

a. arteries and veins

b. oxygen and carbon dioxide

c. the pulmonary artery and pulmonary vein

d. the aorta and vena cava.

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

LEARNING INTENTION

At the end of this subtopic you will understand the differences between essential nutrients and non-nutrients and
how they can affect our physical and mental health.

3.3.1 Essential nutrients
Feeling hungry? Tummy rumbling? You need to eat to provide your body with nutrients.

Nutrients are substances needed for energy, cell functioning and for your body’s growth and repair. The five
main groups of nutrients that your body needs to stay alive are:
e carbohydrates — provide a source of energy; found in grains, starchy vegetables and bread
e proteins — used for cell growth and repair of damaged tissues, and produce enzymes and hormones; found
in meat, poultry, eggs, legumes and nuts
e lipids — a source of energy found in oils and fats
e vitamins and minerals — needed in small amounts and speed up and control chemical reactions in the
body; found in numerous foods, especially fruits and vegetables.

All of these except minerals are called organic nutrients because they contain carbon, hydrogen and oxygen.

FIGURE 3.17 Nutrients are needed for energy, cell
functioning and body growth and repair.

CASE STUDY: Feeding your emotions

Your body also needs the raw materials from nutrients to make neurotransmitters that
can affect your emotions. For example, dopamine and norepinephrine are made up of neurotransmitters signalling
three amino acids. These are: molecules released from the
® tryptophan — from food sources such as cottage cheese, peanuts, red meat EVE HEmI NS T Ui SEEss
. between nerve cells (neurons)
and brown rice
® tyrosine — from foods such as almonds, avocados, bananas and dairy
products
® phenylalanine — from meat, fish, eggs and soy products.

Tryptophan is also important in the synthesis of another neurotransmitter called serotonin. For more information
on these neurotransmitters see section 3.7.1.
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Small but important

Even though vitamins and minerals are required in only small amounts, they are
very important to your health. Your endocrine system and nervous system also
require a number of these to be able to effectively function and maintain a healthy
environment for your cells.

Vitamin-deficiency diseases can be caused by lack of a particular vitamin.
Diseases such as scurvy, rickets and beriberi have become less common as people
have become more aware of the importance of vitamins. Deficiencies of minerals

vitamins organic nutrients
required in small amounts. They
include vitamins A, B, C, D and K.

minerals any of the inorganic
elements that are essential to the
functioning of the human body
and are obtained from foods
endocrine system the body
system composed of different
glands that secrete signalling
molecules (hormones) that

travel in the blood for internal

communication and regulation
and to maintain homeostasis
nervous system he body
system in which messages

are sent as electrical impulses
(along neurons) and chemical
signals (neurotransmitters across
synapses)

vitamin-deficiency diseases
diseases caused by a lack of any
vitamins in the diet

can also cause a number of significant problems.

FIGURE 3.18 Mind-mapping your essential nutrients
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FIGURE 3.19 Vitamins and minerals needed for the body to function
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EXTENSION: Making predictions about vitamin D

Vitamin D is important for strong bones and muscles
because it controls calcium levels in the blood. While
we typically gain our vitamins from the food we eat,
our main source for vitamin D is from ultraviolet (UV)
radiation from the Sun. However, the Sun’s UV radiation
is also the main cause of skin cancer.

a. Do you think people with naturally darker skin
(skin with a higher melanin content) are at
higher or lower risk of developing a vitamin D
deficiency?

b. Does scientific research support your opinion?
Research and record relevant information, citing
your references.

c. Pose three questions that could be used to
guide further research.

FIGURE 3.20 Sunlight is the main source of
vitamin D.

3.3.2 Essential non-nutrients

Foods contain other important substances that are not nutrients. They are not used for energy or for growth and
repair, but they are still essential to your health. Two of these substances are water and fibre.

Water

Did you realise that about two-thirds of your body is water? Water is another essential substance that you need to
stay alive.
e Many of the chemical reactions that take place inside you use water.
* Your blood is 90 per cent water — the fluid part (plasma) is mostly water. Blood helps carry nutrients
within and between the cells of the body.
e Water is necessary for the excretory system as it helps the kidneys do their job because it dilutes toxic
substances and absorbs waste products so they may be transported out of the body.

You may be able to survive 40 days without food, but no more than 3 days without water.

How much water have you drunk today? Each day you lose water when breathing out (0.5 litres), sweating (0.5
litres) and urinating (1.5 litres). Have you replaced water that you have lost today? If you lose too much water,
you may become dehydrated. A dry throat and mouth and dark-coloured urine are signs of mild dehydration.
Figure 3.21 shows various colour changes in urine. The first three shades show a hydrated body. If you lose more
than 20 per cent of your body’s water volume, you could die!

dehydrated state in which too
much water has been lost from
the body
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FIGURE 3.21 Urine colour is a good indication of dehydration.

A Hydrated

Ideal

Good

Fair

Lightly dehydrated

Dehydrated

Very dehydrated

_ Severely dehydrated

If you drink a lot of water, more will be absorbed from your large intestine, and the kidneys will produce a
greater volume of dilute urine. If you do not consume enough liquid you will urinate less and produce more
concentrated urine.

DISCUSSION

Melbourne has had fluoride added to their drinking water since 1977. It is at a level to help prevent tooth decay
as it strengthens the tooth’s enamel. However, this addition of fluoride to our water supplies has caused much
controversy. Why do you think this topic was and still is controversial? Do we need fluoride in our water if we
consider all modern toothpastes contain fluoride anyway?

Fibre

Fibre is found in the walls of plant cells, such as fruits, vegetables, wholegrain breads and cereals, nuts and
seeds and is only partially broken down by your digestive system. Although it really does go ‘in one end and
out the other’, it serves a very useful purpose and is an essential part of your diet by providing bulk to your food,
allowing it to move properly through your intestines.

Without fibre, undigested food travels too slowly through the large intestine, losing too much water. The result
is difficulty in releasing the solid food waste from the body, a condition called constipation. Lack of fibre in the
diet can also lead to haemorrhoids (varicose veins around the anal passage, also known as piles), bowel cancer
and several other diseases.

Wholegrain products are higher in dietary fibre because they contain the outer covering, or bran, of the grain
(figure 3.23). When grains are highly processed, as they are in the production of white bread, white flour and
many breakfast cereals, the bran is removed so they have less fibre in them.

constipation a condition of the
bowels, caused by lack of dietary
fibre, in which solid wastes
cannot easily leave
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FIGURE 3.22 These foods contain fibre. FIGURE 3.23 A grain of wheat

Endosperm

S8 INVESTIGATION 3.1

eIog—Of;lé
Essential testing

Aim
To investigate the nutrients found in foods

Materials
e test-tube rack * tongs
® 4 test tubes e candle or Bunsen burner
* safety glasses ® matches
® glucose solution ® heatproof mat
e starch solution ® 0.01 M copper sulfate solution
® gelatine solution ® 1.00 M sodium hydroxide solution
e distilled water ¢ food samples such as potatoes, bread,
® jodine solution cheese, milk, pasta, egg white, apple,
® test-tube holder onion, spinach
® Benedict’s solution

Method

1. From your kitchen cupboards, select five foods to test. If they are solid, you may need to use a mortar
and pestle to grind them into a ‘mash’ with a small amount of water before testing.

2. Predict which of your food samples will contain starch, glucose and/or protein.

3. Create standards.
For each of the tests in this experiment, set up the four test tubes as shown below. After each test,
clean the test tubes by rinsing with water. Make sure a fresh sample of each liquid is used for each test.

Glucose Starch Gelatine Water
solution solution solution
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Test A: Starch test
4. Add two drops of iodine solution to each of the four test tubes. Observe any colour change and record

the results.

—\

s

) lodine
Glucose Starch Gelatine Water e
solution solution solution

Test B: Glucose test
5. Add four drops of Benedict’s solution to each of the four test tubes. Gently heat each test tube over a

Bunsen burner flame. Observe any colour change and record the results.

-~ \ 5.'?4--‘7»;:5

Benedict’s
solution
Glucose Starch Gelatine Water a \
solution solution solution

Test C: Protein test
6. Add ten drops of copper sulfate solution to each of the four test tubes. Then add five drops of sodium

hydroxide solution to each test tube. Observe any colour change and record the results.

CuSOy4 NaOH
10 5 Copper—
sulfate
solution
Glucose Starch Gelatine Water
solution solution solution Sodium —,_
hydroxide
solution

EXTENSION: Essential food tests
7. Using the three tests above, investigate the food samples for the presence of starch, glucose and
protein. (Note: Add only your food samples to these tests, not the glucose, starch or gelatine solutions.)

Results
Record the test results.

TABLE Results of investigation 3.1
Test results Water Glucose solution Starch solution Gelatine solution
Test A: Starch test

Test B: Glucose test

Test C: Protein test
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Discussion

L o

Conclusion

What can you conclude about the nutrients in the foods you tested?

Suggest why you set up standard tests and added the same volumes of solutions to each test tube.
Which foods contain two or more of the nutrients tested for?
Were your predictions supported by your results?
Comment on your overall findings.

If you were to do the food testing again, suggest how you might improve the procedure.

ACTIVITY: What’s in your kitchen cupboard?

In this activity you will investigate the nutrients found in packaged foods of your choosing.
1. Find ten food items in your kitchen that have the nutrients listed on the packaging.
2. Draw up a table like the one shown to summarise your findings.

TABLE Nutritional content of food samples Nutrients

Nutrients per 100 grams

Total

Protein carbohydrate Dietary
Name of food (9) (<)) fibre (g)
‘Light’n ‘tasty’ cereal 1540 8.7 3.1 71.3 23.6 . 225
Potato chips 2130 8.5 31.9 451 1.8 518
Apricot jam 1140 6.4 0.1 66.6 59.4 - 17
Barbecue-flavoured 2184 10.2 25.2 63.3 1.4 - 752
‘shapes’ biscuits
Multigrain corn thins 380 9.5 3.0 77.6 0.7 8.5 201

Questions

1. Which of the foods was highest in:

a. energy
b. protein
c. fibre

d. sodium?

2. Rank the foods in order from highest to lowest for:

a. fat
b. fibre
c. energy.

Are your results what you expected? Why?

3. The recommended daily fibre intake is 30—40 g. On the basis of your findings, put together a meal of

your packaged foods that would meet this requirement.

4. Draw a bar graph of your results for your foods and their fat content.
5. a. Compare your results with those of two other students.

b. How were they similar and how were they different?

c. Select foods from your group to put together a meal. Using the nutrient tables, calculate the amount

of each nutrient in your designed meal.

6. a. Suggest three questions that you could research on the topics of nutrients or packaging labels.
b. Collate the questions from the whole class and select one of these questions to research.

c. Report your findings back to the class.
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SCIENCE AS A HUMAN ENDEAVOUR: Careers in nutrition

Nutritionists and dietitians are two careers with a focus on nutrition. These careers may involve communication
of nutrition messages to individuals or to various groups within the community. These careers may be in private,
public or community health, in the food industry or in various types of research.

Clinical nutritionists may have face-to-face consultations and discussions with their clients about dietary changes
that may be required. While clinical nutritionists approach issues from a ‘nutrient’ perspective, dietitians may be
working in a hospital or private practice to advise their clients about food and lifestyle changes.

Dietitians provide advice to people diagnosed with diet-related diseases such as diabetes, coeliac disease, heart
disease and certain types of cancers.

Dietitians may also be involved in determining the appropriate food solution for patients who require a drip or
nasogastric tube (a tube that goes through the nose and down into the stomach).

assess[J)] Additional automatically marked question sets

3.3 Exercise learn(:]))

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,4,6,9,10 2,5,7,11,13 3,8,12,14,15
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Remember and understand

N =

Give two reasons why you need to eat.
g Identify which type of nutrient has a key role in providing the raw materials required for cell growth
and repair of damaged and worn-out tissue.

A. Carbohydrates B. Lipids C. Minerals D. Proteins
g Identify which type of nutrient is associated with enzymes, hormones and muscles.
A. Carbohydrates B. Minerals C. Proteins D. Vitamins

How do cells get the energy that they need?

. What are proteins made of?

. Why are they important?

. Explain why it is important to drink water.

. Describe the symptoms of dehydration.

. What is fibre?

. Why is it important to eat fibre even though the chemicals in it are not used by your body?
Fill in the following table:

ToO T O T

TABLE Source, importance and deficiency signs of vitamins

Nutrient Foods found in Importance Deficiency signs

Vitamin A

Vitamin C

Vitamin D

Vitamin K

Calcium

Iron

Magnesium

Zinc

Apply and analyse

9.
10.

11.

12.

Ev
13.

Suggest why pregnant women need more protein than other adults.
Milk and other dairy products are well known as good sources of calcium. Which nutrients would be
missing from the diet of someone whose food intake consisted mainly of dairy products?

Identify shared features for the following pairs:
a. carbohydrates and lipids b. cellulose and starch c. fats and oils
d. iron and potassium e. hormones and enzymes.

a. Which amino acids are required for the synthesis of dopamine and norepinephrine? Name some
foods that these are found in.
b. Which amino acid is important for the

. o
synthesis of serotonin? Name some Fibre content of different foods

foods that it can be found in. 7.0
aluate and create 6.0 — il
. il
[EB] The graph shows the fibre content of | " “
various foods. @ 5.0 (| ‘
a. What do the results in the graph g ‘ r $ ;
suggest? 2 404 I ‘
b. Find two foods in your pantry that have E J} J ‘
fibre content listed on their label. How ‘g 3.0 il
does their fibre content compare to the g IJ ‘
graph examples? S I j
c. What is the difference between i 2.0 i Il
wholemeal and wholegrain? 1o ‘m’ ‘
Il ———
\‘” i |
0 - T T - — 1
1 cup boiled 1 cup boiled 1 slice 1 slice
wholemeal white wholemeal white bread

spaghetti spaghetti bread

TOPIC 3 Systems working together

177



14. A high-carbohydrate meal can increase your brain’s tryptophan levels.

a. What effect might this have on your mood?

b. Which neurotransmitter(s) is/are likely to be involved?

c. At what time of the day would it be a good idea to have such a meal? Why?
15. A high-protein meal can raise tyrosine levels in your blood and brain.

a. What effect might this have on your mood?

b. Which neurotransmitter(s) is/are likely to be involved?

c. At which time of the day would it be a good idea to have such a meal? Why?

d. If tyrosine is also needed to make active thyroid hormones, what may result if there are insufficient

levels of this amino acid in your blood?

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

3.4 Digestive and excretory systems

LEARNING INTENTION

At the end of this subtopic you will understand the importance of the digestive and excretory organs and how

they are coordinated as interdependent systems for the health of our bodies.

3.4.1 The digestive system — In we go!

The key role of your digestive system is to supply your body with the nutrients it requires to function
effectively. It breaks down food into smaller particles, which are then absorbed into your tissues and cells. There

are two types of digestion:

e mechanical digestion — the physical breakdown of food; it begins in the
mouth as food is chewed

e chemical digestion — when food is broken down further into simpler
compounds or nutrients used by cells.

The pathway of the digestive and excretory system is summarised in figure 3.24.

Oesophagus Stomach — Large
intestine

3.4.2 Digestive organs — Down we go!
Mouth

The whole process of digestion starts with you taking food into your mouth.

FIGURE 3.24 Flow chart of digestion and excretion

e Chemical digestion of some of the carbohydrates begin in your mouth with
enzymes (such as amylases) in your saliva, which are secreted by your salivary
glands.

e Mechanical digestion, uses your teeth to physically break down the food then
your tongue rolls the food into a slimy, slippery ball-shape called a bolus.
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digestive system a complex
system of organs and glands
that processes food in order

to supply your body with the
nutrients to cells so they can
function effectively

mechanical digestion digestion
that uses physical factors such as
chewing with the teeth

chemical digestion the chemical
reactions changing food into
simpler substances that are
absorbed into the bloodstream
for use in other parts of the body

digestion breakdown of food
into a form that can be used
by an organism. It includes
both mechanical digestion and
chemical digestion.

enzymes special chemicals
that speed up reactions but are
themselves not used up in the
reaction

saliva watery substance in the
mouth that moistens food before
swallowing and contains enzymes
involved in the digestion of food
salivary glands glands in the
mouth that produce saliva

bolus round, chewed-up ball

of food made in the mouth that
makes swallowing easier



ewbk-4767

eles-2643

int-3398

Teeth. Used to bite and chew your food
to break it down into smaller pieces.

Mouth. Food and saliva are mixed; teeth

mechanically break food into smaller pieces.

Tongue. Involved in rolling food into a
round ball (bolus) that is then pushed

to the back of your mouth to be swallowed.

Gall bladder. Bile made in the liver is
stored here; bile breaks up fats into
droplets small enough to be transported
to the rest of the body.

Pancreas. Makes pancreatic juice, which
is alkaline (base dissolved in water) so it

neutralises the stomach acid. Enzymes that

break down proteins, fats and
carbohydrates are also made here.

Small intestine. A tube about 6 m long.
Food moves through it by peristalsis. The
small intestine makes enzymes that

complete the digestion process. The cells in

the wall of the small intestine release over 5
litres of mucus and water each day. It is in
the small intestine that nutrients from now
almost totally digested food are absorbed

into your bloodstream. The blood then carries

the nutrients to all of the cells of your body.

Appendix. Plays no part in digestion in
humans. However, it is believed to play
a role in fighting some diseases.

Anus. The faeces pass through here when
you go to the toilet.

Oesophagus to stomach

The bolus is then pushed through your oesophagus by muscular contractions
known as peristalsis. From here the bolus is transported to your stomach, which
secretes acids and enzymes for further digestion and then temporary storage.

FIGURE 3.26 The stomach is a large, hollow muscular organ.

FIGURE 3.25 The digestive system consists of many organs that work together to supply your body with the
nutrients it requires.

Salivary glands. Make about 1.5 litres of
saliva each day. Saliva contains enzymes
that begin breaking down starch in food.

Epiglottis. A flap of tissue closes off your
trachea (windpipe) so that food doesn’t
go down to your lungs and cause you to
choke.

Oesophagus. Also known as the food-
pipe or gullet. It carries the food to the
stomach, using involuntary muscular
contractions known as peristalsis.

Liver. The largest internal organ. It
makes bile, which breaks down fats;
controls blood sugar; destroys poisons;
and stores vitamin A, vitamin D and iron.

Stomach. A temporary food storage area,
which can expand to hold between 2 and
4 litres of food. Muscle movements in the
stomach wall mix the food with gastric
juice, which helps to break down proteins.
The stomach also contains dilute
hydrocholoric acid, which kills germs

and provides a suitable environment

for protein digestion.

Large intestine (colon). Undigested
material passes into the large intestine.
As the material is pushed through it by
peristalsis, water, salts, and vitamins
are absorbed so that they can be
reused by the body.

Rectum. The final part of the large
intestine. This is where the faeces
are stored.

oesophagus part of the digestive

system composed of a tube

connecting the mouth and
pharynx with the stomach

peristalsis the process

of pushing food along the
oesophagus or small intestine

by the action of muscles

stomach a large, hollow muscular
organ that digests the bolus and
secretes acids and enzymes for
further digestion and temporary

storage
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Stomach to small intestine

In your small intestine, more enzymes (including amylases, proteases and lipases) turn it into molecules that

can be absorbed into your body.

The absorption of these nutrient molecules in the small intestines has the following features:

e It occurs through finger-shaped villi in the small intestine (figure 3.27). Villi are shaped like fingers
to maximise surface area to increase the efficiency of nutrients being absorbed into the surrounding

capillaries.

e The absorption of most nutrients into your body occurs in the ileum, the last section of the small intestine.
e Once absorbed into the capillaries (of your circulatory system) these nutrients are transported to cells in the

body that need them.

e Undigested material continues on to the large intestine where water and vitamins may be removed.

Large intestine

All undigested food moves from the small intestine to the colon of the

FIGURE 3.27 The finger-like villi on its
walls give it a large surface area that
speeds up nutrient absorption.

small intestine the part of the
digestive system between the
stomach and large intestine,
where much of the digestion of
food and absorption of nutrients
takes place

absorption the taking in of a
substance; for example, from
the intestine to the surrounding
capillaries

villi tiny finger-like projections
from the wall of the intestine
that maximise the surface area
of the structure to increase the
efficiency of nutrient absorption.
Singular = villus

colon the part of the large
intestine where a food mass
passes from the small intestine,
and where water and other
remaining essential nutrients are
absorbed into your body

large intestine the penultimate
part of the digestive system,
where water is absorbed from
the waste before it is transported
out of the body

rectum the final section of the
digestive system, where waste
food matter is stored as faeces
before being excreted through the
anus

anus the final part of the digestive

system, through which faeces are
passed as waste

large intestine. It is here that water and any other required essential nutrients still remaining in the food mass
may be absorbed into your body. Vitamin D manufactured by bacteria living within this part of the digestive
system is also absorbed. Any undigested food, such as the cellulose cell walls of plants (which we refer to as

fibre) also accumulate here and add bulk to the undigested food mass.

The rectum is the final part of the large intestine and it is where faeces is stored before being excreted through

the anus as waste.
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Accessory digestive organs

Figure 3.25 shows all organs connected to form the digestive system. Other important organs involved in
digestion are:

e pancreas — produces enzymes such as lipases, amylases and proteases (which break down lipids,
carbohydrates and proteins respectively); these enzymes go into the small intestine to further chemically
digest food materials (figures 3.28 and figure 3.30)

e liver — is the largest internal organ with many functions; in digestion it produces bile that emulsifies lipids
such as fats and oils so they can be broken down by lipases, and it plays a large role in the excretory system
(see figure 3.29).

e gall bladder — is where bile is stored before it is released into the small intestine.

FIGURE 3.28 The pancreas produces enzymes FIGURE 3.29 The liver is a large organ that is like a
for digestion, and the gall bladder stores bile that chemical factory and very important for the body. It is
emulsifies lipids. part of both the digestive and excretory system.

Pancreas

Gallbladder

Gallbladder

pancreas a large gland in
the body that produces and
FIGURE 3.30 Different enzymes digest different secretes the hormone insulin
types of nutrients and an important digestive fluid
' containing enzymes

lipases enzymes that break fats
Di : and oils down into fatty acids and
igestive enzymes
glycerol

amylases enzymes in saliva that
types of break down starch into sugar
proteases enzymes that break
proteins down into amino acids

liver largest gland in the body.

The liver secretes bile for
diQGStion Of fats’ bu'lds prOteinS
from amino acids, breaks down

many substances harmful to
digest digest digest the body and has many other
essential functions.

: o gall bladder a small organ that
Carbohydrates Proteins Lipids stores and concentrates bile
within the body
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FIGURE 3.31 Digestion occurs within your digestive system in a systematic and organised manner.

SEUNEY

enzymes glands
in saliva

mechanical chemical
digestion digestion
Oesophagus
Liver
Gall bladder m pancreatic Pancreas

. enzymes
| bile Y

Small intestine
chemical
digestion

Large intestine

3.4.3 The excretory system — Out we go!

Your excretory system removes the waste products from a variety of necessary chemical reactions. It helps
maintain the proper amount of water, nutrients and salts needed by the body. The main organs involved in human
excretion are:

e skin — excretes salts and water as sweat
e kidneys — involved in excreting the unused waste products of chemical excretory system the body
. . . system that removes waste
reactions (for example, urea) and any other chemicals that may be in excess

. . L K s substances from the body
(including water) so that a balance within our blood is maintained skin external covering of an

e liver — is involved in breaking down toxins for excretion animal body
* lungs — excrete carbon dioxide (produced by cellular respiration) when you kidneys body organs that filter
breathe out. the blood, removing urea and
other wastes

Liver

Over a litre of blood passes through your liver each minute. Your liver is like a chemical factory, with more than
500 different functions. We have seen that it removes fats and oils from the blood and modifies them before
they are sent to the body’s fat deposits for storage. It also helps get rid of excess protein, which can form toxic
compounds dangerous to the body. The liver converts these waste products of protein reactions into urea, which
travels in the blood to the kidneys for excretion. It also changes other dangerous or poisonous substances so that
they are no longer harmful to the body. Your liver is an organ that you cannot live without.
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FIGURE 3.32 Flow chart showing your excretory organs and the wastes they excrete.

of

Old red

Excess amino acids from Excess
blood cells

protein reactions mineral salts

as as as
Mineral Bile
Urea ik bbbl bbbl ]
salts pigments
excretory excretory excretory
organ organ organ
) . Liver
Kidney Skin (and large intestine involved)
excreted excreted excreted
in in in
Urine Sweat Faeces

Kidneys

Carbon dioxide waste

from cellular respiration

as

Carbon
dioxide

excretory
organ

Lungs

excreted
in

Exhaled
air

Your kidneys play an important role in filtering your blood and keeping the concentration of various chemicals

and water within appropriate levels.

e Each of your kidneys is made up of about one million nephrons.

e Nephrons are tiny structures that filter your blood, removing waste products
and chemicals that may be in excess.

e Chemicals that are needed by your body are reabsorbed into capillaries
surrounding them.

e The fluid remaining in your nephrons at the end of its journey then travels
through to your bladder via your ureters for temporary storage until it is
released as urine.

nephrons the filtration and
excretory units of the kidney

bladder sac that stores urine

ureters tubes from each kidney
that carry urine to the bladder
urine yellowish liquid, produced
in the kidneys. It is mostly water
and contains waste products from
the blood such as urea, ammonia
and uric acid.
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FIGURE 3.33 a. Your kidneys have an important role in the excretion of wastes from your body. b. Diagram of a
nephron — each of your kidneys is made up of about a million nephrons.

a. Venacava Aorta

Kidney: filters
the blood and
produces urine

Renal
artery

Renal
vein
~—— Ureter:
transports
urine from
kidney to
bladder

Bladder:
stores urine

Urethra:
|<— transports urine
from blood to
outside body

M

b. Blood
without
waste

Proximal
Glomerulus convoluted Distal
Bowman’s tubule convoluted
capsule tubule
Collecting

duct

Loop of the
Nephron

N

Loop of Henle

Artery Vein

. Pyramid
Urine

3.4.4 Blood and urine

Both blood and urine are mostly made up of water. Water is very important because it assists in the transport of
nutrients within and between the cells of the body. It also helps the kidneys do their job because it dilutes toxic
substances and absorbs waste products so they may be transported out of the body.

The concentration of substances in the blood is influenced by the amount of water in it. If you drink a lot of
water, more will be absorbed from your large intestine, and the kidneys will produce a greater volume of dilute
urine. If you do not consume enough liquid, you will urinate less and produce more concentrated urine.
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3.4.5 Blood and carbon dioxide
Lungs

As described in section 3.2.3, your lungs remove carbon dioxide from your body through your respiratory
system. Did you know that your body is more sensitive to changes in levels of carbon dioxide than oxygen? If
there is too much carbon dioxide in your body, it dissolves in the liquid part of blood and forms an acid. The
resulting acidic blood can affect the functioning of your body.

The amount of carbon dioxide in your blood influences your breathing rate. The
level of carbon dioxide in the blood is detected by receptors in the walls of some :

. d in the brain. If the levels of carbon dioxide i blood i detect energy and convert it to
arteries an in the rain. If the levels of carbon dioxide in your blood increase, electrical energy that is sent to
your breathing rate will be increased so that carbon dioxide can be exhaled from the brain.
your lungs and passed out of your body.

receptors special cells that

If you were to climb up high on a mountain, you would need time for your body to adjust. Initially you would
feel tired and out of breath because you would be restricted by the limited amount of oxygen available to your
cells. Your breathing and heart rate would increase in an effort to get more oxygen around your body. In time,
your body would begin to produce more red blood cells and hence more haemoglobin. After this, your breathing
and heart rate would return to normal.

DISCUSSION FIGURE 3.34 Climbers on very high
mountains, such as Mount Everest,
may need to use oxygen stored in
tanks.

The amount of oxygen carried by haemoglobin varies with altitude.
At sea level, about 100 per cent of haemoglobin combines with
oxygen. However at an altitude of about 13 000 metres above sea
level, only about 50-60 per cent of the haemoglobin combines with
oxygen. This is why mountain climbers sometimes find it difficult to
breathe during a climb. What would you suggest they could do to
prepare themselves before they begin their climb?

3.4.6 Systems working together to provide your cells with energy

We know that cells need energy. Glucose is an example of a nutrient that may
be released from digested food. It is absorbed in your small intestine and then : LU
ken by th laries t s f . 1l irati A in th chemical reactions in which the

ta en by the capillaries to cells for use in cellular respiration. As we saw in the chemical energy in molecules

respiratory system (section 3.2.2), glucose is combined with oxygen, and is then such as glucose is transferred into

broken down into carbon dioxide (a waste product that needs to be removed from ATP molecules, which is a form of
. . . . . energy that the cells can use

the cell) and water. During this reaction, energy in the form of ATP (adenosine

triphosphate) is also released. ATP provides the cells with the energy needed to

perform many of its activities and is essential to life.

cellular respiration a series of

Cellular respiration:
Glucose + oxygen — carbon dioxide + water + energy (ATP)
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This is an example of systems working together. Glucose is supplied via the digestive system and oxygen is
supplied via the respiratory system. The circulatory system transports nutrients (such as glucose) and oxygen

to your cells and removes wastes (such as carbon dioxide) from your cells. These wastes are then removed from
your body by your excretory systems. Without a supply of glucose and oxygen, cellular respiration could not
occur. Without removal of wastes, your cells may die. If your systems did not work together like they do, you
would not be able to stay alive.

.° 1 Resources
' eWorkbooks The digestive system (ewbk-4769)

Removing waste from the blood (ewbk-4773)

assessm Additional automatically marked question sets

3.4 Exercise learn[:]})

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.

Select your pathway

LEVEL 1 LEVEL 2 LEVEL 3
Questions Questions Questions
1,2,3,4,11,14,17, 20 5,6,7,12, 15, 18, 21 8,9, 10, 13, 16, 19, 22

Remember and understand

1. Fill in the blanks to complete the sentence. Digestion involves the breaking L’\
down of food so that the it contains can be absorbed into \
your and carried to in your \

2. Place the following organs in the correct order.

A. Anus
B. Large intestine
C. Mouth

D. Oesophagus
E. Small Intestine
F. Stomach
3. [l Identify the name given to the slimy, slippery ball-shape your tongue
rolls food into.
A. Bile
B. Bolus
C. Peristalsis
D. Villi
4. [[IF Identify the name given to the muscular contractions that push food through the oesophagus to
the stomach.
A. Bile
B. Bolus
C. Peristalsis
D. Villi
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5. 14 In which part of the digestive system does most of the absorption of nutrients occur?
A. Large intestine
B. Mouth
C. Small intestine
D. Stomach
6. Match the organs of the digestive system with their function.

Organ Function

a. Gall bladder A. Stores faeces

b. Large intestine B. Makes enzymes used in the small intestine

c. Liver C. Temporary storage of food and where protein digestion begins

d. Oesophagus D. Where the breakdown of starch and protein is finished and fat
breakdown occurs

e. Pancreas E. Tube that takes food to the stomach

f. Rectum F. Stores undigested food and waste while bacteria make some
vitamins

g. Small intestine G. Stores bile until needed by the small intestine

h. Stomach H. Makes bile, stores glycogen and breaks down toxins

7. Match the organs of the excretory system with their function

a. Bladder A. Watery fluid produced by kidneys thatb contains unwanted
substances

b. Kidney B. When urine moves from the bladder, through the urethra and out
of the body

c. Ureter C. Transports urine from bladder to outside body

d. Urethra D. Fitters the blood and produces urine

e. Urination E. Stores urine

f. Urine F. Transports urine from kidneys to bladder

8. Identify examples of types of enzymes involved in the digestion of:
a. carbohydrates
b. proteins
c. lipids.
9. Explain why the villi in the small intestine are the shape that they are.
10. Outline a way in which the liver is involved in digestion.
11. Identify the part of the digestive system in which water is absorbed into your body.
12. |s cellulose digested? What happens to it?
13. a. Define the term excretion.
b. List examples of organs that are involved in human excretion.

Apply and analyse

14. Describe what happens when you drink a lot of water.
15. Suggest reasons why you can’t live without your liver.
16. Identify the name given to the:
a. tiny structures that make up the kidney
b. fluid that travels from your kidneys to your bladder for excretion.
17. Suggest why a supply of water is important to your cells.
18. Construct flow charts to show the route travelled:
a. by nutrients (for example, glucose) as they are absorbed into your body
b. by undigested food material travelling from your mouth to your anus.
c. by water in the renal artery, through the nephron to the urethra.
19. Is your body more sensitive to changes in carbon dioxide or oxygen levels? Explain.
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Evaluate and create

20. Use Venn diagrams to compare:
a. the digestive system and excretory system
b. the small intestine and large intestine
c. ingestion and egestion
d. proteases and lipases
e. cellulose and glucose
f. bile and enzymes
g. ureter and urethra
h. nephron and villi
i. the digestive system and respiratory system
j- the excretory system and circulatory system.

21. m Use the table and the other information in this subtopic to answer the following questions.
a. Draw two bar graphs to show the quantity of water, proteins, glucose, salt and urea in blood and
in urine.
b. Which substance is in the greatest quantity? Suggest a reason for this.
c. Which substances are found only in blood?
d. Which substances are found in urine in a greater quantity than in blood? Suggest a reason for this.
e. When would the amount of these substances in the urine become greater or less than in the blood?

TABLE Substances in blood and urine as a percentage of total

Quantity (%)
Substance In blood m
Water 92 95
Proteins 7 0
Glucose 0.1 0
Chloride (salt) 0.37 0.6
Urea 0.03 2

22, m An investigation is being conducted to explore how the function of the circulatory and excretory
systems change during exercise.
a. Write a suitable aim for this investigation.
b. Identify the hypothesis for this investigation.
c. Describe one piece of numerical (quantitative) data and one piece of visual (qualitative) data that can
be collected.
d. Explain two factors that may lead to differences in results between different students.
e. Write a clear methodology for this investigation, with an explanation of how you will collect results
f. Which other body systems are needed to maintain a healthy body during exercise?

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

3.5 Living warehouses

LEARNING INTENTION

At the end of this subtopic you will be able to describe how the body controls blood glucose levels to provide
enough energy for cellular respiration and how this process can breakdown, and how different foods can be used
by the body.

3.5.1 Living warehouses

It can be confusing trying to figure out what a healthy diet is when you are bombarded by so many different
fad diets! Many of these diets eliminate whole food groups and may put you at risk of developing a nutritional
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deficiency. Knowing how your body stores and uses energy — like a living warehouse — may help you to weigh

up the risks and benefits of these ‘wonder diets’.

To function effectively, your body needs energy. We gain energy from the foods that we eat. The amount of

energy stored in this food is measured in kilojoules (kJ) or calories.

The amount of energy that you need depends on how big and active you are, how quickly you are growing and

how fast your body uses it.

FIGURE 3.35 To maintain a healthy weight, it is important to balance your energy intake with the energy you use.

Maintain weight

Gain weight

Lose weight

Energy intake Energy used

3.5.2 Balancing blood glucose

Your cells need glucose to use in the process of cellular respiration to make ATP (adenosine triphosphate)
molecules. ATP is used by cells in reactions that require energy. This glucose is obtained from the food that you
eat. Glucose molecules are transported in blood in your circulatory system to cells throughout your body.

If you have high levels of glucose in your blood:

e Special cells in your pancreas detect this and release insulin into your
bloodstream.

e Target cells in your muscles and liver receive this chemical message
and glucose is taken out of the blood and converted into the storage
polysaccharide glycogen.

If the levels of blood glucose are too low:

e Another hormone, glucagon, is released by the pancreas.

¢ Glucagon triggers the breaking down of glycogen into the monosaccharide
glucose. This is how the glucose levels in the blood can be kept within a
narrow range.

ATP molecule used by cells in
chemical reactions that require
energy. ATP is a product of
cellular respiration.

insulin hormone that removes
glucose from the blood and
stores it as glycogen in the liver
and muscles

glycogen the main storage
carbohydrate in animals,
converted from glucose by the
liver and stored in the liver and
muscle tissue

glucagon a hormone, produced
by the pancreas, that increases
blood glucose levels
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FIGURE 3.36 The hormones insulin and glucagon are secreted by the pancreas to control glucose levels in
your blood.

b Pancreas secretes-

|nsu||n \

a Glucose insulin '€ Blood
level rises abo glucose
glven pomt level falls.
high
Blood glucose
level balanced.
f Blood - d Glucose
glucose level falls below
Ievel rises. given point.
e Pa-ncreas secretes
glucagon.
CASE STUDY: Diabetes FIGURE 3.37 People with
Diabetes mellitus is an endocrine disorder. Features of diabetes include: diabetes may need to inject
* |tis caused by a deficiency of insulin or a loss of response to insulin to control their blood
insulin in target cells (such as those in liver and muscle tissue). glucose levels.
® Deficiency or loss of response to insulin results in high blood —

glucose levels.
® Glucose levels can become so high that it is excreted by your
kidneys and hence found in urine. Glucose in urine is one of the
tests that are indicative of diabetes.
® The higher the glucose levels, the more water will be excreted with
it. This results in the loss of large volumes of urine, which leads
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