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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 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 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
: —_— [r—
= % - L3 .
= =
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
~.. An online Practical Science inquiry activity to encourage

investigation eLogbook is creative thinking, collaboration,
available for customisation problem solving and scientific
and printing. communication

All topics start with
an Overview, which

includes a pre-test
to gauge students’
readiness to begin

e
L*. 1) Resources
OnResources
feature boxes .4 E
provide guidance ol « ool
about additional 01

resources online. .

+ s 250 L e oot

,‘ e
LA e Support is

: = HEr e e 8 provided for
Topics begin picemecriot i ey students in
with open-ended : ey e e designing and
inquiry questions ot conducting
to spark students® § P s v e e investigations
curiosity about to inspire their
the subject. s S curiousity.
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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 within
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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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.

L P

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
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 H Q
create their own course SCIence ueSt

e the ability to connect students and teachers in a class group ;?c’g,?.;“é‘of,‘fg,’j'm”“

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 learnON
Results page ==y

e the ability to send important documents to the class

e formative and summative assessments.

learn[:]}

SELECT FORMAT g

xii 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.

Science Quest

ACCESS ALL OF YOUR ONLINE RESOURCES
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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.

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

document 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!

]

INVESTIGATION 6.1
Investigating the prop:
liquids and gases

TEACHER LABORATORY

-

INVESTIGATION 6.2
Ranking substances

TEACHER LABORATORY

shaped solid

E———

INVESTIGATION 6.3
Measuring the volume]

TEACHER LABORATOR

SCIENCE QUEST

@

GRADME LOFTN | WEERN | (VRGN

PRACTICAL INVESTIGATION
eLOGBOOK

FOR IACARANDA

VCTORAN SR | ST ETITC

P

——

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.

xiv 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

Although science is a body of knowledge, it is also a way of solving problems and finding the answers to
questions. Scientific knowledge is always growing and changing because scientists design and perform new
investigations.

Observing, measuring, constructing tables, drawing graphs and forming conclusions are just some of the skills
used in conducting scientific investigations.

FIGURE 1.1 Scientific investigation drives scientific progress.
- .

1.1.2 Think about science

What is the connection between a pendulum, a playground swing and a metronome?
Why are graphs useful to scientists?

How do you start your own scientific investigation?

What do the letters CSIRO stand for?

pON=
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1.1.3 Science inquiry

Researching the CSIRO

1.
2.

What is the CSIRO?

The CSIRO’s website describes some of the research done by CSIRO scientists. Australia has a
significant role in scientific research; we are world leaders in many different research areas. Read the
information provided for one area of research that the CSIRO is involved with and summarise this

research in point form.

Form groups of three. Explain to the other two students the area of research you have just read about.

Try doing this without referring to your notes.

Resources

Weblink CSIRO

INVESTIGATION 1.1

Milk now or later?

You have just finished making yourself a cup of coffee when the phone rings. For your coffee to stay as warm as
possible, should you add the milk now or after you have finished talking on the phone? Does your answer depend
on the length of the phone call?

Aim

To compare the rate of cooling of hot coffee with and without the addition of milk

Materials

kettle

2 identical cups

instant coffee

milk

2 thermometers or a data logger with 2 temperature
probes

® 2 measuring cylinders

Method

s

2.
3.

Your teacher will assign a particular length of ‘phone call’
time to each group of students.

Make a hypothesis about this investigation.

Heat some water in a kettle and use it to make two

cups of instant coffee. Use the same type of cup and

the same amount of hot water and coffee powder.

Place a thermometer or temperature probe in each cup
of coffee. If you are using a data logger, set it to collect
results for at least 10 minutes.

Add 40 mL of milk to one of the cups.

If you are using thermometers, record the temperature

of the coffee in both cups every 30 seconds.

After your phone call time has passed, add 40 mL milk to
the second cup.

Continue measuring the temperature in both cups every
30 seconds until 10 minutes has passed since you added
the milk to the second cup.

A data logger can be used for this
investigation.

TOPIC 1 Investigating science 3



Results
1. If you used thermometers, record your results in a table.

TABLE Results of investigation 1.1

I Temporature (0
Milk added at time 0 Milk added after ‘phone call’

0.0
0.5
1.0
1.5

2. Plot line graphs of your results on the same set of axes. Put time on the horizontal axis and
temperature on the vertical axis.

3. If you used a data logger, a graph is plotted automatically. If necessary, adjust the settings so that the
graph shows the temperatures measured by both probes on the same set of axes. Put the graph into
the results section of your experiment report.

4. Was you hypothesis correct? Explain you results.

Discussion

1. Does hot coffee cool faster than warm coffee? How can you tell from your graph?

2. Did the two lines on the graph cross at any stage? What does this indicate?

3. Does the length of the ‘phone call’ affect the results? Compare your graphs with those of other groups.

4. Why was it important to put exactly the same amount of water in both cups and to use the same type
of cup?

5. What are the advantages and disadvantages of using a data logger for this experiment?

6. Explain how this experiment could be improved.

7. How could this experiment lead to further experiments?

Conclusion
Write a conclusion for this investigation.

Resources

eWorkbooks Topic 1 eWorkbook (ewbk-4961)
Student learning matrix (ewbk-4963)
Starter activity (ewbk-4964)

Practical investigation eLogbook Topic 1 Practical investigation eLogbook (elog-0592)

Ie arn Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.
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1.2 Investigating skills

LEARNING INTENTION

At the end of this subtopic you will understand that you need to take into consideration all aspects of fair testing,
available equipment and safe investigation when planning investigations.

1.2.1 Safety rules

Conducting scientific investigations in a laboratory can be exciting, but accidents can happen if experiments
are not carried out carefully. There are general rules that must be followed for your own safety and the safety
of others, but there may be more for your school laboratory.

ALWAYS. ..

¢ follow the teacher’s instructions

* wear safety glasses and a laboratory coat or apron, and tie back long
hair when mixing or heating substances

® point test tubes away from your eyes and away from your fellow
students

® push chairs in and keep walkways clear

inform your teacher if you break equipment, spill chemicals, or cut or

burn yourself

wait until hot equipment has cooled before putting it away

clean your workspace — don’t leave any equipment on the bench

dispose of waste as instructed by your teacher

wash your hands thoroughly after handling any substances in the

laboratory.

NEVER. ..

enter the laboratory without your teacher’s permission

run or push in the laboratory

eat or drink in the laboratory

smell or taste chemicals unless your teacher says it’s OK. When you
do need to smell substances, fan the odour to your nose with your
hand.

® leave an experiment unattended

conduct your own experiments without the teacher’s approval

put solid materials down the sink

pour hazardous chemicals down the sink (check with your teacher)
put hot objects or broken glass in the bin.

Using GQUipment Safely filter funnel used with filter paper

e Use a filter funnel when pouring from a bottle or container without a lip. to separate solids from liquids

e Never put wooden test-tube holder.s near a flame. . R e e
e Always turn the tap on before putting a beaker, test tube or measuring test tube thin glass container for
cylinder under the stream of water. holding, heating or mixing small
¢ Remember that most objects get very hot when exposed to heat or a naked amounts of substances
flame measuring cylinder used to

. measure volumes of liquids
* Do not use tongs to lift or move beakers. accurately

beaker container for mixing or

TOPIC 1 Investigating science 5
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1.2.2 Working with dangerous chemicals

Your teacher will tell you how to handle the chemicals in each experiment. At times, you may come across
warning labels on the substances you use.

e Always wear gloves and safety glasses when using chemicals with the

‘Corrosive’” symbol. Corrosive substances can cause severe damage to skin and safety glasses plastic glasses
Acid i le of . b used to protect the eyes during

eyes. Acid is an example of a corrosive su stance. SRETaS

* Flammable substances are easily set on fire, so keep them away from flames. e deserlhes & ahaiiesl
Ethanol is flammable. that wears away the surface of

e Chemicals with the “Toxic’ label can cause death or serious injury if swallowed sulbmiiness, el ek
or inhaled. They are also dangerous when touched without gloves because they flammable describes substances

. . . such as methylated spirits that
can be absorbed by the skin. Mercury is a toxic substance. burn easily

toxic describes chemicals that
are dangerous to touch, inhale or
swallow

FIGURE 1.2 Examples of warning labels

M\

CORROSIVE
8

1.2.3 Heating substances

Many experiments that you will conduct in the laboratory require heating. In school laboratories, heating is
usually done with a Bunsen burner. A Bunsen burner provides heat when a mixture of air and gas is lit.

Bunsen burners heat objects or liquids with a naked flame. Always tie hair back, and wear safety glasses and a
laboratory coat or apron when using a Bunsen burner.

A GUIDE TO USING THE BUNSEN BURNER

Place the Bunsen burner on a heatproof mat.

Check that the gas tap is in the ‘off’ position.

Connect the rubber hose to the gas tap.

Close the airhole of the Bunsen burner collar.

Light a match and hold it a few centimetres above the

barrel.

Turn on the gas tap and a yellow flame will appear.

7. Adjust the flame by moving the collar until the airhole is
open and a blue flame appears.

8. Remember to close the collar to return the flame to

yellow when the Bunsen burner is not in use.

/ Barrel

Gas hose

aroN2

2

Collar

N

Airhole (gas jet inside)

Base
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FIGURE 1.3 A brief flowchart showing the main steps of using a Bunsen burner

Hold lighted

CETIoEs Close air Turn gas Once lit
host to — —_— match —_— 9 _— )
hole tap on open air hole
gas tap above burner

Heating containers

There are a number of pieces of equipment you will need in the laboratory when using a Bunsen burner for
heating; these are shown in figure 1.4. Beakers and evaporating dishes can be placed straight onto a gauze mat
for heating. Never look directly into a container while it is being heated. Wait until the equipment has cooled
properly before handling it. Never heat an empty container as it is likely to shatter or melt.

FIGURE 1.4 How to heat containers and test tubes over a Bunsen burner

Use a gauze mat Gauze mat
over a tripod to
hold containers
over a Bunsen
burner flame.

— Bunsen burner

Beaker

k"

5
| «—Tripod

ihalbatad

Heatproof mat Evaporating dish

Heating a test tube

Tripods and gauze mats are not used when heating test tubes. Hold the test tube with a test-tube holder. Keep the
base of the test tube above the flame. Make sure that the test tube points away from you and other students.

Resources

2 Weblink Robert Bunsen

1.2.4 Glassware

Pouring a liquid into a test tube

Pour liquids carefully into the test tube from a beaker or measuring cylinder. Use a filter funnel when pouring
from bottles or containers without a lip.

TOPIC 1 Investigating science 7



FIGURE 1.5 Pouring a liquid into a test tube

Stand the test tube
in a test-tube rack.

Use heatproof mats
under all equipment.

Shaklng a test tube FIGURE 1.6 Two correct ways
There are two ways to shake substances in a test tube (figure 1.6). to shake a test tube

Method 1

Hold the top of the test tube and gently move its base in a sideways
direction. This method is good to use with non-hazardous substances that
do not need to be shaken vigorously. This is the method you will use most
of the time.

Method 2

Use a stopper when a substance needs to be mixed by shaking vigorously.
Place an appropriately sized stopper into the mouth of the test tube. With
your thumb over the stopper and your hand securely around the test tube,
shake the test tube with an up and down motion. Shake a test tube in this way
only if instructed to do so by the teacher.

1.2.5 Using electricity safely

Electrical equipment in the science laboratory should be used with great
care, just as it should be in the home or workplace.

Never:
e place heavy electrical appliances near the edge of a bench or table
e allow water near electrical cords, plugs or power points
e place objects other than the correct electrical plug into a power point
¢ use appliances with damaged cords or exposed wires.

8 Jacaranda Science Quest 8 Victorian Curriculum Second Edition



1.2.6 Precise measurements

Precision is the degree to which repeated measurements produce the same result.

It tells us how close a series of measurements are to each other, as can be seen in
figure 1.7. The degree of precision of the measurements taken in an experiment
depends on the instruments that have been used. If you want to measure the length
of your classroom, you could use a trundle wheel with marks every 10 cm, or you
could use a tape measure marked in millimetres. The tape measure would provide
the most precise measurement. Similarly, to measure 100 mL water, you could use a
measuring cylinder that is graduated in millilitres or you could use a measuring cup
that is marked every 100 mL. The measuring cylinder would provide a more precise
measurement than the cup. A set of scales that measures mass to two decimal places
is more precise than one that measures mass to one decimal place.

1.2.7 Accurate results

Accuracy is different to precision. Accurate results are close to the actual value,
as can be seen in figure 1.7. A small measuring cylinder can provide a reasonably
precise measurement of a volume of water but, if it is not read at eye level, the
measurement may not be accurate. A set of bathroom scales might display a
reading with 2 decimal places but, if you use it on carpeted floor, it may not
provide an accurate measurement of your mass if it is designed to be used on

a hard floor. To ensure that your results are accurate you should use measuring
instruments correctly and in some instances itmay be necessary to calibrate the
instruments. To calibrate a set of scales, for example, you could place an object
that has a mass of exactly 100.00 g on the scale and adjust the scale until it reads
exactly 100.00 g.

Resources

Interactivity

eWorkbooks

Using equipment (int-0200)

Safety in the laboratory (ewbk-4947)
Safety rules (ewbk-4948)

assessm Additional automatically marked question sets

1.2 Exercise

FIGURE 1.7
Precision and
accuracy can be
visualised on a target.

QO

Not accurate ~ Accurate
Not precise  Not precise

0©

Not accurate ~ Accurate
Precise Precise

precision how close multiple
measurements of the same
investigation are to each other
accuracy how close an
experimental measurement is
to a known value

calibrate to check or adjust a
measuring instrument to ensure
accurate measurements

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
1,3,5,10 2,6,8 4,7,9

TOPIC 1 Investigating science 9



Remember and understand

1. & How should a substance in a test tube be shaken if you are not instructed to shake it vigorously?
A. Hold the top of the test tube firmly and gently move the base of the test tube in a sideways direction.
B. Hold the test tube in the middle and move the test tube up and down.
C. Place a stopper on the test tube so the substance does not fall out and shake hard.
D. Place a stopper on the test tube and tip the test tube up and down.
2. 14 Which TWO of the following are dangers in the science laboratory?
A. Using an electronic balance to measure the mass of a substance before cleaning up some spilled
water on the bench next to it
B. Listening carefully to instructions
C. Wearing safety glasses while entering the laboratory
D. Not wearing safety glasses while heating a liquid in a beaker
3. Place the following steps in order to show how to heat substances in a test tube safely.
a. Ensure safety glasses and laboratory coats are worn.
b. Hold the test tube over the flame with the open end pointing away from people’s faces.
c. Check there is a heatproof mat below the Bunsen burner.
d. Light the Bunsen burner correctly.
e. Move the base of the test tube gently in and out of the blue flame to heat the substance.
4. Methylated spirits is a flammable liquid. Explain what this means.
5. You should always wear gloves when working with corrosive and/or toxic substances. True or false?

Apply and analyse

6. 9 Which of the following is a safety precaution that must be followed in a scientific laboratory?
A. Dispose of solid materials down the sink.
B. Make sure the gas tap is in the ‘on’ position when turning on the Bunsen burner.
C. Use tongs to lift and move beakers.
D. Long hair should be tied back when heating or mixing substances in the laboratory.
7. IId Why should a test tube be standing in a test-tube rack when you are pouring a liquid into it?
A. A test-tube rack is more stable, so spills are less likely to occur.
B. A test-tube rack is more stable, so spills are more likely to occur.
C. So the test tube can be labelled.
D. So the test tube does not burn you.
8. Three students weighed a standard mass of 10.0 g using the same balance. They all returned a result
of 12.4 g. Based on these results, describe the balance used in terms of its accuracy and its precision.

Evaluate and create

9. Create a six-step flowchart to illustrate the correct method for lighting a Bunsen burner.
10. Which one safety rule do you feel is the most important when you are mixing two liquids and heating
them? Create a poster to illustrate the rule.

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

1.3 SkillBuilder — Using a Bunsen burner

only

Many experiments in the laboratory require heating using a Bunsen burner. A Bunsen burner provides heat when
a mixture of air and gas is lit. Bunsen burners heat objects or liquids with a naked flame, and therefore there are
precautions that must be taken to ensure the safe usage of a Bunsen burner.

Select your learnON format to access:
an overview of the skill and its application in science (Tell me)
a video 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

Video eLesson Using a Bunsen burner (eles-4154)
Interactivity = Using a Bunsen burner (int-8088)

eWorkbook SkillBuilder — Using a Bunsen burner (ewbk-4622)

1.4 Planning your own investigation

LEARNING INTENTION

At the end of this subtopic you will know why it is important to have a valid aim and hypothesis.

1.4.1 Starting your own investigation

Scientists learn new things by asking questions and then conducting

investigations to find answers. You will take on the role of a scientist

FIGURE 1.8 Discuss your ideas
with others.

by planning an investigation of your own.

Before you define your question in detail, you need to find a topic that
interests you. Selecting your topic is the first step and one of the most
crucial parts in conducting your research project.

1.

. Do you have a friend or relative who might be able to help you in

. Discuss the possible research topics you have already written

Start by searching for a general area of interest. List your hobbies
and other interests.

a scientific investigation? Write down the topic areas in which you
could get help.

down with a group of fellow students. Listen carefully to their
ideas. They might help you to decide on your own topic. Write
down your ideas.

. Have a look through the list of ideas below. Even if none of the suggested topics appeals to you, they may

help you to think of other ideas. For example, ‘How strong is sticky tape?’ could lead you to consider topics
such as the strength of glass, wood, paper, plastics or some other material. Brainstorm possible topics with
your friends and make your own list of suggested investigations.

. Search online or in a library for resources about the topic areas that you have already written down. You

might also find journals or magazines that include articles about these topic areas. Use reliable websites and
do not rely on just one source.

ACTIVITY: Brainstorm ideas for investigation topics

How do fertilisers affect the growth of plants?

Can plants grow without soil?

What makes algae grow in an aquarium?

What is the best shape for a boomerang?

What type of wood gives off the most heat while burning?
What makes iron rust?

Which paint weathers best?

Which battery lasts longest?

How strong is sticky tape?

Which type of glue is best?
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How much weight can a plastic bag hold?

Which food wrap keeps food freshest?

How effective are pre-wash stain removers?

Which fabrics burn faster?

How can the growth of mould on fruit be slowed down?
Which concrete mixture is strongest?

What type of fishing line is the strongest?

Does the thickness of a rubber band affect how far it stretches?
What type of paper aeroplane flies furthest?

What is the best recipe for soap bubble mixture?

Do tall people jump higher and further than short people?
What type of fabric keeps you warmest in winter?

1.4.2 Writing an aim

Your investigation should have a clear and realistic aim. Your aim should be very specific. The aim of an
investigation is its purpose, or the reason for doing it. Some examples of aims are:

e to find out how the weight and shape of paper aeroplanes affects how far they fly

¢ to compare the effect of different fertilisers on the growth of pea plants

¢ to find out whether different coloured lights affect the growth of algae in an aquarium

e to find out how exposing iron to salty water affects how quickly it rusts.

“To find out if the weight of paper planes makes them fly better’ is not a suitable aim because ‘fly better’ has
not been defined. ‘Fly better’ could mean fly further, fly in a straighter line or stay in the air longer. A better aim
would be “To find out how the weight of paper planes affects their flight distance and time in the air’.

When you have decided what your aim is, make sure that it is realistic. You should be able to answer ‘yes’ to
each question below.
e Is my aim simple and clear?
Will I be able to get the background information that I need?
¢ Is the equipment I need for my experiments available or can it be made?
¢ Is the question a safe one to investigate?

o . . . hypothesis a suggested, testable
If you answer ‘no’ to any of these questions you need to rethink your aim. explanation for observations or

experimental results; it acts as a

1.4.3 Forming a hypothesis

A hypothesis is a sensible guess about the outcome of an experiment; FIGURE 1.9 Will nylon be

it must be able to be supported by evidence. Your hypothesis should SR e S S e
relate to your aim and should be testable with an experimental experience might help you form
investigation. The results of your investigation will either support a hypothesis.

(agree with) or not support (disagree with or refute) the hypothesis. It is
not possible to prove conclusively that a hypothesis is correct.

When scientists make a hypothesis, they usually carry out a number of
experiments to test it. Sometimes, a number of teams of scientists test
the same hypothesis with slightly different experiments. Even if the
results of each experiment agree with the hypothesis, the scientists
could never say that the hypothesis is proven to be correct. They
would say that each experiment has provided further evidence to
support the hypothesis.

Your hypothesis should be based on what you know about the topic
or what you have already observed. For example, if you are trying to
design the best parachute for a toy, you should read about parachutes
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before writing your hypothesis. You might also recall that when you are walking in the rain, a cotton T-shirt
soaks up a lot of water and becomes heavy, whereas a nylon jacket does not soak up water. As a result, your
hypothesis might be: ‘Closely woven nylon is a better fabric to use for a parachute than loosely woven cotton’.

A statement that cannot be tested with a scientific experiment is not a suitable hypothesis. You will explore
hypotheses in more depth in the subtopics 1.5 SkillBuilder — Writing an aim and forming a hypothesis, 1.7
Controlling variables and 1.8 SkillBuilder — Controlled, dependent and independent variables.

TABLE 1.1 Examples of how problems and observations can lead to hypotheses

The television remote control If | press the ‘on’ button on the If the batteries are flat then the
doesn’t work. remote control, the television remote control will not work.
doesn’t come on.
My hair is sometimes dry and frizzy. | My hair is driest soon after If I wash my hair with Mum’s
washing it with Mum’s shampoo. shampoo my hair becomes dry.
No parrots come to our bird feeder. There is bread in the bird feeder, If | feed birds bread then parrots
and magpies and miner birds will not eat it.
feed there.

1.4.4 Ethical considerations

Some research problems may not be appropriate to investigate due to ethical considerations. Ethics have to do
with what is considered to be right and wrong. Different groups in society have varying opinions about certain
types of research. While many people accept that testing medicines on animals is necessary, others feel very
strongly that no research should be carried out on animals. Scientists involved in medical research are often
required to have their research proposals reviewed by an ethics committee. The potential benefits of the research
are taken into consideration. In your investigations, you should not do research that has the potential to cause
stress or harm to people or animals. Your research should not be upsetting to people. This is particularly relevant
if your research involves a survey.

1.4.5 Working in groups

Working in groups has many advantages. You can divide up a task to get more work done in a short period of
time. Each group member brings along their interests, expertise and skills and, if these are used effectively,
the quality of the work produced will be increased. When doing practical work, each team member can have a
different role so that the task can be carried out efficiently.

Group work also has some pitfalls. Resentment builds up when the work is not divided up fairly. Group
members might have different ideas about the best way to carry out the project and waste time trying to come
to an agreement. An effective way to avoid some of these pitfalls is to assign each group member a role at the
start of the project. Think about each group member’s skills and decide on roles accordingly.

Resources

eWorkbook Observations and inferences (ewbk-4949)

assessm Additional automatically marked question sets
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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 3,4,6 57

Remember and understand

1. & Which four of the following questions should you ask about your aim before it is final?
. Is my aim simple and clear?
. Will I be able to get the background information that | need?
. Is my aim interesting enough?
. Is the equipment | need for my experiment available or can it be made?
. Is my aim too simple?
Is the question a safe one to investigate?
. Is my aim too long?
2. [I4 What does the term hypothesis mean?
A. A question you test with an experiment
B. A sensible guess about the outcome of an experiment based on what you know
C. An observation you make during the experiment that may support the aim
D. Research you undertake before commencing an experiment
3. How can you test a hypothesis?

OMMmMOoOO W >

Apply and analyse

4. [II9 Which of the following is a more suitable
aim for an investigation about glue rather than
“To find out which glue is best’?

A. To find out which brand of glue is the
cheapest when gluing paper

B. To find out which brand of glue takes the N
longest time to dry 2

C. To find out which brand of glue is the A
strongest when gluing paper !

D. To find out which brand of glue is colourless -

when dry

5. [IId Which four of the following would be the most suitable hypotheses?
. White chocolate tastes better than dark chocolate.
. Washing powder X removes tomato sauce stains faster than washing powder Y.
. Plants grow faster under red light than under green light.
. Sagittarians are nicer people than Leos.
. Playing video games increases the muscle strength in your thumbs.

Science teachers perform better in 1Q tests than English teachers.
. Science teachers are more interesting people than English teachers.

OMMmMOoOO W >

14 Jacaranda Science Quest 8 Victorian Curriculum Second Edition



6. Consider the following table.

TABLE Examples of how problems and observations can lead to hypotheses

Problem

The television remote control
doesn’t work.

Observation

If | press the ‘on’ button on the
remote control, the television
doesn’t come on.

Hypothesis

If the batteries are flat then the
remote control will not work.

My hair is sometimes dry and frizzy.

My hair is driest soon after
washing it with Mum’s shampoo.

If | wash my hair with Mum’s
shampoo my hair becomes dry.

No parrots come to our bird feeder.

There is bread in the bird feeder,
and magpies and miner birds feed

If | feed birds bread then parrots
will not eat it.

there.

[ER) Describe how you could test each of the three hypotheses.
Evaluate and create

7. B8] Write an outline of an investigation you could do to test each of the three hypotheses from the
table in question 6.

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

1.5 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 which 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.

Resources

Video eLesson Writing an aim and forming a hypothesis (eles-4155)
Interactivity =~ Writing an aim and forming a hypothesis (int-8089)

eWorkbook SkillBuilder — Writing an aim and forming a hypothesis (ewbk-4626)
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1.6 Record keeping and research

LEARNING INTENTION

At the end of this subtopic you will know how to conduct effective research and how to keep good records of

your investigation.

1.6.1 Background research

Scientists do experiments to test
hypotheses, which are based on
observations as well as the previous
discoveries of other scientists.

Before designing their experiments,
scientists do background research, which
usually includes reading reports written by
other scientists. Scientists also need to keep
records of all their observations and any
changes they make to the design of their
experiments. When you conduct your own
research investigation, you will probably be
asked to do this by keeping a logbook.

1.6.2 What is a logbook?

A logbook is a document in which you keep
a record of all the work you do towards an
investigation. Each entry should be dated
like a diary. In your logbook, you might
include the following items.

FIGURE 1.10 Part of a blog site used by a researcher to share
the results of her investigations into acid-base indicators

e Y o
e best acid

Experiment results

Over the last two weeks | have been making indicators using & varity of flowers
and testing each indicator by adding it to vinegar (acid), dilute

hydrachloric acid, sodium bicarbonate (base) and dilute sodium hydroxide March 2009
solution (alkali). My results are shown in the spreadsheet actached ] T w T F s s
Comparing methods
ced by P \ . 20
Today | tested out two of the wish

B methods that | had found for
making indicators from flowers. |
used the same flowers to test each s Qe )
method. A picture of the type

i of flowers | used is shown on the

left | found that by crushing the

petals, then adding methylated spirit to extract the flower pigment | obtained &
darker indicator than by crushing the petals, then adding water and
microwaving the mixture. This particular flower did not werk very well as an
acid base indicator. It did not change colour when | added acid or base

| have decided to use the method that involves methviated soirit to make mv

Information to include in your logbook:

* A timeline or other evidence of planning your time

* Notes about conversations you had with teachers, friends, parents or experts and how these
conversations affected your project. Make sure you record each person’s details so you can
acknowledge their contribution in your report.

Notes from research you did. Include all the details you need for your bibliography.

A plan or rough outline of the method you will use for your experiment(s)

Notes about any problems you encountered during your project and how you dealt with these
Information on any changes you made to your original plan

Results of all your experiments (these may be presented roughly at this stage)

A plan or storyboard for your presentation if you will present your research to your class

A logbook can be written by hand on paper, on a computer, or it can even be written in an app or as a website.
A blog is a website that has dated entries so it can be used as a logbook. It has the added advantage that you can
invite other people, such as your friends, parents and teachers, to look at your work and post comments. You
should check with your teacher on the format required for your logbook.
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1.6.3 Researching your topic

Before you start your own experiments, you should find out more FIGURE 1.11 Make notes on your
about your topic. topic.

As well as increasing your general knowledge of the topic, you
need to find out whether others have investigated your problem.
Information already available about your topic might help you to
design your experiments. It might also help you to explain your
results.

Make notes on your topic as you find information. You may be able
to include some relevant background information in your report.

How to use information

Make notes on information that is relevant to your research topic.
Think about what you really need to know. You need information that
will help you to:

e plan your experiments

¢ understand your results later on

e show in your report how your research relates to everyday life or why your research is important.

You will need to keep an accurate list in your logbook of the steps you have taken and the resources you have
used.

The internet

The internet provides a wealth of information on almost every topic imaginable. Use a search engine such as
Google or Bing. The success of your search will depend on a thoughtful choice of keywords. Don’t just look
at the first things that appear but scroll through the first page looking at the sources of the findings. Try to find
reliable websites that are specific to your search words.

1.6.4 Reliable information

Most research is now carried out over the internet, but a great deal of information on the internet is unreliable.
Reliable information is information that can be trusted. Imagine that your friend emailed you a link to a website
that said that brushing your teeth with peppermint-flavoured toothpaste causes your tongue to turn green over
time. How could you check that the information was reliable?
e Check the URL (uniform resource locator). This is the address you type in to access the page. The
ending of the URL can be useful for assessing the reliability of a web page. A URL with an .edu ending
is usually from an educational institution such as a school or university. The ending .gov is used for
government websites while an .org ending usually indicates that the web page is associated with a
non-profit organisation.
e Look for information about the author of the web page, the organisation associated with the web page
and the date on which the information was last updated. A web page that provides no such information
is less likely to be reliable. If an author’s name is provided, what are their qualifications? Do they have
expertise in the area they are commenting on? Are they likely to show bias? For websites associated with
an organisation, is the organisation likely to benefit from a particular viewpoint about an issue?
¢ Check the information against other sources. Experimental results are considered reliable if the experiment,
when repeated a number of times, consistently produces similar results. Similarly, the reliability of
information from secondary sources can be assessed by checking it against other sources.

Using the library

Another good place to start is the school library. There are several different types of information sources in the
library, including those in the following list. Ask a librarian for help.
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Nonfiction books

Use the subject index catalogue to learn where to find books with information about your topic. Your library
catalogue is most likely to be stored in a computer database. You might need to ask the librarian to help you use
the catalogue at first. It is a good idea to browse through the contents list of science textbooks. Your topic may
appear.

Reference books

These include encyclopedias, atlases and yearbooks. The index of a good encyclopedia is a great place to start
looking for information.

Journals and magazines

There are quite a few scientific journals that are suitable for use by school students. They provide up-to-date
information. Your library may have an index for journals, such as ‘Guidelines’, which you can use to find
articles on your topic. You may, however, need to browse. Some journals to look for are: New Scientist, Ecos,
Australasian Science, Habitat, Popular Science, Choice and Double Helix.

Information file

Many school libraries keep collections of digital files of newspaper articles on topics of interest. Ask your school
librarian if you don’t know how to access these resources.

Audiovisual resources

The library may have slides, videos and audio CDs that can be used or borrowed. These resources can be located
using the subject index catalogue. Your librarian may also recommend some podcasts.

Beyond the library

Information on your topic may also be available from the FIGURE 1.12 Look for information beyond the
following sources. library.
Your science teacher /_/fv_\
This may seem obvious, but many people don’t even think =2
\_/\—-\_-N\

to ask. Your science teacher may also be able to direct you :
to other sources of information. 4\?}

Government departments and agencies

Federal, state and local government departments and
agencies may be able to provide you with information or
advice on your topic. Try searching government web pages,
which usually list contact details. A polite email to the =
appropriate department or agency is the best way to ask
for help.

Industry

Information on some topics can be obtained from certain b
industries. For example, if you were testing glues for

strength or batteries to find which ones last longest, the - _
manufacturers might have useful information. Use the Vg : p—
internet to find contact details. A polite email is often the A
best way to ask for help.

Relatives or friends

Perhaps you or a relative know somebody who works in your area of interest. Let your friends and relatives
know about your intended research.
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In your logbook, complete a checklist like the one in the following highlighted box to see if you have thoroughly
searched sources of information.

FIGURE 1.13 In your

Logbook checklist for collecting information logbook, keep an accurate
list of resources that you
| The internet have used.

School library:

[] nonfiction books

[] reference books

[] journals and magazines
[] information files

[] audiovisual resources
Beyond the library:

[] your science teacher
[] government departments and agencies
[] industry

[] relatives or friends

[] other sources

Resources

assessm Additional automatically marked question sets

1.6 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 Question
1,2 3,4 5

Remember and understand

1. [l Why is a logbook a bit like a diary?

A. All entries are dated.

B. Nothing is allowed to be drawn in your logbook.

C. A logbook is always written on paper.

D. Both are written as if events will happen in the future.
2. What does the term ‘blog’ mean?

Apply and analyse

3. You can research information about science topics in science textbooks and on the internet.
a. Explain why you would not find the results of scientific research that was done last month in a
science textbook.
b. Outline some advantages and disadvantages of using the internet as a source of information.
4. List the resources that you could use to research your investigation topic:
a. in your school library
b. outside the school library.
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Evaluate and create

5. Imagine you are a scientist. Assess the advantages and disadvantages of maintaining a blog rather than

keeping a logbook in your office.

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

1.7 Controlling variables

LEARNING INTENTION

At the end of this subtopic you will be able to describe the differences between controlled, dependent and

independent variables.

1.7.1 Dependent and independent variables

When was the last time you were on a swing? A
playground swing is simply a large pendulum. A
pendulum is a suspended object that is free to swing to
and fro. Each complete swing is called an oscillation.
The time taken for one complete oscillation of a
pendulum is called its period. Pendulums are used
mainly as measuring instruments. Their most well-known
use is in clocks, such as grandfather clocks.

To answer questions scientifically, we need to perform
a controlled investigation, which must also be reliable.
Investigation 1.2 examines a swinging pendulum, where
the variables are controlled. To ensure reliability, the
measurements in the investigation need to be accurate,
repeated and averaged.

Variables

There are several factors that affect the period of a pendulum. They include:
e the length of the pendulum
e the total mass that is swinging
¢ the height from which the pendulum is released.

These factors are called variables. The variable that you are measuring (in this case
the period of the pendulum) is called the dependent variable. The variable that you
are investigating is called the independent variable. In investigation 1.2, you will
investigate two independent variables, the mass of the pendulum and the length of the
pendulum. However, it is important that we only investigate one variable at a time.
This allows a fair test.

Fair testing

Scientific investigations must be fair tests. In a fair test, only one variable is changed
at a time — the independent variable. In the first part of investigation 1.2, the
independent variable is the mass of the pendulum. All variables other than the
independent variable must be controlled; that is, they must be kept the same. If they
were not, you couldn’t tell which variable was affecting the period of the pendulum.
You might find it helpful when designing your own investigations to use a table
similar to table 1.2 to identify all the variables.
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FIGURE 1.14 A playground swing is simply a
large pendulum.

pendulum an object swinging on
the end of a string, chain or rod
oscillation one complete swing of
a pendulum

period the time taken for one
oscillation of a pendulum

variables quantities or conditions
in an experiment that can change

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.

independent variable the
variable that the scientist chooses
to change to observe its effect on
another variable

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



TABLE 1.2 Experiment: How does mass affect the period of a pendulum?

Independent variable ® The mass of the pendulum
Dependent variable ® The period of the pendulum

Controlled variables ® The length of the pendulum
® The angle of release
® The method of release

INVESTIGATION 1.2

The period of a pendulum

elog-0590

Aim
To investigate the effects of mass and length on the period of a pendulum

Materials

® |ength of string (at least 80 cm long) ® pair of scissors

® set of slotted masses ® a one-metre ruler

® retort stand with bosshead e stopwatch or clock with a second hand
Method

Part 1: The effect of mass

1.
2.

3.

Part 2: The effect of length
7.
8.

Write a hypothesis for this part of the investigation.
Set up your pendulum so it can swing freely. Start with the largest possible length and the smallest
weight.

Copy the table in the results section into your logbook, and record

the mass and the length of the pendulum in it. The length should be | pessieed
measured from the top of the pendulum to the bottom of the swinging =
mass, as shown in the diagram. )
Pull the mass aside so that the angle of release is about 20°. Take Retort \
note of the height from which the mass is released so that this angle stand )
of release is used throughout the experiment. \ Angle
Release the pendulum. Measure the time taken for 10 complete swings Lot < of release
of the pendulum. Repeat your measurement at least twice to find the \
average time for 10 swings.

Repeat this procedure for three larger masses, completing the table as

peLliele: O ———

Write a hypothesis for this part of the investigation.

Construct a table like table 1.2 to identify all of the variables that

need to be considered for an investigation of the effect of length on the
period of a pendulum.

Construct a second table in which to record your measurements.
Remember that this time you’ll be testing four different lengths

without changing the mass. Use the same procedure as you did in part 1 for measuring the period.

Results

Part 1: The effect of mass

1.

Record the length of your pendulum.

Length of pendulum = cm

Angle of release = 20°

Record all the measurements in your table and calculate the average time taken for one complete
swing (the period).
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TABLE Results of investigation 1.2, part 1

Time taken for 10 complete swings (seconds)

Part 2: The effect of length
3. Record your measurements for part 2 of the investigation in a table.
4. Draw a line graph to show how the period of the pendulum is affected by its length. Remember to add

a heading to your graph.

2.0 -

B1.5

2

= 1.0

(]

o
0.5
0.0 I I I I I I I I

0 10 20 30 40 50 60 70 80
Length (cm)
Discussion

1. How does the mass of the pendulum affect its period?

2. How does the length of the pendulum affect its period?

3. The period of most standard clock pendulums is one second. Use your graph to predict the length of a
standard clock pendulum.

4. Explain why it is a good idea to measure the time for 10 swings rather than just one.

5. Suggest one aspect that could be done next time to improve this investigation.

Conclusion

What can you conclude about the effects of mass and length on the period of a pendulum?

Resources

eWorkbook Fair testing (ewbk-4950)

assessm Additional automatically marked question sets

1.7 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 2,4,6 3,7
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Remember and understand

1. What is a variable?

2. Complete the sentences to describe the difference between a dependent A metronome’s
variable and an independent variable. period is changed
During an experiment, the researcher purposely alters the by moving the
variable. The variable is then an outcome or value that results sliding mass up or
from the change in the variable. down. A metronome

is an upside-down

Apply and analyse pendulum.

3. Why is it important to control variables in a scientific investigation?

4. A metronome is an ‘upside-down’ pendulum. To make the period of the
metronome longer, should you move the sliding mass up or down?

5. ldentify the independent and dependent variables in:
a. part 1 of investigation 1.2
b. part 2 of investigation 1.2.

6. In investigation 1.2 you conducted three trials for each measurement and
calculated an average. List two reasons for the repetition.

Evaluate and create

7. Predict whether the angle of release affects the period of a pendulum and
write down your hypothesis. Perform an investigation to test your hypothesis
and write a brief report. In your conclusion, state clearly whether your results
supported your hypothesis.

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

1.8 SkillBuilder — Controlled, dependent and
Independent 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

Video eLesson Controlled, dependent and independent variables (eles-4156)
Interactivity = Controlled, dependent and independent variables (int-8090)

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

LEARNING INTENTION

At the end of this subtopic you will understand how to write a scientific report.

1.9.1 Getting approval

Almost all scientists need the approval of their employer before they commence an investigation. As a student,
you should not commence an investigation until your plan has been approved by your teacher.

1. Title

Choose a title in the form of a question — you may decide to change it before your work is completed.
2. The aim or problem

Briefly state what you intend to investigate or the question that you intend to answer.

Aim: To study the behaviour of slaters

Problem: What makes algae grow in an aquarium?

3. Hypothesis

Using the information that you know or have discovered while deciding on your aim and question, make an
educated guess about the answer to your problem or what you expect to find out. It is important to be creative
and objective, and to use logical reasoning when devising a hypothesis and testing it.

4. Outline of experiment

Explain how you intend to test your hypothesis, and briefly outline the experiments you intend to conduct.
5. Equipment

List any equipment you need for your experiments.

6. Resources

List the sources of information that you have used or intend to use. This list should include library resources,
organisations and people.

1.9.2 Performing your experiments FIGURE 1.15 All observations and

. measurements should be recorded.
Once your teacher has approved your plan, you may begin your

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

Some information about using tables, graphs and data loggers is
provided in subtopic 1.14.

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

Photographs should be taken if appropriate.

data information collected which
can be used for studying or
analysing
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You might need to change your experiments if you get results you don’t expect. If things go wrong, record
what happened. Knowing what went wrong allows you to improve your experiment and technique. Any major
changes should be checked with your teacher.

1.9.3 Writing your report

Check with your teacher about what is required — teachers might not want all the following sections, or might
want a poster or some other format. 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. It should begin with a table of contents, and the pages should be numbered. Your
report should include the following headings (unless they are not applicable to your investigation).

Abstract

Briefly summarise your experiments and your main conclusions. 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.

Hypothesis

Using the knowledge you already have about your topic, make a guess about what you will find out by doing
your investigation.

Materials and method

Describe in detail how you carried out your experiments. Begin with a list of the equipment used and include
photographs of your equipment if appropriate. The description of the method must be detailed enough to
allow somebody else to repeat your experiments. It should also convince the reader that the variables in your
investigation are 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 (data) are presented in this section. Wherever possible, present data as a table
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. Ensure that you use the most appropriate type of graph for your data (see sections 1.10.2 and
1.10.3).

Discussion

Discuss your results here. Begin by stating what your results indicate about the answer to your question. Explain
how your results might be useful. Outline any weaknesses in your design or difficulties in measuring here.
Explain how you could improve your experiments. What further experiments are suggested by your results?

Conclusion

This is a brief statement of what you found out and may link with the final paragraph of your ‘Discussion’. 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. Don’t be disappointed if it is not supported. Some scientists deliberately set out
to reject hypotheses!
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Bibliography
Make a list of books and other printed or audiovisual material 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.

For each printed resource, list the following information in the order shown:
e author(s) (if known)

title of book or article

publisher or name of journal or magazine (if not in title)

place of publication (if given)

date of publication

e chapter or pages used.

For example:

Coventry, John., Reptiles of Victoria: A Guide to Identification and Ecology, CSIRO Publishing, Australia, 2019,
page 36.

For websites, list the following:
e name of article or page of website
e author
e name of website
e date the site was updated
URL address
e date accessed.

For example:

Bridge Building and Safe Design, John Daly, Safe Design Australia, last updated October 2018,
www.safedesignaustralia.com.au/bridge-building-safe-design/, accessed 25 May 2020.

Acknowledgements

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

Resources

eWorkbook Scientific reports (ewbk-4951)

assessm Additional automatically marked question sets

1.9 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
Question Question Questions
1 2 3,4
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Remember and understand

1.

Complete the table by identifying which section of an investigation report the content should be
located.

Content | Investigation report section

The purpose of the experiment

A brief summary of your investigation and findings

A table showing all the measurements you recorded

A list of the books and other resources you used to find
information for your project

A diagram of the equipment you used

A statement that relates the results back to the aim and
outlines what your results show

Apply and analyse

2.

When scientists write up their
investigations for publication in a scientific
journal, the abstract is one of the most
important parts of the report. Explain why
the abstract is usually read by many more
people than the full report.

Explain why it is important for scientists

to publish their investigations in scientific
journals and to read the reports written by
other scientists.

Evaluate and create

4.

There have been instances where scientists have faked their results or committed other types of
scientific misconduct.

a. Enter the words ‘scientific misconduct’ in a search engine to find examples of such instances.
b. Why do you think that some scientists might be tempted to fake or fabricate their results?

c. Explain why cases of scientific misconduct are damaging to all scientists.

d. What do you think might happen to scientists who are found to have faked their results?

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

1.10 Presenting your data

LEARNING INTENTION

At the end of this subtopic you will be able to use different types of diagrammatic, graphical and physical
representations of data, and consider their strengths and limitations.

1.10.1 Presenting your data

Observations and measurements obtained from an investigation are called data. Data can be qualitative or

quantitative.
qualitative data categorical
e Qualitative data is expressed in words. It is also known as categorical data that examines the quality of
data — you can think of this data falling into categories. It is descriptive and something (e.g. colour or gender)
. o rather than a measurement or
can be easily observed but not measured. There are two types of qualitative quantity
data:
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¢ Ordinal data can be ordered or ranked. This could be levels (1st, 2nd, 3rd ...) or opinions (strongly

agree, agree, disagree, strongly disagree).

¢ Nominal data cannot be organised in a logical sequence. This could include colours or brand names.

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

numbers. There are two types of quantitative data:

¢ Continuous data can take any numerical value, such as the temperature of a substance.
» Discrete data can only take on set values that can be counted, such as the number of students with green

eyes.

Having collected the data, it is important to present them clearly in a way that another person reading or
studying them can understand. Tables and graphs are a great way to organise data.

1.10.2 Using tables

When data are organised in a table, they are easier to read and trends are more easily identified. An example of a
simple table is shown in table 1.3; it includes all the features you need to remember when constructing a table.

Always include a title
for your table.

TABLE 1.3 Temperature of the Include the measurement units
Earth at different depths

in the headings.

Temperature
The column headings show clearly
what has been measured.
1 44
Use a ruler to draw lines for
2 73 rows, columns and borders.
3 102
4 130
5 158
6 187 <———— Enter the data in the body of the table. Do
not include units in this part of the table.
7 215
8 242

You may need to construct more complex tables, such as table 1.4, to present your research project results.

TABLE 1.4 Do large paper aeroplanes

Labels

fly further than small paper aeroplanes?

T Width of paper (cm) IATIBREER)
Length of paper (cm) & 10 6
°© 49| 59| 36
2
i) 4.6 58| 35
2
= Average 4.7 6.0, 34 quantitative data numerical data
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1.10.3 Using graphs

Organising data as a graph is a widely recognised way to make a clear presentation. Graphs make it easier to
read and interpret information, find trends and draw conclusions. Just like tables, graphs should always have a

heading.

A graph, especially a line graph, can also be

used to find values other than those used in the
investigation. This can be done by interpolation or
extrapolation (see sections 1.10.4 and 1.10.5).

Types of graphs

Five different types of graphs commonly used in
scientific reports are pie charts, column or bar
graphs, divided bar graphs, histograms and line
graphs.

Pie charts (or sector graphs)

A pie chart (also known as a sector graph) is a circle
divided into sections that represent parts of the
whole. This type of graph may be used when the
data can be added as parts of a whole. The example
in figure 1.16 shows the food types, vitamins and
minerals that make up the nutrients in a breakfast
cereal.

Divided bar graphs

FIGURE 1.16 A pie chart

Nutrients in 100 g of K-plus cereal

Niacin (0.02 g) Iron (0.01 g)
Other B vitamins (0.02 g)
Fat (0.5 g)
Calcium (0.5 g)

Fibre (5 g)

Sugars (18 g)

Protein (20.5 g)

Complex
carbohydrates
(565.45 g)

Divided bar graphs are also used to represent parts of a whole. However, the data are represented as a long
rectangle, rather than a circle, divided into sections. The example in figure 1.17 shows the type of footwear worn

to school today by male and female students.

FIGURE 1.17 A divided bar graph

Types of footwear worn to school today

Female

Male

Number of students wearing footwear

[l School shoes M Thongs [ Running shoes [l Boots

Column graphs and bar graphs

A column graph (sometimes called a bar graph) has two axes and uses rectangles (columns or bars) to represent
each piece of data. The height or length of the rectangles represents the values in the data. The width of the
rectangles is kept constant. This type of graph can be used when the data cannot be connected and are therefore
not continuous — that is, when one piece of data is qualitative and the other is quantitative.
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Figure 1.18 shows data on the average height to which different balls bounced during an experiment. Each

column represents a different type of ball.

Figure 1.19 shows the lengths of different metal bars when heated. Each bar represents a different metal.

FIGURE 1.18 A column graph

Heights to which different types of balls bounce

1.6 —
* All balls were bounced by the
1.4 same person, from the same
. height and onto the same
T 12 surface.
8 1.0
[=
=]
S 0.8
k]
£ 0.6
o
£ 04—
0.2
0.0 -
Golf ball Tennis ball Basketball
Type of ball
Histograms

Histograms are similar to column graphs except the
columns touch because the data are continuous. They
are often used to present the results of surveys. In
figure 1.20, each column represents the number of
students of a particular height.

Line graphs

A line graph has two axes — a horizontal axis

and a vertical axis. The horizontal axis is known as
the x-axis, and the vertical axis is known as the y-axis.
A line graph is formed by joining a series of points

or drawing a line of best fit through the points. Each
point represents a set of data for two variables, such
as height and time. Two or more lines may be drawn
on the same graph. Line graphs are used to show
continuous data — that is, data in which the values
follow on from each other. The features of line graphs
are shown in figure 1.21.

FIGURE 1.19 A bar graph

Lengths of different metal bars when
heated in the same way

Note: The metal
bars were of
identical lengths
before heating.

Metal A

Metal B

Metal bar

Metal D

0 10 20 30
Length (cm)

FIGURE 1.20 A histogram

Number of students
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140 145 150 155 160 165 170
Height (cm)

line of best fit a smooth curve
or line that passes as close as
possible to all plotted points on a
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FIGURE 1.21 Features of a line graph

3. Setting up and labelling the axes

Graphs represent a relationship
between two variables. When
choosing which variable to put on
each axis, remember that there is
usually an independent variable (which
the investigator chooses) and a
dependent variable. For example, if
students wish to find out how far a
runner could run in 15 seconds, they
may choose to measure the distance
covered every 5 seconds. The time of
each measurement was chosen by the
students and is the independent
variable. The distance measured is
therefore the dependent variable.
Usually the independent variable is
plotted on the x-axis and the
dependent variable on the vertical
y-axis.

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

4, Setting up the scales

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

1.10.4 Interpolation

>

—>20 41

1. Grid

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

2. Title

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

Y

Distance covered by a runner in

15 seconds

1004 TABLE 1.5 Data table

Time

(s)

Distance

(m)
0 4

80

8 5
10
15

(2]
o
|

5. Putting in the values

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

Distance (m)

N
o
]

0 T T 1
10

Time (s)

6. Drawing the line

A line is then drawn through the points.

A line that follows the general direction of the points is called a ‘line of best fit’
because it best fits the data. It should be on or as close to as many points as
possible. Some points follow the shape of a curve, rather than a straight line. A
curved line that touches all the points can then be used.

The type of data you graph may lead you to expect either a straight line or a
curve. For example, you might expect the increase in temperature of water being
boiled to be a straight line because the temperature increases at a steady rate. A
graph of the growth rate of a red panda (see page 48) would be curved and
irregular because pandas have growth spurts. Inspecting the data will help you
decide whether your line should be straight or smooth and curved.

Line graphs can be used to estimate measurements that were not actually made in an investigation.

Table 1.6 shows the results of an experiment in which a student measured how many spoons of sugar dissolved
in a cup of tea at various temperatures. Once a line of best fit has been drawn, we can determine the mass of
sugar that would dissolve at temperatures within the range that were investigated. Predicting values from within
the range of the experiment like this is called interpolation.
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TABLE 1.6 Amount of sugar that dissolves in one
cup of tea at different temperatures

Mass of sugar

Temperature (°C) dissolved (g)

0 4
20 30
40 60
60 98
80 120

100 160

The student did not measure how much sugar
dissolved at 50 °C, but we can work this out by
interpolation. First we need to plot the data collected
in the experiment. Then we read off the graph the
amount of sugar that would dissolve at 50 °C (shown
by dotted line 1 in the graph in figure 1.22). The
same procedure can be used to work out the water
temperature that would be needed to dissolve 130 g
of sugar in one cup of tea. This is shown by dotted
line 2.

1.10.5 Extrapolation

FIGURE 1.22 Using a line graph for interpolation

Mass (g)

180
160
140 7 Dotted line 2
120

100

Effect of temperature on the amount
of sugar dissolved in tea

Dotted line 1

X
|
|
|
I
|
|
|
I
|
|
I
I
|
1
|
|
|
|
|
|
1

Temperature (°C)

In many cases it is also possible to assume that the two variables will hold the same relationship beyond the
values that have been plotted. By extending a line of best fit past the range tested we can make predictions

on data outside of the range tested. This is called extrapolation. Consider table 1.7, which shows the results
obtained when different masses were attached to a spring and the increase in length of the spring was measured.

TABLE 1.7 Amount a spring stretched when various
masses were attached

Mass attached to the Length by which spring
spring (kg) stretched (cm)

0.0 0
0.5 8
1.0 16
1.6 26
? 32

If you want to predict the mass needed to stretch the
spring by 32 cm, you need to plot the data on a graph
and extrapolate the value.

The data in table 1.7 are plotted on the graph

(figure 1.23). Values have been plotted up to a mass
of 1.6 kg and an increase in length of 26 cm. The

line on the graph has been projected onwards (as the
dotted lines show). This extrapolation shows that a
mass of 2 kg will stretch the spring 32 cm. It should
be noted that, unlike interpolation, extrapolation is
not a very reliable technique. If possible always try to
test values directly.

FIGURE 1.23 Using a line graph for extrapolation

Length by which spring stretched (cm)

40 -

Effect of mass on spring stretch

T
0 20 40 60 80 100

_________________________________ /_l/

30 ans
7 |

// |

- i

I

I

:

20 - i
]

I

I

[}

|

I

10 !
]

]

I

I

I

|

0 T T T f
0 0.5 1.0 1.5 2.0
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SAMPLE PROBLEM: Drawing a line graph

A student conducted an experiment to see how temperature affected the amount of sugar that would dissolve
in a cup of tea. Each cup contained the same volume of tea, and the sugar was stirred in at an equal rate for
each cup. The results obtained are shown in the table 1.8.

Graph the data in the table.

TABLE 1.8 Amount of sugar that dissolves in one cup of tea / W
f ; i
Temperature (°C) Mass of sugar dissolved (g)

0 4
20 30
40 60
60 98
80 120
100 160
THINK WRITE
1. Set up the grid.
2. Give the graph a title. Effect of temperature on the

amount of sugar dissolved in tea

3. Set up the axes and label them. Effect of temperature on the
amount of sugar dissolved in tea

Mass (g)

T T T T T 1
Temperature (°C)
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4. Place the scales on the axes.

5. Plot each pair of values as a point marked with
an x. Make sure each point is clearly visible.
Don’t forget to plot (0, 4) because you have

the data for this point.

6. Draw a line of best fit; that is, a line drawn in
between the points so that some points are on
the line, some are below it and some are above.

Mass (g)

Mass (g)

Mass (g)

180
160
140
120
100
80
60
40
20

0

Effect of temperature on the
amount of sugar dissolved in tea

180

T T T T T 1
20 40 60 80 100 120

Temperature (°C)

Effect of temperature on the
amount of sugar dissolved in tea

160 o

140

120 &
100 x

80

60 x

40
20

0

x

180

160
140

T T T T T 1
20 40 60 80 100 120

Temperature (°C)

Effect of temperature on the
amount of sugar dissolved in tea

120 *

100
80
60
40
20

0

T T T T T 1
20 40 60 80 100 120
Temperature (°C)

Resources

eWorkbooks  Scientific drawing skills (ewbk-4952)
Data analysis (ewbk-4953)

assessm Additional automatically marked question sets
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1.10 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
1,3 2,5 4,6

Remember and understand
1. Define the term interpolation.
Apply and analyse

2. Would you choose a column graph or a histogram to best represent a set continuous, numerical data?
Explain your reasoning.

Evaluate and create

3. The table shows the uses of plastics TABLE Uses of plastics in Australia
in Australia. Use Percentage (%)
a. Construct a pie chart using the information Agriculture 4.0
in the table. _—
b. @ Which category uses the largest amount Building 24.0
of plastic in Australia? Electrical/electronic 8.0
A. Building Furniture and bedding 8.0
B. Packaging and materials handling Housewares 4.0
g' ;rar.]spli)rt Marine, toys and leisure 2.0
. Agriculture - :
E. Electrical/electronic Packgglng and materials 31.0
handling
4, Ihetdatalln tgfe :able r(t:LatZ .thte spec:: ofa iar toI Transport 50
its stopping distance (the distance the car travels
after the brakes are applied). Others 14.0

TABLE Relationship between the speed of a car
and its stopping distance

Speed of car (m/s) Stopping distance (m)

10 12
20 36
30 72
40 120

a. Construct a graph of the information in the
table shown.

b. [lId Which of the following could be a conclusion
drawn from the information in the graph?
A. The slower the speed of the car, the greater the stopping distance.
B. The faster the speed of the car, the greater the stopping distance.
C. The stopping distance is the independent variable.
D. The faster the speed of the car, the smaller the stopping distance.
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5. The boiling point of water changes with air pressure. For example, water does not boil at 100 °C at the
top of Mount Everest, where the air pressure is less than the pressure at sea level. The following data
show the boiling point of water at various air pressure values.

TABLE Boiling point of water at different air pressures

Air pressure (kPa) Boiling point of water (°C)

1 20
7 40
21 60
45 80
101 100
200 120

a. Construct a graph of the information in the table.

b. Describe the shape of the graph.

c. What is the pressure of the atmosphere at sea level?

d. [fI9 Would it take a longer or shorter time to boil water at the top of Mount Everest compared with
at sea level?

A. It would take less time because air pressure is lower. The lower the air pressure, the lower the
boiling point of water.

B. It would take more time because air pressure is lower. The lower the air pressure, the higher the
boiling point of water.

C. It would take more time because air pressure is higher. The higher the air pressure, the higher the
boiling point of water.

D. It would take less time because air pressure is higher. The higher the air pressure, the lower the
boiling point of water.

6. The graph shows the increase in mass of a
growing pondweed. 600
a. What was the mass of the plant after three weeks

of growth?

b. How long did it take for the plant to grow to 250
grams?

c. [[[d What would be a reasonable prediction for the
mass of the plant after six weeks of growth?
A.5009
B.300g
C.1kg
D.100 g

d. Can you be sure that your prediction for part (c) is
accurate? Suggest why it may not be accurate. 0 | |

e. Extrapolations are more reliable than interpolations. 0 2 4 6
True or false? Justify your response. Time (weeks)

Increase in mass of pondweed with time

pondweed (g)
N
o
o
|

Dry weight of

N

o

o
|

Fully worked solutions and sample responses are available in your digital formats.
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1.11 SkillBuilder — Constructing a pie chart

only
What is a pie chart?

A pie chart, or pie graph, is a graph in which slices or segments represent the size of different parts that make up
the whole. The size of the segments is easily seen and can be compared. Pie graphs give us an overall impression
of data.

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

Video eLesson Skillbuilder: Constructing a pie graph (eles-1632)
Interactivity  Skillbuilder: Constructing a pie graph (int-3128)
eWorkbook Skillbuilder — Constructing a pie chart (ewbk-4634)

1.12 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

Video eLesson Skillbuilder: Creating a simple column or bar graph (eles-1639)
Interactivity Skillbuilder: Creating a simple column graph (int-3135)
eWorkbook Skillbuilder — Creating a simple column or bar graph (ewbk-4636)

1.13 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.
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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

Video eLesson Skillbuilder: Drawing a line graph (eles-1635)
Interactivity Skillbuilder: Drawing a line graph (int-3131)
eWorkbook SkillBuilder — Drawing a line graph (ewbk-4638)

1.14 Using data loggers

LEARNING INTENTION

At the end of this subtopic you will be able to identify different types of data loggers that can monitor
investigations and produce data.

1.14.1 What is a data logger?

A data logger is a type of scientific recording instrument. Many
devices record data, for example fitness monitors and smart
watches. A data logger collects and stores measurements that are
called data. It has to be attached to a measuring instrument called a
sensor. The sensor does the measuring and sends the measurements
to the data logger.

FIGURE 1.24 Some data loggers have
their own touch screen and work like
mini computers.

The real advantage of working with a data logger is that it can store
thousands of individual measurements. The measurements can be
taken in quick succession or over a long period of time, and the data
logger can be programmed to do this automatically. This is why
scientists often use data loggers in their work.

Data loggers also tend to be portable and battery-powered, and
can therefore be used for applications such as remote weather
monitoring and car crash testing. You may have been in a car that
has driven over two closely placed rubber strips on the road —
these strips are connected to a data logger used to count traffic.

Of course, to be useful, the stored measurements must be easy

to access. That is why the data logger is also attached to either a
computer or a graphics calculator. The computer or calculator takes
the data and, using special software that comes with the data logger,
shows the data as a table, a graph or both.

sensor device connected to

an instrument such as a data
logger that measures and sends
information
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Other uses for data loggers

Data loggers can be used for just about any experiment where
measurements are taken. All that is needed is the appropriate sensor to

be plugged in. It is even possible to plug in several sensors to take different
measurements at the same time.

Some of the many different sensors that are available include:
e temperature sensors capable of measuring up to
several hundred degrees Celsius
e light intensity sensors
¢ soundwave sensors (microphones)
* motion sensors
¢ magnetic field sensors
e acceleration sensors
e force sensors
e electric current and voltage sensors
¢ humidity sensors
¢ blood pressure sensors
¢ heart rate sensors.

One type of sensor that isn’t necessary is a time sensor (stopwatch)
because the data logger has its own inbuilt clock that is very accurate.

In fact, one of the most useful things about data loggers is their ability
to collect measurements at very small and precise time intervals, even as
many as a thousand measurements in one second!

1.14.2 Data loggers in temperature measurement

FIGURE 1.25 More basic data
loggers require the use of a
computer to analyse the results.

FIGURE 1.26 A data logger for
measuring blood pressure

In investigation 1.1 in section 1.1.3 the measuring instrument you used was a thermometer. You looked at the
thermometer every 30 seconds and observed the temperature, which you wrote down in a table. You then made
a line graph of temperature against time. If you had used a data logger with a temperature sensor instead of
the thermometer, it could have taken the temperature every second and sent it to a computer that automatically

tabulated the temperature data and graphed it as well.

Resources

assessm Additional automatically marked question sets

1.14 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
Question Question
1 2

LEVEL 3
Question
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Remember and understand

1. Match the word on the left to the correct statement on the right.

a. Sensor A. You may need to download the data from the data logger to one of these.
b. Data logger B. Piece of information
c. Computer C. These are plugged into the data logger and take the measurements.

d. Data logger software | D. Allows you to input data into the data logger or computer by touching it
with your finger or a stylus

e. Touch screen E. Allows you to process the data collected by the data logger

f. Data F. Collects and stores data from sensors connected to it

Apply and analyse

2. Sensors are devices that take the measurements that the data logger collects. Outline scientific
investigations that could use data collected by sensors that measure:
a. electric current
b. heart rate
c. motion
d. sound waves
e. light intensity.

Evaluate and create

3. The graph shows data collected by a data logger for an experiment in which water was heated to
boiling point in a beaker. A temperature sensor was used to take the measurements.
a. How long did the whole experiment take?

b. Approximately how long after the Temperature vs time

experiment began did the heating of water 100
begin?

c. What was the temperature of the
water when heating began? 80

d. What was the temperature of the
water when heating finished?

e. Approximately how long after the 607
experiment began did the water begin
to boil? 40 -

f. Between 100 and 400 seconds,
at what rate (in degrees per second)
did the water temperature rise? 20
g. The water continued to be heated even
when its temperature reached boiling

Temperature (°C)

point; yet its temperature did not rise 0 T T T T T 1
beyond 100 °C. What has happened to 0 100 200 300 400 500 600
all the energy that was being put into Time (s)

the water if it isn’t causing the water
temperature to rise? (Hint: Think about
what happens to water while it is boiling.)

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

LEARNING INTENTION

At the end of this subtopic you will be able to describe the discoveries and achievements of four famous
scientists.

1.15.1 Famous science investigations

Einstein, Newton, Curie and Pasteur. These are all names that are familiar to us because their contributions to
science changed the world. Below are some facts about their lives and some insights into their discoveries.

Resources

Video eLesson Career spotlight: scientist (eles-0766)

SCIENCE AS A HUMAN ENDEAVOUR: Sir Isaac Newton

Sir Isaac Newton (1642-1727) is probably most well known for his laws of gravitation, FIGURE 1.27 Sir
which explain the motion of the planets around the sun. According to some historians,
his ideas about gravity arose after an apple fell on his head. We’ll probably never know
if this is true.

Isaac Newton

Isaac Newton was sent to Cambridge University at the age of 18. When the university
closed down in 1665 as a result of the Great Plague, young Isaac went home for two
years. There he developed his laws of gravitation and his three laws of motion. During
his life, he also made discoveries about the behaviour of light and invented a whole
new branch of mathematics, called calculus. Much of the scientific knowledge that has
been acquired since the seventeenth century is built upon Newton’s discoveries during
that amazing two-year period.

Resources

Video eLesson Isaac Newton (eles-1771)

SCIENCE AS A HUMAN ENDEAVOUR: Albert Einstein

Albert Einstein (1879-1955) is most well known for his theory
of relativity (there are actually two theories of relativity) and
the equation E = mc?, which describes how mass can be
converted into energy.

FIGURE 1.28 Einstein’s first wife, Mileva,
was a mathematician. He discussed many
of his new ideas with her.

Albert Einstein was certainly a slow starter. Although he was
fascinated by mathematics, Einstein performed badly at school
and left at the age of 15. He returned later and trained as a
teacher in Switzerland. Einstein often failed to attend lectures
and passed university exams by studying the notes of his
classmates.

Einstein’s first job was as a junior clerk in a patent office. His
work was not demanding and he spent a lot of time doing
‘thought’ experiments.
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At the age of 26, Einstein began to publish his ideas. These ideas altered our view of the nature of the universe by
changing existing laws and discovering new ones.

Einstein explained the photoelectric effect, in which light energy is transformed into electrical energy, and
received the Nobel Prize in Physics in 1921 for this.

Einstein’s theories of relativity were so different from earlier theories that they were not believed or understood by
most scientists. His theory of special relativity explains the behaviour of objects that travel at speeds close to the
speed of light. His theory of general relativity explains the effect of gravity on light and predicts that time ‘slows
down’ in the presence of large gravitational forces. These theories provide useful clues about the development
and future of the universe.

Einstein’s theories suggested that mass could be converted into energy. This idea led to the development of the
atomic bomb and nuclear power. Einstein, who was Jewish, fled Germany in 1933 to live and work in the United
States. He was an active opponent of nuclear weapons and was involved in the peace movement long before
atomic bombs destroyed Hiroshima and Nagasaki at the end of World War II.

SCIENCE AS A HUMAN ENDEAVOUR: Louis Pasteur

Louis Pasteur (1822-1895) proved that infectious
diseases were caused by microbes. His ideas
became known as ‘germ theory’. He also
developed several vaccines that made people
immune to diseases such as rabies and smallpox.

In doing this he has been responsible for saving the Ui Gl
lives of millions of people and countless animals.

. L . . Boil
Pasteur began his scientific career in physics and ° No microbial

chemistry, but became interested in microbes when growth

he was using light to investigate the differences 4\

FIGURE 1.29 One of Pasteur’s experiments

9

between chemicals in living and non-living things.

Pasteur’s next challenge was to rescue the French
wine industry. Wine (and beer) became sour very
quickly and this was beginning to have an impact

‘%‘75

on the French economy, which relied heavily on the Boil Stem broken, Microbial
export of wine. Pasteur showed that the souring 1 allowing air to growth
enter flask

was caused by acids produced by the action of
bacteria in the wine. Pasteur invented a process that rapidly heated some of the ingredients of the wine. The
rapid heating killed most of the offending microbes without altering the flavour of the wine. The process, known
as pasteurisation, was later adapted to slow down the souring of milk.

DISCUSSION

Louis Pasteur conducted many of his experiments on animals. Many of the experiments would now be
considered cruel; however, the experiments saved many human and animal lives.

Present the arguments for and against the use of animals in such experiments.

Were the animal experiments justified? Write a brief statement supporting your opinion.

Resources

Interactivity Pasteur’s experiment (int-3420)
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SCIENCE AS A HUMAN ENDEAVOUR: Marie Curie

Marie Curie (1867-1934) became the first
scientist to win two Nobel Prizes when she was
awarded the Nobel Prize in Chemistry in 1911
for her discovery of two new elements: polonium
and radium. Radium was used in the treatment
of cancer until cheaper and safer radioactive
materials were developed. Marie Curie’s first
Nobel Prize, for the study of radioactivity, was
shared with her husband, Pierre, and fellow
scientist Antoine-Henri Becquerel in 1903.

FIGURE 1.30 Marie Curie with husband Pierre in her
laboratory

As a child, Marie Sklodowska (her birth name)
wanted to study science. However, girls were
forbidden to attend university in her native
country of Poland. She worked as a private
tutor for three years to earn enough money

to study at the University of Paris, where she
met her future husband, Pierre. They were

very poor and spent most of their money on
laboratory equipment, leaving very little money
for food; in fact, they often couldn’t afford to eat.
After Pierre was knocked down and killed by a speeding wagon. Marie continued their research in radioactivity,
pioneering the development of radioactive materials for use in medicine and industry. She became the first female
teacher at the University of Paris and worked hard to raise money for scientific research.

Resources

assessm Additional automatically marked question sets

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
1,2,3,4 5,8 6,7

Remember and understand

1. I Louis Pasteur worked in many fields of science during his career. Which of the following did he
achieve?
A. The discovery that infectious diseases are caused by microbes
B. The development of the theories of gravity and motion
C. The isolation of two new elements, radium and polonium
D. The development of the theory of relativity
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2. 19 Sir Isaac Newton worked in many fields of science during his career. Which of the following did he
achieve?
A. The discovery that infectious diseases are caused by microbes
B. The development of the theories of gravity and motion
C. The isolation of two new elements, radium and polonium
D. The development of the theory of relativity
3. [IIg Marie Curie was the first scientist to win two Nobel prizes. Which of the following did she achieve?
A. The discovery that infectious diseases are caused by microbes
B. The development of the theories of gravity and motion
C. The isolation of two new elements, radium and polonium
D. The development of the theory of relativity
4. I3 Albert Einstein worked in many fields of science during his career. Which of the following did he
achieve?
A. The discovery that infectious diseases are caused by microbes
B. The development of the theories of gravity and motion
C. The isolation of two new elements, radium and polonium
D. The development of the theory of relativity

Apply and analyse

5. Make a quick list of your “Top 3’ scientists of all time. For each one, answer the following questions.
a. What impact does their work have on your life?
b. Did they just happen to be in the ‘right place at the right time’?
c. Did they work under adverse conditions?
d. Did their work save lives?
e. Did their work have any destructive influence?
f. What other special qualities make them great?
6. Is it fair to select the single ‘greatest’ scientist of all time? Explain your answer.

Evaluate and create

7. Imagine that you are one of the three scientists you chose as the greatest scientists of all time. Write a
short speech (3-5 minutes) about your life and work, and deliver it to your class. lllustrate your speech
with models, diagrams or photographs.

8. Write a biography similar to the four
presented in this section about one of the Peter Doherty (1940-): Veterinarian and immunologist

following scientists: —
® Michael Faraday (1791-1867) l ¢ y N l
Charles Darwin (1809-1882) by !
Lise Meitner (1878-1968)
Barbara McClintock (1902-1992) |
Peter Doherty (1940-) v
Stephen Hawking (1942- 2018). :
4

Fully worked solutions and sample responses are available in your digital formats.
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1.16 Project — An inspiration for the future

Scenario

The Florey Medal was established in 1998 by the Australian Institute of Policy and Science in honour of the
Australian Nobel Prize—winning scientist Sir Howard Florey, who developed penicillin. It is awarded biennially
to an Australian biomedical researcher for significant achievements in biomedical science and human health
advancement.

In a similar spirit, the Australian Academy of Science (AAS) hopes to establish an award for outstanding science
students. The AAS wishes to name the medal after an Australian scientist who provides the greatest inspiration
for young people considering a future career in science. After months of consultation, they have narrowed the
choices down to the following:

e David Unaipon 1872-1967: Inventor
Fred Hollows (1929-1993): Ophthalmologist
Andrew Thomas (1951-): Astronaut
Fiona Wood (1958- ): Plastic surgeon and burns specialist
¢ Ian Frazer (1953- ): Immunologist
Graeme Clark (1935-): Otolaryngeal surgeon and engineer

°

FIGURE 1.31 Andrew FIGURE 1.32 Fiona FIGURE 1.33
Thomas (1951-): Wood (1958~ ): Plastic Graeme Clark (1935-):
Astronaut and surgeon and burns Otolaryngeal surgeon
engineer specialist and engineer

Your task

You will create an 8-10 minute podcast in the format of an interviewer discussing with a number of different
people which of these scientists would be the best choice to name the AAS medal after. The interviewees
(played by group members) should be people who would be likely to have an interest or stake in the award.
Examples could include a member of the AAS medal panel, the Minister for Industry, the head of a university
science department or science education department, a high school science teacher, or even a high school science
student. Each interviewee should have their own preference as to which scientist should be selected and at least
four scientists should be discussed during the interview.

Resources

ProjectsPLUS An inspiration for the future (pro-0071)

TOPIC 1 Investigating science 45



1.17 Review

Access your topic review eWorkbooks

Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-4973 ewbk-4975 ewbk-4977

Resources

1.17.1 Summary

Investigating skills and safety

e There are many materials and procedures in a science laboratory that can be dangerous. To ensure safety,
always follow the teacher’s instructions and wear appropriate safety clothing.

e Use filter funnels when pouring substances into test tubes from containers without lips.

e Look up the warnings that are associated with the chemicals you are using and adhere to the relevant safety
instructions.

Planning your own investigation

* When planning your own investigation consider your interests and think of a question that you might like to
investigate.

¢ All investigations should start with an aim that outlines the purpose of the investigation. Aims should start
with ‘to find out’, ‘to compare’, ‘to investigate’ or some other statement of what you intend to investigate.

¢ A hypothesis is a sensible guess about the outcome of an experiment. When forming your own hypotheses
do some research and use logic to make an educated guess.

e Hypotheses must be a statement that can be disproven. If your hypothesis cannot be disproven there is no
point in completing the investigation!

¢ FEthical considerations must be taken into account when deciding on an investigation. An investigation
should not harm or be upsetting to people or animals.

Record keeping and research

¢ A logbook can be used to keep track of your investigations.

¢ Each entry in your logbook should be dated like a diary.

¢ When researching information about the topic you are investigating, use multiple sources such as books,
websites, journals and scientific magazines.

e Check that the information you find is reliable. You can do this by researching the author’s qualifications or
legitimacy of the book/website.

Controlling variables

¢ In an investigation there will be multiple variables.

e The variable that you measure is called the dependent variable.

e The variable that you purposefully alter to record the effect it has on the dependent variable is called the
independent variable.

¢ All other variables should be kept constant. These variables are called controlled variables.

e It is very important that all variables that you are not purposefully altering are kept constant so that you can
be sure that the change in the dependent variable is caused by the change in the independent variable.

Scientific reports

¢ Scientific reports must contain certain sections so that they can be read and understood by people
worldwide.
e Abstracts are brief descriptions of the investigation, including the main conclusions.
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 Introductions present all relevant background information that needs to be understood before reading the
rest of the report.

e Materials are a list of the materials used in the investigation.

e The method is a detailed description of the steps taken throughout the investigation. It should be clear
enough that another person could replicate the investigation by following the steps.

e Results state the observations and data obtained throughout the investigation.

e The discussion is where the results are discussed and put into context. The meaning behind the results
should be explained in this section.

* The conclusion is a brief statement of what was learned in the investigation.

e The bibliography is a list of the resources used in the investigation.

Presenting your data

e The data obtained in an investigation can be difficult to read and understand when it is written as numbers
on a page.

* To more easily understand the data collected it should be presented visually in graphs and tables.

» Pie charts are a useful way of representing percentages of a whole. The segments of a pie chart represent
the percentage of the whole that it accounts for.

e Column and bar graphs are used to compare categories.

e Histograms are used to compare continuous data.

e Interpolation is the prediction of a value from a line of best fit using a value that is within the range tested.

e Extrapolation is the prediction of a value from a line of best fit using a value that is outside the range tested.
Extrapolation is not a very reliable method of predicting data.

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

making them a reliable source of data.
e Some data loggers are also able to plot the data they record to provide accurate graphs automatically.

Famous scientists

e Sir Isaac Newton (1642—-1727) was an incredibly influential scientist and mathematician who developed the
theory of gravitation that is still used to this day.

e Albert Einstein (1879-1955) is known for developing the theory of relativity, which describes the
relationship between energy and matter through the equation E = mc?.

e Louis Pasteur (1822-1895) identified that infection diseases are caused by microbes, developing a ‘germ
theory’, which he then used to develop vaccines for many deadly diseases. His work saved the lives of
millions of people and animals.

e Marie Curie (1867-1934) was the first scientist to win two Nobel Prizes. The first was for her
groundbreaking work on radioactivity and the second for the discovery of two new elements, radium and

polonium.

1.17.2 Key terms

accuracy how close an experimental measurement is to a known value

beaker container for mixing or heating substances

calibrate to check or adjust a measuring instrument to ensure accurate measurements

corrosive describes a chemical that wears away the surface of substances, especially metals

data information collected which can be used for studying or analysing

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.

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

filter funnel used with filter paper to separate solids from liquids

flammable describes substances such as methylated spirits that burn easily
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hypothesis a suggested, testable explanation for observations or experimental results; it acts as a prediction for
the investigation

independent variable the variable that the scientist chooses to change to observe its effect on another variable
line of best fit a smooth curve or line that passes as close as possible to all plotted points on a graph
measuring cylinder used to measure volumes of liquids accurately

oscillation one complete swing of a pendulum

pendulum an object swinging on the end of a string, chain or rod

period the time taken for one oscillation of a pendulum

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

qualitative data categorical data that examines the quality of something (e.g. colour or gender) rather than a
measurement or quantity

quantitative data numerical data that examines the quantity of something (e.g. length or time)

safety glasses plastic glasses used to protect the eyes during experiments

sensor device connected to an instrument such as a data logger that measures and sends information

toxic describes chemicals that are dangerous to touch, inhale or swallow

test tube thin glass container for holding, heating or mixing small amounts of substances

variables quantities or conditions in an experiment that can change

Resources
Digital document Key terms glossary (doc-34946)
eWorkbooks Study checklist (ewbk-4966)

Literacy builder (ewbk-4967)
Crossword (ewbk-4969)
Word search (ewbk-4971)

Practical investigation eLogbook Topic 1 Practical investigation eLogbook (elog-0592)

1.17 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 4,7 5,6

Remember and understand

1. The affinity diagram shown organises some of the ideas used by scientists into four groups. Each
category name is a single word and represents an important part of scientific investigations. However,
the category names have been jumbled up. What are the correct categories for groups A, B, C and D?
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Scientific investigation

Group A
Observation

Educated guess
Not certain
Prediction

Sensible

Group C

Hypothesis

Beam balance
Ruler
Thermometer

Stopwatch

Apply and analyse

Group B
Conclusion

Seeing

Tasting

Hearing
Feeling
Smelling
Noticing

Group D
Measurement

Outcome
Findings
Final
Fairly certain

2. Bahir was sick of being bitten by mosquitoes. He counted several bites each evening when he
sat outside to have dinner. He had heard that burning a citronella candle was a good way to keep
mosquitoes away. Design an experiment to test Bahir’s idea. List the independent and dependent
variables, and the controlled variables needed to make this a fair test. Suggest a control for your

experiment.

Evaluate and create

3. Four students each measured the temperature in the same classroom using a thermometer. Their

results are shown in the table given.

TABLE Temperature as measured by each of four students in the same classroom

Student Temperature (°C)

1

23.5

24.0

2
3
4

25.0
22.0

a. Construct a bar graph of these results.

b. Propose some possible reasons for the differences between measurements.

Jane and Greg decided to test how quickly water would boil when using either the yellow flame or the

blue flame of the Bunsen burner. They set up identical experiments, except that Jane used a blue flame

and Greg used a yellow flame. Their results are graphed below.

a. Suggest a title for the graph.

b. How long did it take for Jane’s water to boil?
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c. What was the temperature of Greg’s water when Jane’s water boiled?

d. In your own words, explain how you worked out the answers to parts (b) and (c).

e. Jane removed her beaker and Greg quickly placed his beaker over Jane’s Bunsen burner. Assuming
that the temperature of Greg’s beaker did not drop while swapping Bunsen burners, predict the time
at which his water would boil. Using your own words, explain how you predicted this.

f. Is this a valid method of investigation?

100
Jane’s /

80 result
%)
e 60 -~ _Thisis
3 when
« 3 Greg’s Greg
g result changed
g 40+
° Bunsen
= : burners.

20

0 T T T T ]
0 5 10 15 20 25

Time (min)

5. Singalia and Sallyana are two red panda cubs that were born at Sydney’s Taronga Zoo. The table
shows their masses during their first 22 weeks. The photograph shows one of the cubs being weighed.

TABLE Change in red panda cubs’
masses (grams) over 22 weeks

Week | Singalia Sallyana
{ 213 219
2 285 290
3 330 349
4 365 377
5 403 408
6 465 452
7 536 | 514
8 564 576
9 594 610

10 650 637
11 703 680
12 714 740
13 814 796
14 872 812
15 956 806
16 1111 786
17 1043 890
18 1130 1000
19 1163 1083
20 1182 1162
21 1225 1218
22 1335 1270

50 Jacaranda Science Quest 8 Victorian Curriculum Second Edition



a. Graph both sets of data onto a grid. Use different symbols for the points for each panda and label
each line with the panda’s name. You may have to extend the vertical axis to fit in the scale for the
pandas’ masses (or convert the masses to kilograms and plot in kilograms).

Q - 0® Q0T

What assumption did you make to answer the question?
6. This table shows the winning times for the men’s 400 m freestyle swimming event. The data are from
various Olympic Games from 1896 to 2016.

. Describe the growth of each of the panda cubs. How do they compare with each other?
. How long did it take the cubs to double their mass measured in week 1?

. Did the pandas grow at the same rate during the 22 weeks?

. Which were the fastest and slowest growth periods for each panda?

. What age was each of the cubs when it reached 1 kg?
. At what age would you predict each cub to reach 1.5 kg? Explain how you made your prediction.

TABLE Olympic Games winning times for the men’s 400 m freestyle swimming

Year Name, country Time (min:s)
1896 Paul Neumann, Austria 8:12.60
1908 Henry Taylor, Great Britain 5:36.80
1920 Norman Ross, USA 5:26.80
1932 7 Buster Crabbe, USA 4:48.40
1948 Bill Smith, USA 4:41.00
1960 Murray Rose, Australia 4:18.30
1972 Bradford Cooper, Australia 4:00.27
1984 George DiCarlo, USA 3:51.23
1996 Danyon Loader, New Zealand 3:47.97
2000 lan Thorpe, Australia 3:40.59
2004 lan Thorpe, Australia 3:43.10
2008 Tae-Hwan Park, Korea 3:41.86
2012 Sun Yang, China 3:40.14
2016 Mack Horton, Australia 3:41:55

a. Are data available for each Olympics every 4 years?
b. Construct a line graph of the times for the men’s 400 m freestyle over these years. Take into account

your answer to part (a).

c. Use your graph to estimate the winning time for this event in the 1956 Melbourne Olympic Games. Is
this an example of interpolation or extrapolation?

d. Discuss how the winning times have changed over the 120-year period.

e. Suggest some reasons for the change in winning times.
f. Discuss how you believe the winning times for the men’s 400 m freestyle might change over the next

40 years.

7. Create a storyboard that tells the story of the main events in the life of one of these famous scientists.

a. Albert Einstein

b. Sir Isaac Newton

c. Marie Curie

d. Louis Pasteur

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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Resources

RESOURCE SUMMARY

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

1.1 Overview

eWorkbooks

* Topic 1 eWorkbook (ewbk-4961)

® Student learning matrix (ewbk-4963)
® Starter activity (ewbk-4964)

1.5 SkillBuilder — Writing an aim and
forming a hypothesis
eWorkbook

e SkillBuilder — Writing an aim and forming a
hypothesis (ewbk-4626)

Practical investigation eLogbooks
® Topic 1 Practical investigation eLogbook (elog-0592)
® Investigation 1.1: Milk now or later? (elog-0588)

Weblink
* CSIRO

1.2 Investigating skills

eWorkbooks
® Safety in the laboratory (ewbk-4947)
* Safety rules (ewbk-4948)

Video eLesson

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

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

1.7 Controlling variables

eWorkbook
® Fair testing (ewbk-4950)

Practical investigation eLogbook
® Investigation 1.2: The period of a pendulum (elog-0590)

* How to light a Bunsen burner (eles-2360)

Interactivity
* Using equipment (int-0200)

1.8 SkillBuilder — Controlled, dependent
and independent variables

Weblink eWorkbook
© Robert Bunsen ¢ Skillbuilder — Controlled, dependent and
independent variables (ewbk-4630)

1.3 SkillBuilder — Using a Bunsen burner

Video eLesson
® Controlled, dependent and independent variables

eWor.'kbc?ok ) (eles-4156)
¢ Skillbuilder — Using a Bunsen burner (ewbk-4622)
. Interactivity
Vid L
! e9 ekesson ® Controlled, dependent and independent variables
® Using a Bunsen burner (eles-4154) (int-8090)

Interactivity
® Using a Bunsen burner (int-8088) 1.9 Scientific reports
eWorkbook

1.4 Planning your own investigation « Scientific reports (ewbk-4951)

eWorkbook
* Observations and inferences (ewbk-4949)
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1.10 Presenting your data 1.15 Famous scientists

eWorkbooks Video eLessor.ls o
* Scientific drawing skills (ewbk-4952) ® Career spotlight: scientist (eles-0766)
* Data analysis (ewbk-4953) ® |saac Newton (eles-1771)
] ) ] ) Interactivity
1.11 SkillBuilder — Constructing a pie * Pasteur’s experiment (int-3420)
chart
eWorkbook 1.16 Project — An inspiration for the future
e Skillbuilder — Constructing a pie chart (ewbk-4634) ProjectsPLUS

Video eLesson ® An inspiration for the future (pro-0071)

® Skillbuilder: Constructing a pie graph (eles-1632) )
1.17 Review

eWorkbooks
® Topic review Level 1 (ewbk-4973)
* Topic review Level 2 (ewbk-4975)

Interactivity
e Skillbuilder: Constructing a pie graph (int-3128)

1.12 SkillBuilder — Creating a simple * Topic review Level 3 (ewbk-4977)
column or bar graph * Study checklist (ewbk-4966)
® Literacy builder (ewbk-4967)
eWorkbook * Crossword (ewbk-4969)
¢ Skillbuilder — Creating a simple column or bar graph * Word search (ewbk-4971)
(ewbk-4636) * Reflection (ewbk-3038)

Video eLesson

e Skillbuilder: Creating a simple column or bar graph e

* Topic 1 Practical investigation eLogbook (elog-0592)

(eles-1639)
. Digital document
Interactivity
e Skillbuilder: Creating a simple column graph QAU R )
(int-3135)

1.13 SkillBuilder — Drawing a line graph

eWorkbook
e Skillbuilder — Drawing a line graph (ewbk-4638)

Video eLesson
¢ Skillbuilder: Drawing a line graph (eles-1635)

Interactivity
e Skillbuilder: Drawing a line graph (int-3131)

To access these online resources, log on to www.jacplus.com.au.
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SkillBuilder — Using a Bunsen burner
1.3.1 Tell me

Why use a Bunsen burner?

Many experiments in the laboratory require heating using a Bunsen burner. A Bunsen burner provides heat
when a mixture of air and gas is lit. Although the same amount of gas comes out of the gas jet located inside the
barrel, attached to the base of the burner, the amount of air and hence oxygen is able to be varied by changing
the size of the airhole by rotating the collar. Bunsen burners heat objects or liquids with a naked flame, and
therefore there are precautions that must be taken to ensure the safe usage of a Bunsen burner.

The Bunsen burner must be ignited using the yellow or safety flame, with the airhole closed, so that the flame
can be seen. The blue flame of the Bunsen burner, seen when the airhole is open, is used for heating but it is
difficult to see. Because the flame appears at the top of the Bunsen burner, the barrel can become hot and may
cause burns to skin if touched. Do not handle the barrel; allow it to cool at the end of an experiment. Use the
base of the Bunsen burner if the burner needs to be moved or handled; it is designed not be become hot.

What is the application of Bunsen burners in science?

Bunsen burners provide heat, the amount of which can be changed by adjusting the airhole on the collar. It is the
ease of adjusting the path and intensity of the flame that makes the Bunsen burner so versatile and useful in the
science laboratory. This allows liquids in test tubes to be heated evenly and without boiling over.

FIGURE 1 a. The components of a Bunsen burner b. The yellow visible flame is known as the safety flame and is
less hot than the blue flame.

(a)

Barrel

Gas hose

Collar
Blue heating flame

Airhole
(gas jet inside)

\

Base Yellow safety flame

1.3.2 Show me

How do we use a Bunsen burner?
Materials

* Bunsen burner

e matches or Bunsen burner lighter
* heatproof mat

safety glasses

lab coat
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CAUTION

Ensure long hair is tied back and wear a lab coat and safety glasses.

Method
Step 1
Place the Bunsen burner on a heatproof mat.

Check that the gas tap is in the ‘off” position.

Step 2
Connect the rubber hose to the gas tap.

Step 3
Close the airhole of the Bunsen burner collar.

Step 4
Light a match and hold it a few centimetres above the barrel.

Step 5
Turn on the gas tap and a yellow flame will appear.

Step 6
Adjust the flame by moving the collar until the airhole is open and a blue flame appears.

Resources

eWorkbook SkillBuilder — Using a Bunsen burner (ewbk-4622)

Interactivity Using a Bunsen burner (int-8088)

1.3.3Let me do it

Complete the following activities to practise this skill.

1.3 ACTIVITIES

1. The diagram of the Bunsen burner provided has the parts separated so you can see them clearly.

BT
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a. Name each of the parts of the Bunsen burner.

b. Describe the function of the third and fourth labels from the top and the effect on the flame.
2. a. Give two reasons why the blue flame can be hazardous.

b. Why is the yellow flame also referred to as the ‘safety flame’?

c. Which is the hottest part of the flame in the diagram that follows, at label A, B, or C?

C

3. Identify if each of the following statements is true or false.
. Always wear safety glasses and a lab coat when using a Bunsen burner.
. If you have long hair, always tie it back when using a Bunsen burner.
. Always light the Bunsen burner with the airhole fully opened.
. Always light a match and hold it above the Bunsen burner barrel before turning on the gas tap.
. Always leave the Bunsen burner on the blue flame when you are not heating anything.

Always leave the Bunsen burner on the blue heating flame when you are heating something.

. Always extinguish a Bunsen burner flame by turning off the gas tap.
. If the Bunsen burner goes out accidentally, turn the gas tap off immediately.

Checklist

| have:

identified the main parts of the Bunsen burner

tied long hair back, worn a lab coat and safety glasses

identified that the yellow flame is used for lighting the Bunsen burner and the blue flame is used for
heating

allowed the Bunsen burner to cool before touching it after an experiment.

Q@ 0 Q0 T O
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SkillBuilder — Writing an aim and forming a hypothesis
1.5.1 Tell me

Why do we need to write aims and form hypotheses?

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

What is the application of aims and hypotheses in science?

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

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

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

1.5.2 Show me

How do we write aims and form hypotheses?
Materials

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

Method

Step 1

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

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

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

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

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

Step 4

Refine your aim into a hypothesis, in this case written as an if” and ‘then’ statement. This should again link
your variables. For example, if the same number of warrigal seeds and cuttings are planted and the two crops
compared after one month, then the cuttings will produce a greater weight of picked leaves.
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Step 5
Check that your hypothesis is able to be tested or backed up by data. In this case the two crops of leaves can be
weighed and compared.

1.5

Resources

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

SlLetmedoit

Complete the following activities to practise this skill.

1.5 ACTIVITIES

1.

Decide if the statements below are true or false.

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

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

c. The hypothesis is written as a question.

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

A student was interested in investigating how to grow the

bushfood warrigal greens, using seeds, to produce a plentiful

crop in the shortest amount of time. The student observed

that some plant seeds germinate only when soaked in water

or exposed to smoke.

a. Write an aim for the student’s investigation.

b. From your aim, write a hypothesis for an investigation.

c. Describe how your hypothesis could be tested.

a.

3. Decide if each of the options below is written as an aim, a hypothesis or neither and then circle your
choice.
i. To determine how much rubbish is collected from my school in one day.
ii. If the different colours of new cars purchased this year were calculated, then the most popular
colour would be black.
ili. Chocolate is the most popular snack food at my school.
iv. If the temperature drops below five degrees Celsius for three days in a row then it will rain on the
fourth day.
v. To investigate how tall a wall mirror should be in order for me to see my full height (185 cm) from
one metre away.
b. For any of the options in part a, that is neither an aim nor a hypothesis, rewrite it as a possible
hypothesis.
Checklist
| have:

chosen an idea or problem that is not too general

rewritten the idea as a question to form the aim

developed my aim into a hypothesis in the form of an if-then statement
checked to see if my hypothesis is able to be tested or backed up by data.
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SkillBuilder — Controlled, dependent and independent
variables
1.8.1 Tell me

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

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

What is the application of variables in science?

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

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

1.8.2 Show me

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

¢ 2 thermometers or temperature probes

e 2 identical glasses or beakers

e ice-cube trays that make cube-shaped iceblocks

e ice-cube trays that make spherical-shaped iceblocks

e 1L of water

¢ measuring cylinder

Method

Step 1

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

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

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

Step 3

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

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

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

Step 5

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

Step 6

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

Resources

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

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

1.8.3 Letmedo it

Complete the following activities to practise this skill.

1.8 ACTIVITIES

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

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

b. What is the dependent variable in this case?

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

a. ldentify the independent variable.

b. Identify the dependent variable.

c. Which two variables are controlled?

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

Checklist

| have:
¢ identified the dependant variable
¢ identified the independent variable
¢ identified the controlled variables.
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SkillBuilder — Constructing a pie chart
1.11.1 Tell me
What is a pie graph?

A pie chart, or pie graph, is a graph in which slices or segments represent the size of different parts that make up
the whole. The size of the segments is easily seen and can be compared. Pie graphs give us an overall impression
of data.

How are pie graphs useful?

Pie graphs give us an overall impression of data. They are useful for comparing proportions of categories.
However, if there are more than eight segments, the graph becomes difficult to read and it is better to use a bar
graph. Unlike line graphs, pie graphs are not useful for showing a trend over time.

A good pie graph:
¢ has a clear and accurate title that explains the purpose of the graph
¢ has segments that are either labelled directly or indicated by means of a colour key
e includes percentages or raw figures
¢ has segments drawn clockwise from largest to smallest, starting at 12 o’clock with the largest and finishing
at 12 o’clock with the smallest, unless there is ‘other’, which is always last
¢ includes the source of the data.

What is the application of pie graphs in science?

Pie graphs are used in scientific applications when a quick and easily understood representation of data is
required. Pie graphs are usually easily understood even if an understanding of the science behind the data is not
understood, and so are effective in communicating results of discreet data that are part of a whole.

1.11.2 Show me

How to complete a pie graph
Materials
e paper
e a pencil
e a protractor
e aruler
¢ coloured pencils
e adata set — in this case, energy generated from renewables in New Zealand (table 1)

Model

TABLE 1 Percentage of electricity generated from renewables in New Zealand by energy source (2010)

Renewable energy Percentage (%)

Hydro 28
Bioenergy and solar 20
Wind 2
Geothermal 50

Note: In 2011, 77% of all electricity generated in New Zealand came from renewable resources.
Source: New Zealand Energy Data File 2012
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Method
Step 1
Order the statistics from largest to smallest. If there is an ‘other’ category, put it last.

The largest amount of renewable energy is generated by geothermal so it is at the top of the table, as per the
example that follows.

Renewable energy Percentage (%)

Geothermal 50
Hydro 28
Bioenergy and solar 20
Wind 2

Step 2
If there are raw figures, convert them to percentages. You divide each category by the total figure and multiply
by 100.

The categories are already percentages and add to 100%.

Step 3
Convert the percentage to degrees of a circle by multiplying by 3.6. (100 per cent of the circle = 360 degrees, so
1 per cent of the circle = 3.6 degrees.)

TABLE 2 Converting percentages to degrees in circle

Renewable energy Percentage (%) Degrees in circle (percentage x 3.6)

Geothermal 50 180

Hydro 28 100.8

Bioenergy and solar 20 72

Wind 2 7.2
Step 4

Using a protractor or digitally, construct a circle to fit your page. Draw a straight line from the centre of the
circle to 12 o’clock.

Step 5
Use the protractor to mark the first and largest segment, working clockwise. To do this, place the O degrees line

on the protractor along the line you have just drawn. Now mark in the second largest group. Use the protractor to
mark each of the other segments in descending size, marking the ‘other’ category last.

Step 6
Label and colour each segment, making sure you include the percentage.

Step 7
Provide a clear title and source.

Resources

eWorkbook Skillbuilder — Constructing a pie chart (ewbk-4634)
Interactivity Skillbuilder: Constructing a pie chart (int-3128)
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FIGURE 1 Percentage of electricity generated from renewables in New Zealand by energy source (2010)

|'2%

[ Geothermal

[ Hydro
[l Bioenergy and solar
Wind

Source: New Zealand Energy Data File 2012

1.11.3 Let me do it

Complete the following activities to practise this skill.

1.11 ACTIVITIES

1. Use the data in table 3 to create a pie graph. Use the checklist to ensure you cover all aspects of the
task.

TABLE 3 Source of electricity worldwide, 2010

Source of electricity Percentage (%)

Coal 42
Oil 5
Natural gas 21
Nuclear 13
Hydro 16
Other 3

Source: Based on data from OECD 2011, Factbook 2011-2012: Economic, Environmental and Social Statistics, OECD
Publishing, http://dx.doi.org/10.1787/factbook-2011-49-en

2. Once you have created your pie graph, apply the skills you have developed in this SkillBuilder to

answer the following questions.

a. What is the most common source to produce electricity?

b. Are renewables or non-renewables the main source of electricity?

c. Name a renewable that is part of the ‘other’ category.

d. In Iceland 70 per cent of all electricity is produced from hydropower and 30 per cent is produced
from geothermal power. Is this similar to or different from the world trend?

e. Research the sources of energy production for another country. Compare your results to Australia
and Iceland.

Checklist
| have:
® provided a clear title and source
* plotted the data accurately and labelled each segment
¢ included the percentages
® shown largest to smallest clockwise from 12 o’clock with ‘other’ last.
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SkillBuilder — Creating a simple column or bar graph
1.12.1 Tell me

What are column or bar graphs?

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

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

FIGURE 1 Rainfall at Darwin Airport

500
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o
o
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Source: © Bureau of Meteorology

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

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

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

How to complete a column graph
Materials

a table of data (table 1)

e graph paper

e apencil

e aruler.

Model

FIGURE 2 A labelled column graph

Includes a title
Ruled axes l

0 l Mean rainfall at Darwin Airport, Northern Territory
55

500
450

400 —

A space between each column

»Mean rainfall (mm)
N N W w
o (&) o [$)]
o o o o
1 1 1 1

150

100 —

50 —

January February March April May June ‘ July ‘August éeptemberOctober November December
Month

Source: Bureau of Meteorology

Includes the source of information

Labelled axes

Method

Step 1

Examine the data. Decide on the scale to use for your vertical axis. For this example the vertical axis should start
at zero and increase at intervals to suit the data. As the highest rainfall for any month for Cardwell is 465.9 mm,

intervals of 50 would be suitable. For this exercise you could use 1 cm to represent S0 mm of rainfall. Draw your
vertical axis according to the scale you have devised.
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TABLE 1 Mean monthly rainfall for the years 1871 to 2016, Cardwell, Queensland

Statistics

Mean 438.5 | 465.9 | 400 208.6 | 94.7 47 32.4 29.2 38.5 54.4 115.2 | 193.5
rainfall

(mm) for
years 1871
to 2016

Source: © Bureau of Meteorology

Step 2

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

Step 3

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

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

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

FIGURE 3 Mean monthly rainfall for the years 1871 to 2016, Cardwell, Queensland
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Source: © Bureau of Meteorology
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Resources

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

1.12.3 Let me do it

Complete the following activities to practise this skill.

1.12 ACTIVITIES

1.

2.

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

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

Mean 507.3 | 590.1 |662.2 |456.3 | 302.2 | 189 137.6 |116.9 | 86.1 |87.7 | 157.9 | 262.6
rainfall

(mm) for

years

1881 to

2016

Once you have constructed your graph, apply the skills you have learned in this SkillBuilder to answer

the following questions.

a. Which month has the most rainfall?

b. Which month is the driest?

c. Imagine you are a filmmaker, planning to film on location in Innisfail for three months. As rain would
cause problems for your filming schedule, which months would be best for your requirements?

Checklist
| have:

ruled axes

labelled axes

a space between each column
included a title

included the source of information.
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SkillBuilder — Drawing a line graph
1.13 Tell me
What is a line graph?

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

How are line graphs useful?

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

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

FIGURE 1 Water use in the Murray-Darling Basin
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Source: © Department of Environment, Water and Natural Resources,
South Australia Government «—— Source
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What is the application of line graphs in science?

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

1.13.2 Show me

How to complete a line graph
Materials

e data

e graph paper
e a pencil

e aruler

Model

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

2001 16
2004 17
2007 19
2010 26

Source: © Australian Bureau of Statistics

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

Draw a horizontal and vertical axis using a ruler.

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

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

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

Step 3
Add a title and a source to the graph.
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FIGURE 2 Use of rainwater tanks by household, 2001-2010
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Source: © Australian Bureau of Statistics
Resources

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

1.13.3 Let me do it

Complete the following activities to practise this skill.

1.13 ACTIVITIES

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

TABLE 2 Daily residential water consumption for South Australia

Year | Daily residential water consumption (litres)

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

Source: SA Water, Annual Reports

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

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

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

Checklist

| have:

labelled the axes

® provided a clear title and source
plotted the data accurately

® joined the points with a smooth line.
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2 Language of learning

LEARNING SEQUENCE

2.1 Overview
2.2 Problem solving with thinking hats
2.3 The language of understanding
2.4 At first glance
2.5 Coded communication
2.6 Telling tales
2.7 Cartoon quest
2.8 Unlocking meaning
2.9 Total recall?
2.10 Thinking tools — Venn diagrams
2.11 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

What do you know about ‘big picture’ learning? Your brain may have trouble taking on a whole concept or big

idea at once ... so instead you could choose to break a concept down into smaller pieces and ‘nibble away’ at a

concept over time. To do this, it often helps to be able to map out your learning journey so that you know where
you are going.

FIGURE 2.1 Information stored in the brain is like a map, connecting different ideas as roads connect towns
and cities.

iving Sbuth on Maplecrest C
e —— E‘

2.1.2 Think about learning

Which coloured hat should you ‘wear’ to think creatively?
What'’s the difference between a ‘fat’ and a ‘skinny’ question?
What can you do to make a good first impression?

How do we communicate our feelings without using words?
Who gave dinosaurs their names and why?

What do emotions have to do with memory?

[ B S
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2.1.3 Science inquiry

The three-floor thinking model

On what floor is your thinking?

floor that the groundwork is laid.

Second-floor thinkers process the information. On this
floor,
and which is not, and then try to make some sense of it.
This may involve brainstorming and playing with the
ideas, looking for patterns or analysing data.

Third-floor thinkers apply information. They understand
what needs to be done and complete it. On this floor, tasks
are prioritised and further ideas are synthesised or
evaluated. This may also be the floor for assembling the
parts and adding the creative finishing touches.

Investigate, design and create

1. Select a project topic from one of the following and
use the three-floor thinking model to gather, process
and apply your information. Invent, design and construct
a model of a device or method that would help to:

. identify a range of common rock types

. sort household wastes

. recycle household wastes

. test the effectiveness of detergents

. test the effectiveness of toothpaste.

O Q0T

2. Use the three-floor thinking model to gather, process
and apply information about an example of how
science informs laws and guidelines about health or
our environment. Present your findings as an
advertisement that incorporates multimedia or animation
to effectively communicate the relevant scientific
understanding behind the law or guideline. You may
select one of the following examples or identify
your own example. Some examples of laws and
guidelines influenced by our scientific knowledge
include:

FIGURE 2.2 Are you on your first, second or third
First-floor thinkers gather information. It is on this thinking floor?

thinkers decide which information is relevant

Include information on the chemical and physical
properties of your selected topic.

quarantine laws

food handling laws

bushfire safety guidelines
laws about wearing seatbelts
chemical storage guidelines
fire restriction laws.
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Resources

eWorkbooks Topic 2 eWorkbook (ewbk-5212)
Student learning matrix (ewbk-5214)
Starter activity (ewbk-5215)

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

2.2 Problem solving with thinking hats

LEARNING INTENTION

At the end of this subtopic you will be able to effectively use thinking hats to problem solve.

2.2.1 Thinking with different hats

There are number of very useful tools that can help develop your thinking. One of these was created by a great
thinker by the name of Edward de Bono. He created the idea of using different coloured thinking hats for
different types of thinking. These hats don’t even have to be on your head. The idea behind each hat just needs
to be in your head.

FIGURE 2.3 The six coloured thinking hats provide different ways of thinking about a problem.

N L TP N
i What Ghinkin
> 15 neede'd ,

The six thinking hats
thinking hats a thinking tool

e White thinking hat looks for information or facts developed by Edward de Bono
* Black thinking hat looks for problems using different coloured hats for
¢ Blue thinking hat looks at the thinking process CERITE SIS ST dng

® Red thinking hat examines feelings or uses intuition

® Yellow thinking hat considers the positive

°

Green thinking hat looks for creative solutions
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2.2.2 What is the problem?

If there is a problem, this often suggests that something could be improved or made
better. Your black thinking hat is a good hat to put on for thinking about this.

Once you have pinpointed your problem, you can start thinking about what end results
or outcomes you would like. It is sometimes helpful to consider the hurdles that may
impede your success and how high you will need to jump to overcome them!

FIGURE 2.4 Working in a team is often the most effective
way to approach a solution to a problem.

Writing a problem statement to help you focus on the issue is often useful. For example, you may state ‘who’,
‘does’ (action verb) and ‘what’ for your problem. However you express it, it’s important that you take ownership
of the problem and phrase it in your own words.

2.2.3 What are the facts?

This is the time to put on your white thinking hat and move into your first-floor
thinking room. It is here that you lay the groundwork. If you are accurate, persistent
and thorough in this stage, then your progress through the other phases is likely to be
much smoother. Start with what you already know about the problem. Ask yourself
questions about who, where, when, why, how and what has been tried so far. You can
document this initial information as a KND chart (what do we Know?, what do we
Need to know? and what do we need to Do?) in a table or columns with these title
headings.

FIGURE 2.5 First-floor thinking gathers facts.
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2.2.4 After the facts

Once you’re clear about what the problem is, you need to look at it from different
perspectives by using your red thinking hat. Remember that there is usually more than
one side to a problem. When you are finding your information, consider different points
of view so that you can better understand the issue. It is also useful to talk to others to
find out how they feel about it.

During this phase, the information that you find may require you to modify or rephrase
your problem statement.

2.2.5 What are some possible solutions?

Now it is time to move up to your second floor of thinking and put on your blue and
yellow thinking hats.

With your blue thinking hat on, you can think about what you now know and try to
make sense of it. You can use target maps to determine what is relevant to possible
solutions and what is not.

Then you can put on your yellow thinking hat. This is when you and your team can
become a real ‘think tank’. You may find thinking keys and visual thinking tools very
useful in this creative part of problem solving. Some of the really useful keys are the
‘What if” and the ‘Forced relationship’ keys, which allow you to creatively think of
scenarios and relationships to solve a problem. Most brainstorming webs help you to
develop your creative thinking. Brainstorming can be well recorded on mind

maps, cluster maps or single bubbles.

FIGURE 2.6 Second-floor thinking processes information.

2.2.6 Which is the best idea?

Your critical thinking becomes very important in selecting the best possible solution to your problem. Many of
the habits of mind may help you to use intellectual behaviours that support the development of critical thinking.
This is when task-specific graphic organisers such as priority grids can help you to structure your thinking,
organise your ideas and stay focused.

Selection criteria can also be useful to help you to select the most appropriate habits of mind types of thinking
alternative or idea. These may include consideration of an idea’s usefulness in behaviours promoted by Bena

.. . . . .. Kallick and Arthur Costa
achieving something, effects that it may have or how feasible it is.
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2.2.7 Your action plan

You are up on the third floor now. This is where your green thinking hat can be put to
good use. The time has come to divide and prioritise tasks and check your timelines.
You can use thinking process maps to help both creative and critical thinking. You may
use them to decide what needs to be done and then to order or sequence this within a
time frame. Visual maps that may help you with this include timelines and flowcharts.

FIGURE 2.7 Third-floor thinking applies information.

FIGURE 2.8 When you are working on trying to solve a problem, it is easy to get ‘stuck’. The important thing is
not to give up and to develop your own strategies to help you ‘move on’.

Make a decision. g a——" Ask a questlon’) I am— —>

Make a link? —| |‘ Prior knowledge?
DISCUSSION

a. Some believe that teaching people to think critically is the best training for informed and intelligent
democratic citizens. Do you agree with this idea? Why or why not? Show your responses in a SWOT
analysis (strengths, weaknesses, opportunities, threats).

b. Is asking questions, probing assumptions and seeking reasons valued in all cultures? Give examples to
support your response.
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Resources

eWorkbook Thinking keys (ewbk-5236)
assessm Additional automatically marked question sets

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
1,2,4,6 3,7,8 5,9,10

Remember and understand

Which thinking hat and thinking floor are used for fact finding?

How can yellow thinking hats and visual tools help you to solve problems?
State the difference between the black and white thinking hats.

Which visual tools may help you develop your action plan?

Suggest a way that a problem statement can be constructed.

aghroNA

Apply and analyse

6. Suggest how target maps can help you in the problem-solving process.

7. a. Appropriate use of language can also help you to clarify problems. Some personal problem
statements may begin as shown below. For each of these, complete the sentence to describe a
personal problem that may be experienced by someone your age.
® ‘| feel angry when ...
® ‘It worries me that ...’
® ‘I'd love to be able to ...’
® ‘| hate it when ...’
® ‘It stresses me that ...’

b. Select one of these problems and go through the problem-solving stages 2-6 shown in this subtopic.

8. a. Brainstorm examples of problems that would fit under each of the following problem categories.

i. What is unjust in Australia? ili. What costs too much?
ii. What takes too long? iv. What is disorganised?
b. Select one of these problems to research and put together a suggested action plan to solve it.

Evaluate and create

9. a. Brainstorm a list of at least ten things that need improving at your school.
b. For each item, suggest a reason it needs to be improved.
c. Select one of these things to investigate and creatively problem solve.
10. Select one of the following categories of problems and then focus on one problem that is relevant to it.
Use your creative problem-solving skills to come up with an action plan.
a. Social problems (examples include drug abuse, bullying, racism)
b. Environmental problems (examples include pollution, endangered species, bushfires, droughts,
floods)
c. Global problems (examples include terrorism, disease/health, national disasters)

Fully worked solutions and sample responses are available in your digital formats.
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2.3 The language of understanding

LEARNING INTENTION

At the end of this subtopic you will be able to describe different words to describe various ways of thinking and
learning, and develop questions and use visual thinking tools to solve problems and deepen understanding.

2.3.1 Choosing your words carefully

The words that you use to communicate reveal a lot about you — your beliefs and assumptions, and your
feelings about yourself and others. When speaking to others, try to use language that is inclusive (language

that doesn’t make people feel left out and uncomfortable), avoid putting yourself or others down, refrain from
labelling others and use proactive rather than reactive language. For example, instead of saying ‘There’s nothing
I can do about it’, say ‘Let’s think of the alternatives’.

Understanding language

When you are trying to make sense of words associated with understanding, it is helpful to divide them up into
categories:

e apply — How and where can I use this knowledge?

e explain — Why is it so? How does it work?

e self-knowledge — What are my weaknesses? How do I best learn?

e interpret — What does this mean?

e perspective — Is it reasonable? Whose point of view is this?

e empathy — What are others aware of that [ am missing?

An awareness and working knowledge of these types of thinking can increase the depth of your understanding.

FIGURE 2.9 The following diagram shows the different categories of the language of understanding.

Design
Read g Demonstrate
between
the lines Create Solve
Synthesise
Tell a story .
Produce Decide
— Show
Translate
Explain Justify
Judge Interpret
Design
Evaluate Language of
understanding
Compare —I Be aware of
Contrast ———— Self-knowledge Realise
Argue Consider — —  Imagine Recognise
Analyse  ——— Believe / \ Relate ——— Reflect
Criticise =~ —— Be like Self-assess
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2.3.2 Is your learning bag packed?

One of the goals of learning is to make information portable, so that it can be used in new situations and
locations. Transfer of learning occurs when learning is taken into new contexts and applied in innovative ways.

At first glance, transfer of learning may seem to be difficult and out of reach. You may need to use your
critical and creative thinking to make the task more manageable. Visual thinking tools can provide you with
opportunities to practise these types of thinking.

FIGURE 2.10 Examples of critical and creative thinking tools

Concept Concept
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Feature
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Feature Feature
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Jacaranda Science Quest 8 Victorian Curriculum Second Edition



‘Fat’ and ‘skinny’ questions

If you don’t ask the right question, you won’t get the right answer! ‘Skinny’ questions usually require only a
brief, simple response. For example, ‘Name your best friend” or ‘Have you had science class yet?’

‘Who influences you and how?’ is an example of a ‘fat’ question. These questions take time to think through.
They require deeper understanding, discussions and explanations that include relevant examples.

ACTIVITY: Multicultural Australia

Australia is a multicultural country because it includes people from many different cultural groups.

a. In teams, identify examples of two different cultural groups in Australia.

b. Use a thinking tool (as shown in figure 2.10) to record what you already Know, what you Want to find
out and what you have Learned, after researching the different perspectives each of these cultural
groups.

c. Suggest three ‘fat’ questions that would help you to deepen your understanding of the different cultural
perspectives.

d. Create a class collage of the different cultural perspectives.

Resources

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
Question Question Question
1 2 3

Remember and understand
1. Suggest ways that you can use language positively when you communicate with others.
Apply and analyse

2. For each question below, provide a response and suggest which type of understanding it belongs to.
a. Why is it illegal to smoke cigarettes in restaurants and other public areas?
b. What are the different points of view about stem cell research?
c. What would it be like to be a genetic engineer?

Evaluate and create

3. Metacognition is the act of ‘thinking about your own thinking’. This is when you notice and scrutinise
what you are thinking. It also involves thinking about how you are thinking. Answer the following:
® What am | thinking about?
® What does this mean?
® What caused me to think about this?
® What have | learned?
® How do | know that I’'m right?
* How might | think about this differently?

Fully worked solutions and sample responses are available in your digital formats.
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2.4 At first glance

LEARNING INTENTION

At the end of this subtopic you will be able to describe ways in which you can communicate with others more
effectively.

2.4.1 Rapid rapport

Your understanding can be influenced by trust. FIGURE 2.11 When you meet someone for the first time,
When you meet someone for the first time, you what sorts of things make a good impression on you?
may be lucky enough to have rapport; however, What sorts of things make a bad impression?

trust needs time to develop. Your verbal and
nonverbal communication can influence not only
how others see you, but also how you see yourself.

You meet someone for the first time and want to
make a good impression. In fact, you really want
to make a good first impression! Good rapport
may be initiated by non-verbal signals such as eye
contact, mirroring behaviour, posture or breathing.
In fact, non-verbal cues are thought to make up
about 65 per cent of your first impression. Only
35 per cent is due to verbal cues such as words,
pace, inflection, pitch and volume.

If you want to develop rapport, then you can pay attention to another person’s body language and subtly mirror
it. For example, you could mirror their gestures, postures, muscle tension and facial expressions. You can also
show active listening skills in both verbal and non-verbal ways.

2.4.2 Listening skills
The big bad Ws

Are you a good listener? Do you really listen to FIGURE 2.12 Listening is a very important scientific skill.
what the other person is saying, or do you:

® want to interrupt?

e want to have your own conversation within
(rehearsing what you want to say)?

e wait for an opportunity to make public only
your own wishes and wants?

Three Ps of listening skills

When you are listening, do you:

® pause and not talk over the other person?

e probe what they are really saying? Are there
generalisations, omissions or distortions in
their comments? Do you need to ask questions
to gain clarity about what they really mean?

e paraphrase what they have said to show that rapport a relationship of mutual
you have been listening and to develop rapport? trust and understanding
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ACTIVITY: Another perspective
In this activity you will research and think about how scientists observe animals in the wild.

Scientists often observe animals in their natural wild habitat. Some animals react aggressively to the presence
of humans, although the scientists make painstaking efforts to be unobserved. Often the presence of humans
changes the animals’ normal behaviour.
1. Find out more about scientific observations of animals in the wild and summarise your findings into a

PMI chart (plus, minus, interesting).
2. a. State and justify your opinion about scientists observing animals in the wild.

b. Suggest comments that a scientist involved may have regarding your opinion.
3. Use your imagination to write a story from the perspective of the animal being observed.

Resources

Video eLesson This car workshop owner is showing good listening skills when talking with a customer
(eles-2563)

2.4.3 What are you saying?

Whether you are talking informally or giving a formal presentation, it’s good to consider how you communicate
your thoughts, emotions and attitudes. For instance, when you are having a conversation, do you map what you
or the other person is saying in your mind? This can help to clarify and give structure to your shared dialogue.

If you look at a road map, you see that locations are indicated by different fonts (e.g. larger or coloured letters)
and areas are indicated by colours or shading. In a conversation, your non-verbal signs indicate parts that have
greater influence or meaning (e.g. when you increase your volume or alter your tone). There are often hidden
meanings (assumptions and beliefs) below the surface of language. Can you think of any examples?

ACTIVITY: Active listening

In this activity you will practise and develop active listening
skills.

There are many ways to help you develop your active listening
skills. Some people use the PACTS method:

Paraphrase or play back what has been said in your own
words.

Affirm or appreciate what has been said.

Clarify or check on specific details of what has been said.

Test options and prompt talk that tempts new ideas.
Seek out and be sensitive to the talker’s feelings.

Practise the PACTS method by completing the following tasks:

1. Research a scientific discovery, summarising your findings into a cluster map or mind map.

2. In a team of three, decide who will be persons A, B and C.
® Person A talks about ‘their scientific discovery’ for two minutes, while person B listens.
® Person B then paraphrases what person A has said, asks questions to clarify, and provides

affirming comments to show what they appreciated.
® Person C shares their PMI chart with persons A and B and the team discusses it.

4. Now, swap roles, with person A watching and recording a PMI chart on what happens between person
B and person C. Person B talks about ‘their scientific discovery’ for two minutes, while person C
listens. Repeat the steps from the previous exercise.

5. Individually reflect on what you have learned, and how you could use this to become a more effective
listener.
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Resources

assessm Additional automatically marked question sets

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
Question Question Question
1 2 3

Remember and understand
1. Which of the three Ps can be used to demonstrate that you have been listening attentively?
Apply and analyse

2. a. Score yourself between 0 and 4 on the following questions (where 0 is never and 4 is always).
i. |fidget when someone is talking to me.
ii. | finish other people’s sentences.
ili. |talk over other people.
iv. My body language suggests that I’'m not interested in what people are saying.
v. |interrupt when someone else is talking.
vi. | don’t look at the speaker when they are talking to me.
vii. | think about what | will say next, rather than listening to the person talking.
viii. While listening, | sneak a look at my watch.
b. Comment on what you have learned from this quiz and what you could do to be a more
effective listener.

Evaluate and create

3. a. Think about an occasion when you met someone for the first time. List the sorts of things you
noticed about them in the first few minutes.
b. Compare your list with others. Use a Venn diagram to show any similarities and differences.
c. Discuss the similarities and suggest reasons for your shared first impressions. Use a cluster map to
summarise the key points.
d. Outline whether the features of a good first impression are always the same or if they change in
different situations.
e. Use a diagram, sketch or cartoon of yourself to describe the first impressions that you give to others.
. On the basis of this activity, are you likely to change anything you do or say prior to meeting
someone you want to impress? Write these ideas down and think about how you can incorporate
them into situations when meeting someone for the first time.

=h

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

LEARNING INTENTION

At the end of this subtopic you will be able to distinguish between verbal and nonverbal communication.

2.5.1 Turning on your transmission

Interpersonal communication is the transmission of FIGURE 2.13 Communication can be
information between two or more people. The sender encodes vertsall are) e

the message and the receiver decodes the message. Verbal
communication involves speaking or writing the words, whereas
nonverbal communication relies on other methods.

2.5.2 Verbal communication

Verbal communication includes not only what we say, but also
how we say it. We often modify our verbal messages to match
our perceptions of the intended receiver. You can learn a lot
about the attitudes of others not only by what they say or write,
but also by interpreting how they communicate it.

2.5.3 Nonverbal communication

interpersonal communication
communication with others

kinesics the use of bodily

Nonverbal communication can be divided into three general categories: kinesics,
personal space and paralinguistics. Kinesics involves the use of body movements

or actions to convey a specific meaning or idea and is often referred to as body movements or actions to convey
language. Personal space is the ‘invisible’ physical area surrounding your body a specific meaning or idea
that you regard as your personal territory. Paralinguistics involves how or the paralinguistics how something is

L. . id that di i
way that something is said. said that may modify meaning

FIGURE 2.14 Nonverbal communication conveys information through actions and expressions rather than words.
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Resources

Video eLesson What nonverbal communication is this woman showing? (eles-2564)

ACTIVITY: Do you get the message?

In this activity you will investigate how to identify and create emotions through the use of body language.

1. Look at the body posture, gestures and facial expressions of the people in the photos and select the
attitude or emotion that best matches them from the following list.

® curiosity ® shyness
® empathy ® determination
® enthusiasm ® confidence
® puzzlement ® happiness
® welcome ® excitement
® suspicion ® scared
® confused ® anger
® upset ® rejection
2. Inteams:
a. Write the terms listed in question 1 onto different cards.
b. Shuffle the cards and place the pack facedown.
c. Take turns to pick up a card and mime (act out) the emotion for other members of the team to guess.
d. Keep scores for each team member to see who gets the most correct.
e. Brainstorm other examples of emotions or attitudes and write these on additional cards.
f. Repeat steps (b) to (d) with your new set of cards.
g. Were some emotions or attitudes easier to guess than others? Suggest reasons for this.
h. Suggest how this activity may be used to increase the effectiveness of your communication with others.

Resources

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 3,4,7 5,6

Remember and understand

1. Describe what is meant by ‘interpersonal communication’.
2. What is the difference between verbal and nonverbal communication?

Apply and analyse

3. Is verbal communication related only to what we say? Explain.
4. Use a cluster map to show details of the three general categories of nonverbal communication.

Evaluate and create

5. a. Describe examples of appropriate and inappropriate methods of verbal and nonverbal
communication. Summarise your ideas into a visual thinking map such as a mind map or
cluster map.
b. Compare your examples with others and reflect on similarities and differences.
c. Suggest how you may be able to use the information gained to improve your communication with
others.

6. ldentify three advertisements that include ‘scientific claims’ to support a particular product or practice.

a. State the scientific claim.

b. Investigate other resources to see whether there is unbiased evidence to support the claim.

c. Describe any verbal or nonverbal communication that is used to support the scientific claim.

d. Design a “fair test’ that could be used to collect evidence that may support or disprove the scientific
claim used in the advertisement.

e. Construct a PMI chart about the advertisement based on how effectively it provides data to support
the scientific claim made.

f. Based on your findings, in which ways could you improve:
i. the advertisement so that it is more scientifically accurate
ii. the product so that it more effectively meets the scientific claim?

7. Find out more about kinesics, personal space and paralinguistics. Describe some rules or guidelines
that could be used to make your communications with each other more effective (you may wish to
discuss your ideas with others).

Present your findings and discussion summary as a communication guideline or rule book, cards,
brochure or poster.

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

LEARNING INTENTION

At the end of this subtopic you will be able to distinguish between intrapersonal and interpersonal intelligences.

2.6.1 Interpersonal and intrapersonal

To be an effective learner, you need to develop both ‘I" and ‘we’ learning. This means that you need to consider
activities and strategies that tap into both your intrapersonal and interpersonal intelligences.

Intrapersonal and interpersonal intelligences deal with people — yourself and others. Some may suggest that
these two intelligences are intimately related because you cannot fully know others until you know yourself!

FIGURE 2.15 Interpersonal (‘we’) and intrapersonal (‘') learning

Examples of
— T
Self-assessment Interpretations
‘I and ‘we’
learning
and multiple
intelligences
Paraphrasing Group/team projects
Responding Social interactions
Examples of .
m Ways of learning activities
[ g B
Interpersonal

2.6.2 Morals — learning how to live together

. . .. . intrapersonal intelligences one
The idea of morals and ways of behaving may have originated from not wanting of thg multiple intellig?ences that

others to experience something that we would not like to experience ourselves. By involves ‘I’ learning, which can
identifying with others and treating them with the respect and care that we would be developed through reflecting,

I self-assessment and creative
want ourselves, we can become valued members of our communities.

expression
This can also lead to a happier life for both yourself and those around you. interpersonal intelligences one
of the multiple intelligences that
One way morals have been passed down over many generations has been by telling involves ‘we’ leaming, which

can be developed through team
projects, social interactions,
debates and games

stories. Many fairytales and fables have such messages woven into them.
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Telling tales
FIGURE 2.16 Statue of

Hans Christian Andersen (1805-1875) was one of the first known creators of Hans Christian Andersen
fairytales and wrote more than a hundred stories. A number of his stories dealt § ; o
with the main character feeling uncomfortable with themselves or wishing to
be somewhere or something else. You may know two of his stories: The Little
Mermaid and The Ugly Duckling.

Aesop’s fables are further examples of stories with morals that suggest ways
or behaviours to help people live and get on together. The Crow and the
Pitcher is one example. Other examples of some fables and their morals are
shown table 2.1.

CASE STUDY: Using stories to learn
The Crow and the Pitcher

The Crow and the Pitcher is a fable about a crow dying of thirst. The crow found a pitcher
and excitedly flew down to drink from it. Sadly, when he got there, it contained only a very
small amount of water at the bottom that he could not reach. He tried all sorts of ways to
get to the water, but his efforts were in vain. Then he had a brainwave; he collected some
stones and dropped them one by one into the pitcher. Finally, the water level rose high
enough for him to drink it. His life had been saved.

The Ugly Duckling

The Ugly Duckling is a story about a very ugly baby ‘duck’. It is about viewing the world
from different perspectives. The other ducks teased her and made fun of her because
they thought that she was so ugly. As she got older, however, instead of growing into
an adult duck, she became a beautiful swan. It was a pity that she didn’t have the
classification knowledge that you will have by the end of Year 8. She would have been
saved a lot of pain and suffering — but then she also would have if the ducks had
shown some empathy!

TABLE 2.1 Examples of Aesop’s fables and their morals

(Fae Pl of the stony

The Boy and the Nettles Whatever you do, do with all your might.

The Crow and the Pitcher Little by little does the trick.

The Dancing Monkeys Not everything you see is what it appears to be.
The Eagle and the Fox Treat others as you would like to be treated.
The Four Oxen and the Lion United we stand, divided we fall.

The Fox and the Goat Look before you leap.

The Mule Every truth has two sides.

The Wolf and the Kid It is easy to be brave from a safe distance.

2.6.3 Tell a tale

Did your parents or older sibling read to you when you were little? Reading or being read to stimulates your
imagination and takes you on an emotional journey. Stories can help you to learn about other people and how
they communicate, express themselves, think and feel, and ways that they can support each other.
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Stories can also help you to discover more about yourself. You may explore your strengths and vulnerabilities,
and your likes and dislikes. Stories can even help you to develop your imagination and creativity, and to think
up your own ideas and be flexible in your thinking. This type of open-ended thinking can open up lots of new
possibilities, rather than focusing on a single right answer. As a storyteller, you can provide a framework for
your reader’s imagination to flourish.

Resources

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
Question Questions Question
1 2,3 4

Remember and understand
1. What is the purpose of a fable?
Apply and analyse

2. Aboriginal and Torres Strait Islander peoples have traditional stories that are passed from one
generation to the next. Find examples of traditional stories:
a. used as a basis to understand their ecosystem
b. used to describe their special relationship with the land, native flora and fauna
c. about the formation of Australian landform features (e.g. the Twelve Apostles, Cradle Mountain,
Pinnacles, Flinders Ranges or Warrumbungles).

Evaluate and create

3. Use the ‘thinking floor model’ (refer to figure 2.2 in subtopic 2.1) to collect information, organise it and
then construct your own story on one of the following.

Why Australian flora and fauna are different from those of many other countries

Why kangaroos have a pouch and hop

The impact of cane toads on our native animals

Why southern Australian koalas have different sized ears from northern Australian koalas

How cutting down trees can affect the survival of other Australian organisms

How to encourage children (and adults) to appreciate, respect and take care of one of

the following:

® the diversity of living things on our planet

¢ their environment

e their bodies.

4. Identify a product you would like to sell and develop an advertising campaign that includes claims from
scientific perspectives and uses storytelling.

e 6 o o o o

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

LEARNING INTENTION

At the end of this subtopic you will be able to use visual thinking tools to plan your own story and understand
how animations and cartoons can help us understand scientific concepts.

2.7.1 Telling the ‘story’ ...

You may be wondering how telling fairytales and fables fits
into the seriousness of learning science and being an effective
scientist. No matter how clever you are or how much you can
remember or understand, it is very important for you to be able
to communicate your ideas to others effectively. Wouldn’t it be
great if you could have lots of fun at the same time?

One man who has found a way to do this is Bruno Annetta, a
film-maker, graphic designer, actor and science teacher. Through
his animated cartoons, Bruno can communicate scientific ideas
effectively and share his excitement about the wonders of
science. An image from his animation The Life of a Red Blood
Cell is shown here.

CASE STUDY: Using stories to understand science

‘I’'ve always found it easier to remember information by doing
something with it that was personal to me. The basic idea for the
film The Life of a Red Blood Cell came out of me trying to
remember the circulatory system when | first encountered it in
Year 9 (Form 3). | created the animation in my head and later
turned that idea into a film.’

FIGURE 2.18 a. In The Life of a Red Blood Cell, we follow
the red blood cell as it goes from the bone marrow, where
it is formed, into the blood circulatory system and starts its
journey. b. Bruno Annetta

s

‘I believe that, through the use of animation, humour, music and
storytelling, learning can be fun and easy. | have used science in
the making of animated films. An understanding of light, lenses
and different coloured filters is crucial in exposing film correctly.
| believe that through combining the sciences with the arts, one
has a richer and more fulfilling life.’

FIGURE 2.17 Planning your story

Gather my
thoughts

Y

Expand

Select

Organise

I‘

DOIT

What do

| already
know about
this topic?

Research

How is all

| know
about this
topic linked?

What is really
relevant to
this topic?

How is the
relevant
material
best

What is the best way to organise
the material on my topic?

How will | use this information to
write my story?
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CASE STUDY: Scenes from Foodchain

This is a musical and wacky animated look at
a food chain from a freshwater ecosystem.

It starts with a zoom in to a small section of
pond in front of a child fishing. A series of
cartoon character organisms are encountered
and information is presented in the form of
images, song and comical dialogue.

FIGURE 2.19 Stills from the animation Foodchain

The zoom takes us to a microscopic view

of Spirogyra crassa (commonly called
filamentous algae). The ‘crass’ nuclei refer

to chloroplasts, sugar production and aerobic
respiration. They also allude to the fact that
they are a ‘duck’s dinner’.

We are then introduced to Chlamydomonas (a
mobile single-celled plant), which is the first
organism of the food chain being investigated.
Through their dialogue we learn about
Euglena and are introduced to the terms
‘autotroph’ and ‘heterotroph’.

Vorticella ‘suck in’ the Chlamydomonas and
lead us to the second level of the food chain
— the first-order consumer. Eight Vorticella
clinging to a twig sing an opera tune — ‘O
sole mio’. They each represent a different
note from an octave. Their scientific name is
Vorticella octava.

The names and personalities have been
carefully chosen to aid memory of each
organism and their scientific name. Daphnia
magna (water flea) are portrayed as ‘toffy’,
upper middle-class women.

Damselfly nymphs feed on Daphnia and are portrayed as street-smart young girls.

Incidental characters such as the Australian pygmy perch are introduced to allow discussion to flow into
food webs.

Yabbies are presented as ‘true blue’ Aussies and scavengers (scientific name — Cherax destructor ). The story
ends with one of the yabbies being caught by the child who we saw sitting on the bank at the start of the video.
This finishes the food chain with ‘man’ as the last organism.

Videomicroscopy of the real organisms is provided at the end of the program, along with their scientific names.

Resources

assessm Additional automatically marked question sets
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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 Question
1,2 3,4 5

Remember and understand

1. In which part of the body is a red blood cell
formed?

2. Describe how Bruno Annetta shares his
passion for science and learning.

3. Use information in the Foodchain cartoon
(figure 2.19) to answer the following
questions.

a. What is the scientific name for filamentous
algae?

b. What is special about Euglena?

c. What is the name of an organism that eats
Chlamydomonas?

d. How did Bruno use music to help you
remember the species name Vorticella
octava?

e. What is the common name for Daphnia
magna?

Apply and analyse
4. How can ‘telling stories’ help you in your learning of science and being a scientist?
Evaluate and create

5 a. Select one of the following topics for a
story: skin cells, neurons, chloroplasts,
nucleus, amoeba, fungi, muscle tissue,
connective tissue, white blood cells,
swine flu, solar-powered cars, oxygen,
electronic optics, mitosis.

b. Brainstorm and list the key ideas or
facts that could be included in your
story.

c. Construct a storyboard or flowchart
to show how your story will be
sequenced.

d. Add more details (picture, songs,
words) to your story.

e. Present your story to the class as a
cartoon, PowerPoint presentation, -
animation, storybook, or in some other *
creative way.

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

LEARNING INTENTION

At the end of this subtopic you will be able to explain that many scientific words have a root word (often from
Greek), which give clues to the words meaning, and you will be able to use prefixes and suffixes in scientific

terms.

2.8.1 Name me a dino ...

Scientists use a language that may appear alien, but once you find some of the keys and can unlock the meaning

of words, it starts to make sense.

Tyrannosaurus, Pterosaurus, Stegosaurus ... Did you ever wonder why the
dinosaurs had such big names? Do you know what they mean? The term ‘dinosaur’ prefix letters that are placed at
was actually decided on by British anatomist and palaeontologist Sir Richard the start of a word to convey a

Owen in 1842.Dino means ‘terrifying’ and saur means ‘lizard’. Some dinosaurs
were named for their unusual head or body features, others for their teeth or feet,

or after a person or place.

FIGURE 2.20 Did you ever wonder how dinosaurs got their names?

specific meaning
suffix letters that are placed at
the end of a word to convey a
specific meaning

~ \ Y Y
. Ornithopoda Thyreophora Marginocephalia

/i +

Sauropodomorpha Theropoda

Example: Example: Example:

Iguanodon Ankylosaurus Triceratops

Weight: 5000 kg. Weight: up Weight: up to 11000 kg.
Length: over 9 m, to 4000 kg. Length: over 9 m.

up to 5 m tall. Length: over 10 m.

2.8.2 Unlocking patterns

Many scientific terms, like others in our language, begin with a
particular prefix and end with a specific suffix. These can give
you hints as to what the words mean. For example, the terms
‘chlorophyll’ and ‘chloroplast’ both begin with chloro, which
comes from the Greek word chloros, meaning ‘green’. Chlorophyll
is the green pigment found in the chloroplasts of plant cells. This
green pigment captures light energy so that plants can make their
own food using the process of photosynthesis (photo = ‘light’

and synthesis = ‘to make’). The presence of chlorophyll in the
chloroplasts is the reason that they (and plants) appear green.

.~

Example: Example:
Brachiosaurus Tyrannosaurus rex
Length: up to 24 m, Weight: up to 8000 kg.
up to 12 m tall. Height: over 6m.

FIGURE 2.21 Chloroplasts in
plants allow them to produce
energy from sunlight.
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Leucoplasts (leuco = ‘white’) and chromoplasts (chromo = ‘colour’), like chloroplasts, are plastids found in
plant cells. Leucoplasts are not coloured as they do not contain coloured pigments. Chromoplasts are coloured
and contain pigments other than chlorophyll. They are responsible for pigment synthesis and storage and are
found in the coloured parts of plants, such as fruit and petals, giving them their characteristic colours. These
pigments can be extracted and used as plant dyes.

Chemicals such as those in foods that you eat also have clues in their names that help you to work out what they
are made of. You may have heard of glucose, sucrose and starch. Glucose and sucrose are both sugars. Glucose
is a monosaccharide (mono = ‘one’ and saccharide = ‘sweet’). Sucrose is a disaccharide and is made up of two
monosaccharides. Starch is a polysaccharide and is made up of many monosaccharides.

There are other prefixes that provide you with clues about size and number. A microscope (micro = ‘small’ +
scope = ‘view’) and megafauna (mega = ‘large’ + fauna = ‘animal’) are examples of terms that indicate size
in their names. Can you figure out which numbers are indicated in the following words: unicellular, binary,
dichotomous, tripod, guadrant, decimal, centigrade, millipede?

2.8.3 ‘Cell speak’

Later, when you study different types of blood cells, you will
come across terms containing the suffix or prefix cyfe. This is
a variation of cyro, which means ‘cell’. Examples of terms that
you may come across include:

FIGURE 2.22 Erythrocytes (red blood cells)
and leucocytes (white blood cells)

monocytes cytosol phagocytosis
phagocytes cytoplasm endocytosis
leucocytes cytology exocytosis.
lymphocytes cytoskeleton

erythrocytes cytotoxic

2.8.4 Inside or within

In science, you will learn about endoskeletons, endocytosis,
endoplasmic reticulum, the endocrine system and
endoparasites. The prefix endo in these words tells you that hooks and suckers that this tapeworm uses
they all have something to do with ‘inside’ or ‘within’. Even to attach itself to its host.

without knowing their full definitions, you can begin to see
patterns and get an idea as to what they may refer to.

FIGURE 2.23 Tapeworms are endoparasites
and live inside their host. You can see the

2.8.5 Numbers or words?

In science you also need to know the difference between

two different ways of describing your data. One of these

is qualitative and the other is quantitative. Qualitative data
describe your observations in words (describing the ‘qualities’
of the data), whereas quantitative data use numbers (or
‘quantities’).
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FIGURE 2.24 The prefixes and suffixes of scientific terms often give you hints as to what they mean.

Unlocking language
| |

Chloro Di Cyte

Dichotomous Lymphocyte

Chloroplast Dissect Phagocyte

Chlorophyll Disaccharide Erythrocyte

Resources

assessm Additional automatically marked question sets

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
1,2,5,6,8,12, 16 3,7,10,11, 13, 14, 17 4,9,15,18,19

Remember and understand

—h

. Suggest what type of animal may have saur in its name.

Outline the difference between the terms ‘prefix’ and ‘suffix’.

3. Identify the shared meaning between the terms:

a. chlorophyll and chloroplast

b. monocytes, leucocytes and erythrocytes.

a. Where are you likely to find leucoplasts, chromoplasts and chloroplasts?
b. Describe how they differ.

Outline the difference between qualitative and quantitative data.

Suggest the suffix that sugars may share in their names.

Distinguish between monosaccharides, disaccharides and polysaccharides.
If you came across two words and one began with micro and the other began with mega, predict what
the difference between them would be.

» »

©NOo o
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Apply and analyse

9. a. Carefully examine the following dinosaur names and discuss with a partner any clues that may
help you predict their meaning. Triceratops, Spinosaurus, Ceratosaurus, Heterodontosaurus,
Pentaceratops, Microdontosaurus, Microceratops

b. Find out the meaning behind the dinosaur names listed above.
c. Based on your findings, comment on any patterns and suggest groups you could divide them up
into.

10. Find out about the life and scientific contributions of Sir Richard Owen. Summarise his top three
contributions.

11. Research examples of Australian megafauna. Report on clues within their names that help describe
what they may have looked like.

12. Find out what palaeontologists do, investigate their distinct ways of working and representing their
specialised knowledge, and give an example of a contribution that an Australian palaeontologist has
made to our understanding of ancient life in Australia.

13. Find out prefixes for one, two, three, four, ten and hundred that have originated from Latin or Greek
words. State an example of a scientific term that is used for each.

14. Find out the meaning of and similarities and differences between the following:

. microscopes, telescopes, periscopes

. millimetre, centimetre, nanometre, kilometre

. binary fission, dichotomous key, binocular

. Tyrannosaurus, Pterosaurus, Stegosaurus

. anatomist, scientist, palaeontologist

cardiac, renal, pulmonary

g. dehydrated, deoxygenated, denatured.

15. Throughout history, coloured pigments from plants and animals have been used by humans. Find out
about two plant and two animal examples. Identify the scientific names of the pigments and what they
mean.

16. Chlorine is an element. Suggest what colour it may be.

ST0 Q00O

Evaluate and create

17. Find out the definition and two key points for each of the ‘endo’ and ‘exo’ words shown in the diagram.

endocytosis endoskeleton

endo = inside

exo = outside

exocytosis exoskeleton

18. Choose a couple of elements from the chemistry periodic table. Research the history behind the
names of the elements and present your findings visually.
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19. a.

Find at least five examples of scientific
terms that begin with the following
prefixes: endo, bio, anti, chloro, thermo,
bi, hetero.

. Create your own set of scientific

terminology cards, using a particular
colour for each prefix and adding a
diagram or image for each that provides
a hint of its meaning.

The illustration shows what your cards
may look like.

. Design a game that uses the cards

to teach students about scientific
terminology. Include an instruction
brochure or rule book with your game.

Ve

N\ N
endosperm endoskeleton
Endosperm
Bran
Embryo
J J

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

2.9 Total recall?

LEARNING INTENTION

At the end of this subtopic you will be able to describe a model of how information is processed in your brain and
outline some strategies that can be used to enhance your memory and learning.

2.9.1

What is memory?

Resources

Video eLesson Teen brain (eles-0224)

Watch a video to look inside the teen brain and discover why teenagers excel at impulsive
behaviour and how it defies adult understanding. The latest science says their brains
are physically unable to control some of these impulses until they are around 25 years old.

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. 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.

2.9.2
Modell

Building memories

ing memory?

Scientists construct models to communicate ideas. Models can be concrete (e.g. a plastic model of the brain) or
symbolic (e.g. a map or diagram). Models help learners to bring previous knowledge into their working memory.

This assists 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. Shown in figure 2.25 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.
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FIGURE 2.25 The information processing model provides a simplified explanation of how your brain deals with
external stimuli (information) from your environment.

Sensory register | - ouT

Y

Immediate memory

Y

Working memory

l

ACTIVE
PROCESSING

Long-term storage

Filtering

What was that? You use your senses (e.g. sight and hearing) to detect various . .
. .. . L. . sensory register a system in

stimuli in your environment. Incoming information is filtered through a system the brain that filters incoming

called the sensory register (shown in figure 2.25 as venetian blinds). This system information on the basis of

importance

thalamus part of the brain at the
top of the brain stem that passes

filters incoming information on the basis of its importance to you. Your sensory
register involves your thalamus (a part of the limbic system of your brain) and

a portion of your brain stem called the reticular activation system (RAS). The sensory information to key areas
more important the information is to your survival, the higher the chance that it in the brain for processing
will get through for further processing in your brain. This is what allows you to reticular activation system

a part of the brain that filters
incoming information on the basis
of importance

form memories.

| Resources

) Video eLesson Neural activity in the brain (eles-2565)
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EXTENSION: Memories are patterns of connections

Memory is not stored in just one place in your brain. 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.

Short-term memory

Before any information is stored in long-term
storage, it needs to pass through your temporary
short—terrp memory. Exa.mples of short-term o Basal ganglia
memory include immediate memory (shown as / control of movements,
\{ learning, habit, cognition,
and emotion

FIGURE 2.27 The limbic system

a notepad in figure 2.25) and working memory
(shown as a table in figure 2.25).

‘Notepad’ 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. Your Hypothalamus
past experience helps to determine its importance.  ompare fungerm i
An example of the length of time information fetoue, sieep

will stay in this type of memory is when you

Pt Thalamus
| \ regulation of sleep,
consciousness,

and alertness

temporarily remember a phone number and ring Amygdala ( '
. . . . . i - il "“"
it. After this time, the information may be lost or, o oo \\Y\

if considered important enough, moved to your

: "'\Hippocampus
working memory. memory, navigatior

memory, navigation

‘Working table’ memory

It is within your working memory that information generally captures your focus and demands attention. There
is a limited capacity (amount of information dealt with) and time limit for this type of 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. This time, however, 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 amygdala emotional centre of

Even if information has made it through your sensory register, it doesn’t mean that the brain that processes primal
. . . . . . .. feelings, such as fear and rage
you will remember it. You will remember information only if you have stored it in .

. . R . . long-term storage a function of
long-term storage (shown in figure 2.25 as a filing cabinet). It is the job of your s foran HEn CRElSES MEeies
hippocampus to encode information and send it to one or more of the long-term to be stored, sorted and retrieved
storage areas in your brain. This encoding takes time and is usually done during deep hippocampus area of the brain
sleep stem able to transfer information

between short- and long-term
memory
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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. While long-term storage can be thought of as where
your memories are stored in your brain, your long-term memory relates to the dynamic process of sorting and
retrieving the information.

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 (as shown in figure 2.28) 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 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.

FIGURE 2.28 If both sense and meaning are present, there is a very high chance that the information will be sent
to long-term storage.

Yes Moderate to high Very high
Is meaning present?
No Very low Moderate to high
No Yes

Is sense present?

2.9.4 Memory aids

Have you used a mnemonic in your learning today? A mnemonic is something that helps you to remember
something else. It may take the form of a word, poem, story or image. Here are some examples:
e Tell a tale: Make up a story using the words or information that you need to learn.
e Link it: Link the words or pieces of information together with images.
e First letter: Acronyms use the first letters of the words to make a new word. This example shows how this
can help you remember some of the memory systems for different types of learning:
Spatial memory
Procedural memory
Episodic memory

Working memory mnemonic a strategy to help you
Semantic memory to remember things
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2.9.5 Mind mapping

Mind maps help create memory (learning) in a way similar to that of the brain by presenting information in a
visual and connected form. Mind maps contain information in a predigested form that the memory can most
easily assimilate and access.

Why use them?

Mind maps appeal to the right side of the brain, which processes colours, relationships, pictures and symbols.
Using mind maps can increase your understanding of information and boost your recall of it dramatically.

FIGURE 2.29 Mind mapping can help you find sense and meaning in your learning.

(assessm Additional automatically marked question sets
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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
1,2,3,4,6,10 5,7,8,11,15, 16 9,12, 13, 14, 17, 18

Remember and understand

Give two reasons scientists use models.

What is the key role of the sensory register in the information processing model?

Identify the part of the brain involved in transferring information from short-term to long-term memory.
Ouitline the difference between long-term storage and long-term memory.

State the approximate capacity and time limits of working memory.

List the five different memory systems described in this subtopic.

What is a mnemonic? Give an example.

State the two questions ‘asked’ to determine whether information moves into long-term memory.
Suggest the advantage of traumatic or emotionally charged events being remembered more deeply.

NGO RAON S

©

Apply and analyse

10. Research a chemical that can affect memory and outline its effects.
11. a. 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 this with others.
5167340
b. Now repeat the procedure with the number below. Did you get it right? Compare this with others
and suggest a reason for any differences between results.
3847918362
12. Although we all use the same senses to collect information from our environment, they do not
contribute equally to our learning. Learners develop preferences for certain senses over others. This
is where terms such as ‘visual’, ‘auditory’ and ‘kinaesthetic’ learners originate.
a. Research each of these types of learning and develop a set of questions that can be used to
determine which preferences you and others in your class have.
b. Discuss the impact that these differences can have on your learning.
c. Suggest how you can use this knowledge to be a more effective learner.
13. Find out the possible effects of the following chemicals on learning: adrenaline, phenylalanine,
norepinephrine, calpain and choline.

Evaluate and create

14. Find out more about memory drugs. Construct a PMI chart to summarise and share your opinion.

15. Write a newspaper article, cartoon or blog on ways to improve your memory.

16. Research and report on each of the following statements related to drugs and memory.

a. Drugs that have an effect on memory should be illegal.
b. Everyone should have access to drugs that erase memories.
c. Research on drugs that alter memories should be stopped.

17. Find out more about the information processing model; then, in teams of eight, discuss how you could
act it out. Include the following roles: sensory register, immediate memory, working memory, long-term
storage (two people), incoming information (three people).

18. Research the structure and function of the thalamus, amygdala or hippocampus and construct a
model to communicate your findings to others.

Fully worked solutions and sample responses are available in your digital formats.
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2.10 Thinking tools — Venn diagrams
2.10.1 Tell me

What is a Venn diagram?

A Venn diagram is a useful thinking tool that can show
similarities and differences between two separate topics, terms
or ideas — for instance, if you were comparing two terms, and Term A Term B
you were asked what are the similarities and differences between
term A and term B.

FIGURE 2.30 A Venn diagram

21 02 ShOW me Features that
Features that only
To create a Venn diagram: term A has andterm B JERCIECRES
1. draw two circles that overlap in the middle have
2. write one of the words that you are comparing above each
circle

3. write the things that they have in common in the overlapped
middle section

4. write the differences between them in each of the non-
overlapped sections.

For example, the Venn diagram in figure 2.31 shows similarities and differences between frogs and toads.

FIGURE 2.31 A Venn diagram of frogs and toads

=
>

I3

‘True frogs’ ‘True toads’

Smooth or slimy skin Warty and dry skin

Endoskeleton
Tend to lay eggs in

clusters

Tend to lay eggs in
long chains

Amphibian

Strong, long, webbed
hind feet for leaping

and swimming ‘Cold-blooded’

Short hind legs
for walking

Vertebrates

Belong to family
Bufonidae

Belong to family Ranidae
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2.10.3 Let me do it

2.10 ACTIVITIES

1. Using the Venn diagram provided construct your own Venn Breakfast Lunch
diagram about your breakfast and lunch during school
days.

2. Construct Venn diagrams on the following topics:

At home

L S With family At school
a. ‘school day activities’ and ‘weekend activities’ Muesli With friends
b. ‘books’ and ‘movies’ Milk Lunch bag
c. ‘fruits’ and ‘vegetables’. Juice Water t?ottle
3. Research the meanings of the words below and then Spoon Sandwich
Plate Between bells

construct a Venn diagram to show similarities and
differences between them.
. ‘chlorophyll’ and ‘chloroplast’
. ‘leucocyte’ and ‘erythrocyte’
. ‘prefix’ and ‘suffix’
. ‘endoparasite’ and ‘ectoparasite’
. ‘cilia’ and ‘flagella’
‘plant cells’ and ‘animal cells’
. ‘vertebrates’ and ‘invertebrates’

Glass

O Q@ "0 Q0T

>

. Carefully observe the information in the following boxes, then construct Venn diagrams to compare
the different types of dinosaurs.

Microceratops Heterodontosaurus Pentaceratops
e Name means ‘small-horned e Name means ‘different- ¢ Name means ‘five-horned
face’ toothed lizard’ face’
 Only 76 cm long e Had three types of teeth * Had three horns on its head
e Lived about 83-65 million e 2.2 mlong e 8mlong
years ago e Lived about 208-200 million * Lived about 75-65 million
years ago years.ago
Triceratops Microdontosaurus
* Name means ‘three-horned * Name means ‘tiny-toothed
face’ lizard’
e ‘Frilled’ dinosaur e 8 mlong
® Had three horns on its head e Lived about 75-65 million
e 8 mlong years ago
e Lived about 75-65 million
years ago

i. Microceratops and Triceratops
ii. Triceratops and Pentaceratops
ili. Microdontosaurus and Heterodontosaurus
iv. Microdontosaurus and Microceratops
b. Suggest the meanings of the prefixes micro, tri, penta and hetero.
c. What do you think the prefix donto might refer to? Justify your response.

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

Access your topic review eWorkbooks

Topic review Level 1 Topic review Level 2 Topic review Level 3
ewbk-5224 ewbk-5226 ewbk-5228

Resources

2.11.1 Summary

Problem solving with thinking hats

e The coloured thinking hats can be used to tackle problems from six different directions.
e Each coloured hat corresponds to a different type of thinking:

e White: What are the facts?

¢ Black: What’s wrong with this?

¢ Blue: What thinking is needed?

¢ Red: What do I feel about this?

¢ Yellow: What are the good points?

¢ Green: What new ideas are possible?

The language of understanding

¢ The following words can be used to assess your own knowledge or understanding of a concept:
¢ Apply — How and where can I use this knowledge?
¢ Explain — Why is it so? How does it work?
¢ Self-knowledge — What are my weaknesses? How do I best learn?
e Interpret — What does this mean?
¢ Perspective — Is it reasonable? Whose point of view is this?
¢ Empathy — What are others aware of that I am missing?
¢ Questions can be classified as ‘skinny’ or ‘fat’. ‘Skinny’ questions require only a brief, simple response;
whereas ‘fat’ questions are deeper, requiring more time to think through.

At first glance

e Rapport is initiated by nonverbal signs such as eye contact, mirroring behaviour, posture and breathing.
e The three Ps of listening skills are:
e Pause
¢ Probe
e Paraphrase.
When you are listening you should use these to ensure you are comprehending what the other person is
saying to you.

Coded communication

¢ Interpersonal communication is the transmission of information between two people.

The sender encodes the message and the receiver decodes the message.

e Communication can be both verbal and nonverbal.

Verbal communication includes what we say and how we say it.

Nonverbal communication involves all forms of communication that are not spoken. This includes body
language, movements and expressions.
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Telling tales

e Stories are useful ways of communicating messages because they can stick in the memory better than direct
messages.

e Fables are stories that contain a moral. The moral is a lesson that is demonstrated within the story. An
example is The Ugly Duckling, which contains the moral that we should accept who we are and not feel
the need to conform to be something we are not.

Cartoon quest

e Cartoons are another useful storytelling device that can be used to communicate messages.
e Cartoons allow things to be seen from different perspectives, making them a powerful educational
technique.

Unlocking meaning

e We have developed rules within the English language that enable us to determine meaning from seemingly
obscure names.

» Prefixes are a letter or group of letters that can be attached to the start of a word to provide meaning. An
example is micro, which means small.

» Suffixes are a letter or group of letters that can be attached to the end of a word to provide meaning. An
example is saur, which means lizard.

e Prefixes and suffixes can be combined to provide meaning behind names. For example, dinosaur is the
combination of the prefix dino (meaning terrifying) and the suffix saur (meaning lizard). Put together,
dinosaur can be interpreted to mean ‘terrifying lizard’.

Total recall?

e Memory is a complex system that changes day by day.

e QOur brain uses filtering to determine the importance of the information collected by our senses. This
ensures that only important information proceeds to long-term storage.

e The area of the brain that is responsible for long-term storage is the hippocampus.

e Memories are not stored individually in a certain place. Fragments are stored in different places and a
memory is retrieved when the brain connects the different fragments along a pathway.

e The two factors that influence whether information is sent to long-term storage are the presence of
meaning and the presence of sense. If a piece of information makes sense to you and you can see how it
is meaningful, it has a much greater chance of proceeding to long-term storage.

2.11.2 Key terms

amygdala emotional centre of the brain that processes primal feelings, such as fear and rage

first-floor thinkers thinkers who gather information

habits of mind types of thinking behaviours promoted by Bena Kallick and Arthur Costa

hippocampus area of the brain stem able to transfer information between short- and long-term memory
interpersonal communication communication with others

interpersonal intelligences one of the multiple intelligences that involves ‘we’ learning, which can be developed
through team projects, social interactions, debates and games

intrapersonal intelligences one of the multiple intelligences that involves ‘I’ learning, which can be developed
through reflecting, self-assessment and creative expression

kinesics the use of bodily movements or actions to convey a specific meaning or idea

mnemonic a strategy to help you to remember things

long-term storage a function of the brain that enables memories to be stored, sorted and retrieved
paralinguistics how something is said that may modify meaning

prefix letters that are placed at the start of a word to convey a specific meaning

rapport a relationship of mutual trust and understanding

record the first step in forming a memory

reticular activation system a part of the brain that filters incoming information on the basis of importance
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retrieve the ability to recall memories

second-floor thinkers thinkers who process information

sensory register a system in the brain that filters incoming information on the basis of importance

store storage of a memory in the appropriate part of the brain

suffix letters that are placed at the end of a word to convey a specific meaning

thalamus part of the brain at the top of the brain stem that passes sensory information to key areas in the brain
for processing

thinking hats a thinking tool developed by Edward de Bono using different coloured hats for different types of
thinking

third-floor thinkers thinkers who apply information

Resources

Digital document Key terms glossary (doc-34982)

eWorkbooks Study checklist (ewbk-5217)
Literacy builder (ewbk-5218)
Crossword (ewbk-5220)
Word search (ewbk-5222)

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

Remember and understand

1. What are the two factors that increase the likelihood of information being sent to long-term storage?
2. Describe the six different thinking hats and their uses.
3. a. Outline the difference between fat and skinny questions.

b. Provide two examples of each type of question.

Apply and analyse

4. a. Consider the most recent presentation you gave and mark yourself on a scale of 1 to 5 on each of
the following points (1 = never and 5 = always).

| spoke in a clear voice that communicated the information effectively.

| was well organised.

| knew the relevant information about my topic and was confident in presenting it.

My presentation was interesting and entertaining.

| made sure to look at the audience throughout the presentation.

| had positive body language and was standing upright.

b. Describe what you like about how others present information.

c. From your experiences in presenting and communicating ideas (and observing others), describe
things that you could do to be a more effective communicator.

Jacaranda Science Quest 8 Victorian Curriculum Second Edition



5. Sit with a partner and position yourself ‘Eye-to-Eye and Knee-to-Knee’. This will help you to maintain
eye contact and will promote active listening. While positioned this way, take turns to tell each other
about the sort of things that you think are important to make a good first impression. Use the active
listening wheel below to score how effectively you think you actively listened and then score your
partner for their active listening. Discuss what you found easy or difficult, and what you would try next
time to enhance your listening skills (1 = never and 5 = always).

Give nonverbal

encouragement.
) Give verbal
Look them ‘in encouragement.
the eye’. @
4
3 4

Don’t interrupt the
speaker — wait until
they have finished.

Respect how
the speaker
may feel.

Ask relevant

questions Repeat the speaker’s key

ideas in your own words.

Affirm any
shared views.

6. Use the following table to reflect about yourself (1 = never and 5 = always).

TABLE Matrix for self-reflection

THonest [N 2 3 4 5
Caring 1 2 3 4 5
Creative 1 2 3 4 5
Logical 1 2 3 4 5
Independent 1 2 3 4 5
Cooperative 1 2 3 4 5

1 2 3 : 5

7. What are you and what do you prefer ...?
lam a:
Doer « » Thinker
Night person «- - Morning person
Listener Talker
Follower Leader
I prefer:
Quiet Noise
Dark Light
To work alone <« To work in teams

8. Use diagrams and thinking tools to describe yourself in the past, present and future. Explain how and
why you arrived there.
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9. Use the reflection umbrella to list six things that you do well, two things you could do better and two
things that you should stop doing.

6\\'{\“93 th.at I'do We//

——

pInoo | sbuiyy g

O | ,
°Ing Jop0q op

@\)\,\-\l 4

%
/should ‘5\°Q

Evaluate and create

10. Carefully study the cartoon given.
a. Paraphrase what the caveman is saying.
b. Predict what his wife will say in return.
c. Suggest what the caveman may say to his wife’s comment.

d. Describe a time when you were in a similar situation.
e. Create your own cartoon to describe a situation in which you effectively learned something.

_.Didn§ manage ¢o
¢lub ony Food, byt | do
Ghink mg $wing is improving
ondl mygrip 15 sound.

¥e

Vegel

11. a. Suggest how people remembered and communicated ideas before pen and paper.
b. What evidence is there that humans have tried to pass knowledge from generation to generation?
c. Which type of memory system would have been most useful to cave people? Justify your selection
with examples.
d. Suggest examples of inventions that would have been useful to cave people.
e. Design and construct an ‘invention’ for cave people. Describe how and when it would be used.
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12. a. Undertake this self-analysis reflection by rating the statements on a scale of 0 to 5.
(0 = never; 1 = rarely; 2 = sometimes; 3 = often; 4 = usually; 5 = always)
b. Identify your:
i. top three strengths
ii. lowest three scoring criteria.
c. Suggest how you could go about improving your three lowest scoring criteria.

-
N
w
5

| tried to have an open mind and think flexibly.

| understood what | was to do.

| asked when | was not sure what was expected of me.

| persisted, even when the going was tough.

| used my time effectively.

| was well organised.

| contributed to team discussions.

-® 1B -1® -1® -®-®-® -®
1@ -@|-1@ -'@ -8 -0 -e-e

| encouraged others.

o -
—
N
w
N
[

| actively listened to others.

13. Complete the following sentence. The most important thing that | learned during this topic was ...

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

Resources

* eWorkbooks Personal learning (ewbk-5210)
Reflecting on individual and group activities (ewbk-5211)
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

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-5212)

¢ Student learning matrix (ewbk-5214)
e Starter activity (ewbk-5215)

2.2 Problem solving with thinking hats

eWorkbook
® Thinking keys (ewbk-5236)

2.4 At first glance

Video eLesson
® This car workshop owner is showing good listening
skills when talking with a customer (eles-2563)

2.5 Coded communication

Video eLesson
® What nonverbal communication is this woman
showing? (eles-2564)

2.9 Total recall?

Video eLessons
® Teen brain (eles-0224)
* Neural activity in the brain (eles-2565)

2.11 Review

Digital document
* Key terms glossary (doc-34982)

eWorkbooks

* Topic review Level 1 (ewbk-5224)

* Topic review Level 2 (ewbk-5226)

* Topic review Level 3 (ewbk-5228)

® Study checklist (ewbk-5217)

® Literacy builder (ewbk-5218)

® Crossword (ewbk-5220)

* Word search (ewbk-5222)

® Personal learning (ewbk-5210)

* Reflecting on individual and group activities
(ewbk-5211)

* Reflection (ewbk-3038)

To access these online resources, log on to www.jacplus.com.au.
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=3 Cells — the basic units
of life

>

LEARNING SEQUENCE

3.1 Overview
3.2 A whole new world
3.3 Focusing on a small world
3.4 Form and function — Cell make-up .
3.5 Zooming in on life
3.6 Focus on animal cells
3.7 Focus on plant cells ...
3.8 Plant cells — holding, carrying and g
3.9 Cell division
3.10 Skin ‘n’ stuff ...
3.11 Tiny size, big trouble
3.12 Thinking tools — Target maps and single bubble map
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

Cells are the basic units of all living things. The first cell appeared on Earth about 3.6 billion years ago. Bacteria
living near hydrothermal vents in our oceans may share some similar features to these ancestral cells. The
cellular machinery within each of these bacteria enables them to survive extremely high temperatures and to
derive their energy from minerals and chemical laden superheated liquid that spews from the vents.

On Earth today, there are many different types of organisms. Some of these organisms are made up of a single
cell (unicellular) like those of bacteria mentioned earlier, while others are made up of many cells (multicellular).
The evolutionary twists and turns taken from these single-celled organisms to the largest ever land animals, the
sauropod dinosaurs, or to the tallest tree, the giant sequoia, Sequoiadendron giganteum, or the largest colony

of fungus, the humongous fungus (Armillaria ostoyae) spanning 8.9 square kilometres in Oregon, have been
plentiful.

The cells that make up organisms differ not just in their number, but also in their size, shape, and contents. The
cell that makes up one type of unicellular organism may be different from that of another type of unicellular
organism. The cells that make up multicellular organisms are also different. The structure of different types of
cells and how they are organised within multicellular organisms are well suited to their specific tasks within the
organism. No matter the difference, the features of the cell(s) that make up organisms all share the ultimate
goal — to keep the organism alive.

FIGURE 3.1 Sequoiadendron giganteum. The oldest tree of this species was over 3200 years making it one
of the oldest living organisms. They grow to an average height of 50-85 metres, with trunk diameters ranging
6-8 metres.
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Resources

Video eLesson Robert Hooke and cells (eles-1780)

Watch this video from ‘The story of science’ to see how microscopes allowed us to
understand that every organism on Earth is composed of cells.

3.1.2 Think about cells

How can you make small things look bigger?

Which are bigger: viruses or bacteria?

What does Theodor Schwann have to do with cells?

Why are beaches tested for the presence of bacteria E. coli?
How does a cell become a clone?

Why don't all cells look the same?

o0 rwOhd=

3.1.3 Science inquiry

Who am 1?

Microscopes are responsible for opening a whole new world to us. They have allowed us to see beyond our own
vision. The more developed these microscopes become, the more detail and wonder we are able to observe —
but often, rather than answering our questions, they provide us with many more.

The three photos in figure 3.2 show parts of different animals. They were taken with a scanning electron
microscope, which allows us to see more detail of the surface of specimens.

FIGURE 3.2 Different animal parts taken with a scanning electron microscope

Xi

Observe, think and share

1. Look carefully at the photos of each animal part in figure 3.2, and think about:
a. what they could be
b. what they may do
c. what animal they may belong to.

2. Talk through your suggestions with a partner, adding all of the details that you have both observed onto
a sheet of paper.

3. Two of these photos show parts of one type of animal, and the other image is from a different animal.
Does that information change the way that you look at the details? Which animal do you think two of
the parts belong to? Brainstorm to decide which animal the other part could belong to.

4. Suggest other sorts of information that may be helpful in determining which animals these parts belong
to and what they are used for.
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Resources

eWorkbooks Topic 3 eWorkbook (ewbk-4065)
Student learning matrix (ewbk-4088)
Starter activity (ewbk-4067)

Practical investigation eLogbook Topic 3 Practical investigation eLogbook (elog-0431)

Ie a r n Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.

3.2 A whole new world

LEARNING INTENTION

At the end of this subtopic you will understand that our knowledge and understanding of cells has improved as
a result of continued scientific investigation, human inventions and technological advancement. This work by
scientists lead to the creation of scientific theories such as the cell theory.

Science as a human endeavour
3.2.1 The discovery of cells

A whole new world was discovered just over 400 years ago when an English inventor and scientist used
magnifying lenses to observe the basic units of which all living things are made. This led to a new way of
thinking about living things that required a new scientific language, new classifications and new inventions to

find out more about this new world.
microscope an instrument for

In the seventeenth century, Robert Hooke looked at thin slices of cork under a viewing small objects
microscope that he had made himself from lenses. He observed small box-like shapes cell the smallest unit of life. Cells
inside the cork. He called the little boxes that he saw cells. Microscopes opened up a are the building blocks of living

things. There are many different
sizes and shapes of cells.

cell theory a theory that states
that all living things are made up
of cells and that all cells come
from pre-existing cells

whole new world that had never been seen before.

FIGURE 3.3 Timeline showing the development of microscope and cell theory

1831
1665 Robert Brown (1773-1858)
Robert Hooke (1635-1703) used his made microscopic
microscope to describe tiny box-shaped observations of plant cells
units in a thin slice of cork. He called and identified a structure he
these ‘cells’ — a term we still use today. called the nucleus.

1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1810 1820 1830 1840
1

1670 1838

Anton van Leeuwenhoek (1632-1723) Matthias Schleiden (1804-1881) proposed
designed and constructed his own that all plants are made up of cells.
microscopes made of a small, 1839

single-mounted lens that was held up Theodor Schwann (1810-1882)

close to your eye. Using these, he was
the first to observe unicellular
micro-organisms.

proposed that all animals are made up
of one or more cells, and that the cell is
the basic unit of all living things.
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that they were all made up of cells. Observations also showed tha microscope used by
many of these cells shared common features, such as the presence of a Robert Hooke

structure called the nucleus.

As the magnification provided by microscopes increased, it was seen
that although cells shared similar basic structures, there could also be
differences between them. Groups of organisms could be made up of
cells that differed from the cells of other groups. Some organisms were
made up of a single cell (unicellular), whereas others were made up of
many cells (multicellular). Different types of cells were also observed
within an individual multicellular organism.

Cell theory

1. All organisms are composed of cells.

2. The cell is the basic unit of structure and organisation in
organisms.

3. All cells come from pre-existing cells.

Resources

Video eLesson Historic bacteriologists Van Leeuwenhoek, Pasteur and Koch (eles-2026)

WHAT DOES IT MEAN?

The word microscope comes from the Greek words micrds, meaning ‘small’, and skopein, meaning ‘to view’.

FIGURE 3.3 (continued)

1937 1981

The first scanning electron Gerd Binnig and Heinrich Rohrer
1858 microscope was built. These invented the scanning tunneling
Rudolf Virchow (1821-1902) microscopes show images of micrscope. This microscope can
proposed that all cells arise cell surface features such as the provide 3D images of objects
from cells that already exist. blood cells shown opposite. at an atomic level.

1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 1990

1933 1957

Ernst Ruska (1906-1988) built the Marvin Minsky (1929-) invented
first electron microscope, which the first confocal microscope,
uses a beam of electrons and which became commercially
provides higher magnification available in the 1980s.

and resolution than light
microscopes.
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3.2.2 Little, littler, littlest ...

With the development of instruments such as microscopes, scientists needed to find words to describe some
of the tiniest lengths and time scales in nature. They wanted some simple names to describe, for example, a
billionth of a billionth of a metre.

In the microscopic world, there is often a need to describe things in much smaller terms than the units of
measurement that you already know, such as metre, centimetre and millimetre. In describing cells, other units
of measurement, such as micrometre (um, also called micron) and nanometre (nm), are often used.

FIGURE 3.5 Different units of measurement are used to describe different sizes.
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Human height
Length of some nerve and muscle cells

Chicken egg

Frog egg

Hair width

Plant and animal cells

Most bacteria

Smallest bacteria
Viruses

Proteins

Small molecules
Atoms

TABLE 3.1 Units of measurement that are often used to describe cells and molecules

Unit Symbol | No. unitsin 1 m
Millimetres mm 1000
Micrometres pm 1000000
Nanometres nm 1000000000

CASE STUDY: Scientists who study cells

There are many different types of scientists who study cells. Examples include bacteriologists, cell biologists,
clinical microbiologists, cytologists, electron microscopists, genetic scientists, medical microbiologists and

virologists.
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SAMPLE PROBLEM: Evidence-based conclusions

Sam is a virologist, a scientist who studies viruses. In a talk to students, Sam is asked if she uses a
microscope to see viruses or if she can see them without using a microscope.
Do you think Sam would need a microscope to see a virus? Use evidence to support your conclusion.

THINK WRITE

e Viruses are between 50 and 100 nm in size. Sam would need to use a (electron)

e The naked eye can only see things that are microscope as viruses are much too small
greater than 100 um (or 100 000 nm). to be seen with the naked eye. Viruses are

¢ Since viruses are much smaller than 100 um, less than 100 nm in size and the naked eye
Sam must use a microscope to see the virus. can only see things that are bigger than

e Sam would need to use an electron microscope. 100 000 nm (100 pm).

3.2.3 Present day

A new generation of three-dimensional microscopes are being developed that provide even further details
of objects. Superfast electron microscopes enable scientists to capture movement of atoms. Newly invented
portable microscopes are becoming important field tools in research and diagnosis of diseases.

FIGURE 3.6 a. Portable microscope for spotting and tracking disease b. Looking like a grotesque eyeball, this
handheld microscope magnifies your specimens to two hundred 200 times their normal size.

Resources

eWorkbook History of the light microscope (ewbk-4053)
assessm Additional automatically marked question sets
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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 3,5 4,6

Remember and understand

1. Match the scientist with their cell discovery contribution in the table provided.

a. Anton van Leeuwenhoek A. Built the first electron microscope

b. Robert Hooke B. Proposed that all plants are made up of cells

c. Robert Brown C. Proposed that all animals are made up of cells

d. Matthias Schleiden D. Designed and constructed microscopes and was the first to

observe unicellular microscopic organisms

e. Theodor Schwann E. Proposed that all cells arise from cells that already exist

f. Rudolf Virchow F. Used the term ‘cell’ to describe the tiny box-like units in cork

g. Ernst Ruska G. Used the term ‘nucleus’ to describe a structure found in plant cells
2. |dentify:

a. a feature that all living things have in common
b. two units often used to describe cells.

Apply and analyse

3. Use the timeline in figure 3.3 to answer the following questions.
a. In which year did Hooke use the term ‘cells’ to describe his observation of cork slices?
b. In which year did Ruska build the electron microscope?
c. How many years were between:
i. Hooke first using the term ‘cells’ and Ruska building the first electron microscope
ii. Leeuwenhoek’s first observation of unicellular microscopic organisms and Schwann’s suggestion
that all animals are made up of cells?
d. Credit for developing the cell theory that ‘all living things are made up of cells and that cells come
from pre-existing cells’, is usually attributed to three scientists. Who are they?
e. Suggest how the development of the microscope has contributed to our understanding of cell
structure.
f. Suggest possible uses for portable microscopes.
4. Use figure 3.5 to complete the table.

TABLE Size of different objects in different units

m Size in nanometres (nm) Size in micrometres (um) Size in millimetres (mm)

Frog egg

Hair (width)

Plant cell 100
Bacteria 10
Protein 10
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Evaluate and create

5. JEEJ A student is presented with two slides with different cells on each. The teacher asks the student
to identify which cell is the bacterium and which cell belongs to the plant. They have access to a light
microscope and the images are seen here.

a. Which feature could be used to identify the different cells?
b. Which cell do you think is the plant cell? Explain why you reached this conclusion.
c. What data should be collected to support your conclusion in for part b) above?

6. m To determine the average size of an elephant skin cell, two methods were suggested. These are
outlined below:

Method 1 required ten Asian and ten African elephants to have one skin sample taken and measured to
create an average using a light microscope.

Method 2 required one Asian and one African elephant to have ten skin samples taken and all of

these were used to create the average. These would be measured using a range of light and electron
microscopes.

a. In a table like the one provided, compare and contrast these two methods in terms of accuracy,
reliability, validity, and fairness (fair test).

TABLE Comparison of methods to determine cell size

Accuracy
Reliability

Validity

Fairness (fair test)

b. Create your own experimental design to determine the effect of elephant type on the average size of
elephant skin cells. Remember to include:
i. What will change?
ii. What will stay the same?
ili. What will be measured?
iv. How will the test be reliable?

Fully worked solutions and sample responses are available in your digital formats.
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3.3 Focusing on a small world

light microscopes instrument for

LEARNING INTENTION

At the end of this subtopic you will be able to identify different types of
microscopes, and understand their specific purposes. You will be able to

describe how microscopes work.

viewing very small objects. A light
microscope can magnify things
up to 1500 times.

electron microscopes
instrument for viewing very small
objects. An electron microscope
is much more powerful than a

Science as a human endeavour

3.3.1 Types of microscopes

light microscope and can magnify
things up to a million times.
monocular microscope

a microscope with a single
eyepiece through which the

The two main types of microscopes are light microscopes and electron microscopes. specimen is seen using only one

Light microscopes use light rays whereas electron microscopes use small particles

called electrons to illuminate the specimen being viewed.

Electron microscopes

Transmission electron microscopes (TEM) show the internal
structures of cells whereas scanning electron microscopes
(SEM) show images of the surface features of the specimen.
New electron microscope technologies are being developed,
such as superfast electron microscopy, which enables scientists
to capture the movement of electrons, and a variety of three-
dimensional microscopes that have exciting research and
medical applications.

Light microscopes

You may have light microscopes at your school. These may

be either a monocular microscope (using one eye) or
binocular microscope (using two eyes). It is important that
the specimen you observe is very thin, so that the light can
pass through it. However, one type of binocular microscope, a
stereo microscope, allows you to see the detail of much larger
specimens. Stereo microscopes can be used to observe various
objects including living organisms or parts of them.

eye
binocular microscope a
microscope with two eyepieces
through which the specimen is
seen using both eyes

stereo microscope a type of
binocular microscope through
which the detail of larger
specimens can be observed

FIGURE 3.7 This electron micrograph
shows examples of diatoms, which belong
to a group of photosynthetic, single-celled
algae.

FIGURE 3.8 What’s in your water? These images show zooplankton viewed through a scanning electron

microscope. a. Chaetognath b. Daphnia c. A rotifer
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FIGURE 3.9 Scanning electron microscope

Source of electrons

Condenser lens

Projector lens

Image on
TV screen

Comparing microscopes

> Beam
deflectors

Detector

Specimen

FIGURE 3.10 Stereo light microscope

Stage

TABLE 3.2 Some comparisons between light microscopes and electron microscopes

Type of
microscope

Magnification
(how many
times bigger)

Resolution (how
much detail can
be seen)

Advantage(s)

Disadvantage(s)

Eyepiece

Focus knob

Switch

Examples of
detail that can
be seen

Light Up to x 2000 Up to about 500 Samples Limited visible Shapes of cells;
microscope times better than prepared quickly; | detail some structures
the human eye coloured stains inside cells,
can be used; e.g. nucleus and
living cells can chloroplasts
be viewed
Electron Up to x Up to about High Only dead All parts of cells;
microscope 2000000 5 million times magnification sections can be viruses

better than the
human eye

and resolution

viewed; specimen
preparation is
difficult; very
expensive

3.3.2 Award-winning images

Microscopes are used not just to observe images of organisms, but also in many other areas of science. Some
microscope images win awards recognising not just expertise but also creativity. For example, the Nikon Small
World Photomicrography Competition invites photographers and scientists to submit images of all things visible
under a microscope. The figures shown examples of some of the 2019 winner and honourable mentions.
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FIGURE 3.11 Turtle embryo imaged with FIGURE 3.12 Alligator embryo developing nerves
fluorescence and stereo microscopy and skeleton

FIGURE 3.13 Small white-hair spider FIGURE 3.14 The heart of a geranium dissectum

3.3.3 Magnification

The two lenses that determine the magnification of your microscope are the eyepiece lens and the objective
lens. Each lens has a number on it that signifies its magnification. Multiplying the eyepiece number by the
objective lens number will give you the magnification of the microscope. For example:

e eyepiece lens (ocular) magnification is x10

e objective lenses magnification is x40

e the total magnification of the microscope is = x400.

FIGURE 3.15 As the field of view gets smaller, the magnification gets larger.
int-5702

m— . magnification the number of

times the image of an object
has been enlarged using a lens
or lens system. For example, a

magnification of two means the
Field of view 4 mm Field of view 1.6 mm  Field of view 0.4 mm object has been enlarged to twice

(4000 pm) (1600 pm) (400 pm)
Magnification x40 Magnification x100 Magnification x400

its actual size.
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int-3390

FIGURE 3.16 The monocular light microscope

Light travels through
microscope to eye

Coarse focus knob

Fine focus
knob

Base

| |

<—— Eyepiece lens
(ocular)

~—— Body tube

Revolving
nosepiece

Objective
lenses

Slide
Iris adjustment
Mirror

. Light

Important points to remember when using a microscope

1. When lifting the microscope, put one hand on the body of the microscope and one hand under its

base.

o0 rwObd

Using a microscope

1. Adjust your mirror so the appropriate amount of light

passes through the hole in the stage.

2. Place the glass microscope slide (with a single hair
specimen on top) onto the stage.

3. While watching from the side, use the coarse focus
knob to adjust the objective lens or stage, until they
are just apart, or just above the slide. Moving it too
close may shatter the slide.

4. While looking through the eyepiece lens, carefully
turn the coarse focus knob, moving the stage and

objective lens apart, until the specimen is seen clearly.
5. Carefully use the fine focus knob so that you can see

the details of your specimen as clearly as possible.

Each time you change the objective lens, adjust only

with the fine focus knob.
6. Sketch what you see.

7. Suggest by how many times your specimen has been

magnified.

The microscope should be used on a flat surface and not too close to the edge.

Take care that the light intensity is not too high, or it might damage your eye.

When you have finished using the microscope, return the shortest objective lens into position.
Remove the slide, and ensure that the stage is clean.

Make sure that when your microscope is not in use, it is always clean and carefully put away.

FIGURE 3.17 How to focus your microscope —
and how not to!
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INVESTIGATION 3.1

Getting into focus with an ‘e’
Aim
To practise focusing a monocular light microscope

Materials

® 1 cm square piece of newsprint containing the letter ‘e’

® monocular light microscope

® microscope slide

e clear sticky tape

® 1 cm square piece of a coloured magazine or newspaper picture

® hair strands (from different individuals)

® spatula

¢ selection of white powders and crystals (e.g. flour, salt, sugar, baking soda)
e different brands or types of spices and leaf tea

e fibres (e.g. cotton, linen, silk, wool, nylon)

Method

1. Carefully stick the 1 cm square of newsprint onto a clean microscope slide using sticky tape.
2. Using the microscope directions, get the paper into focus using the coarse focus knob and the lowest
power objective lens (smallest magnification).
3. Carefully move the slide until you have a letter ‘e’ in focus.
4. Change to a higher level of magnification by rotating to a higher power objective lens.
5. Draw a sketch of what you see under x100 or x400 magnification in the results section. Remember
not to shade the image, outline only.
Record how many e’s would fit across the field of view. Use this to estimate the size of the ‘e’ by
dividing the size of the field of view by the number of e’s that would fit across the field of view.
7. Move the slide towards you. Record which direction the ‘e’ moves.
8. Move the slide to the left. Record which direction the ‘€’ moves.
9. Using sticky tape, stick a selection of sample specimens onto microscope slides.
10. Repeat steps 2-6 for each specimen.

°

Results

1. In which direction did the paper under the microscope move when you moved the slide (a) towards you
and (b) to the left?

2. What does the letter ‘e’ look like under the microscope? Draw a pencil sketch of what you see.

3. Record the magnification that you use and estimate how much of the viewed area is covered by the
letter ‘e’ at this magnification.

4. View your taped specimens using low power under the microscope and record your observations.
Include detailed descriptions, the magnification used and an estimate of size next to your diagrams.

Discussion

1. Did changing the magnification change the amount of detail you could see on the ‘e’ and the
specimens?

2. What occurred when the slide was moved (a) towards you and (b) to the left? Can you suggest a
reason for this? (Hint: Look at how a light microscope works.)

3. Suggest what the letters ‘P’ and ‘R’ would look like under the microscope.

4. Summarise your microscopic observations of the sample specimens. Identify ways in which they were
similar and ways in which they were different.

5. Propose a research question that you could explore using a light microscope, and describe how you
could investigate it.

Conclusion
On the basis of your experience, suggest advantages and disadvantages associated with light microscopes.
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Resources

eWorkbook In focus (ewbk-4055)
assessm 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
1,2,3,10, 12, 13 4,7,8,9, 14 5,6, 11, 15

Remember and understand

1. Identify whether the following statements are true or false. Justify any false responses.

a. A light microscope can produce a greater magnification than an electron
microscope.

b. Only dead sections can be viewed on an electron microscope.

c. Viruses can be viewed on a light microscope.

d. Resolution refers to how many times bigger a specimen is, whereas
magnification refers to how much detail you can see.

e. More detail can be seen in thicker specimens when using a monocular
light microscope.

Suggest why it is important not to have the light intensity setting too high on a light microscope.
Explain the importance of watching from the side of the microscope while using the coarse focus knob.
As the field of view of your microscope gets smaller, what happens to the magnification?

When you are looking down the microscope, what happens when you move the microscope slide

a. to the left c. towards you

b. to the right d. away from you?

abroenN

Apply and analyse

6. Use figure 3.15 to answer the following questions. (Note: 1000 pm = 1 mm)
a. Estimate the length of the specimen shown in the diagram at x40, x100 and x400 magnification.
b. Describe the differences in your observations of the three different magnifications.

7. Create Venn diagrams to distinguish between:
a. a monocular microscope and a stereo microscope
b. a light microscope and an electron microscope
c. a transmission electron microscope and a scanning electron microscope
d. resolution and magpnification
e. field of view and magnification.

8. If a specimen is 1 mm in length, how big will it appear if it is magnified x100?

9. If a specimen takes up the entire field of view at x100, how much of it will be seen at x400?

10. a. Sketch a line diagram or take a photo of your microscope and label as many of its parts as you can,
using figure 3.16.

b. Compare your labelled microscope figure with figure 3.16.
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11. Copy and complete the table provided.

Ocular lens (eyepiece) Objective lens Magnification

x5 x5 x25

x5 x10

x10 x100
x40 x400

12. Match the part of the microscope with its function.

a. Objective lens . Where the slide is placed
b. Slide

c. Stage clip slide
d

. Thin piece of glass where the specimen is placed

. Magnifies the image

O 0O wm >

. Iris adjustment . Allows large adjustments to the distance between the stage and

objective lens, which helps bring images into focus

e. Coarse focus knob E. Adjusts the amount of light reaching the eyepiece

f. Stage F. Allows small adjustments to the distance between the stage and the
objective lens, which helps bring the image into closer focus

g. Fine focus knob G. Holds the slide in place

Evaluate and create

13. Design and make a poster that shows either how a microscope should be used or what happens when
you use it the wrong way.
14. m This graph shows how the field of view changes with magnification under a light microscope.

4500 -
4000 —
3500 -
3000 -
2500
2000 ~

1500 ~

Field of view (microns)

1000

500

T T T T T T
200 400 600 800 1000 1200
Magnification (x)

a. This graph is missing a title. How would you title this graph?

b. Some light microscopes have an additional objective lens called an oil immersion lens. This can
magnify x100.
i. Assuming the eyepiece is x10, what would the total magnification be if you were using this lens?
ii. Use the graph to determine how big the field of view would be.

c. The oil immersion lens increases resolution. What does the term resolution mean?
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15. m Determine which of the following plant cell images, a or b, is taken with a light microscope
and which is taken with an electron microscope. Use evidence from the images to support your

conclusion.

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

3.4 Form and function — Cell make-up

LEARNING INTENTION

At the end of this subtopic you will recognise that some organisms consist of a single cell. You will also identify

structures within cells and describe their function.

3.4.1 Similar, but different

Cells are the building blocks that make up all living things. Organisms may be
made up of one cell (unicellular) or many cells (multicellular). These cells

unicellular made up of only one
cell

multicellular made up of many
cells

organelles any specialised

contain small structures called organelles that have particular jobs within the cell structure in a cell that performs

and function together to keep the organism alive.

Cells can be categorised on the basis of the
presence and absence of particular organelles and
other structural differences. Organisms can be
classified by the different types of cells they are
made up of.

How big is small?

The size of cells may vary between organisms and
within a multicellular organism. Most cells are too
small to be seen without a microscope. Cells need
to be very small because they have to be able to
quickly take in substances they need and remove
wastes and other substances. The bigger a cell is,
the longer this process would take.

a specific function

FIGURE 3.18 The most commonly used unit is the
micrometre (um).

50 um

Human cheek 1

cell

100 ym

Plant cell
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Very small units of measurement are used to describe the size of cells. The most commonly used unit is the
micrometre (um). One micrometre equals one millionth (1/1 000 000) of a metre or one thousandth (1/1000)
of a millimetre. Check out your ruler to get an idea of how small this is! Most cells are in the range of 1 um
(bacteria) to 100 um (plant cells).

Advances in technology are creating an increased need for the use of the nanometre (nm) as a unit. One
nanometre equals 1 billionth (1/1 000 000 000) of a metre. Investigating the organelles within cells and the
molecules they react with requires this level of measurement.

Nanotechnology is a rapidly developing field that includes studying and investigating cells at this ‘nano level’.
While it requires lots of creative, exciting and futuristic ‘what if” thinking, it also involves an understanding of
the basics of information and ideas that are currently known.

3.4.2 Have it or not?

Prokaryotes such as bacteria were the first type of organism to appear on Earth. The key difference between
prokaryotes and all other kingdoms is that members of this group do not contain a nucleus or other membrane-
bound organelles. The word prokaryote comes from the Greek terms pro, meaning ‘before’, and karyon,
meaning ‘nut, kernel or fruit stone’, referring to the cell nucleus.

FIGURE 3.19 Prokaryotes and eukaryotes micrometre one millionth of a
metre
nanometre one billionth of a
metre

All organisms

nanotechnology a science

and technology that focuses

on manipulating the structure

of matter at an atomic and
molecular level

prokaryote any cells or
organisms without a membrane-
bound nucleus (e.g. bacteria)
eukaryote any cells or organisms
with a membrane-bound nucleus
(e.g. plants, animals, fungi and
Prokaryotae Eukaryotae protists)

No membrane- Membrane-
bound organelles bound organelles

Eukaryotic organisms made up of eukaryotic cells appeared on Earth billions of years later. As eu is the

Greek term meaning ‘good’, eukaryote can be translated as ‘true nucleus’. Members of the kingdoms
Animalia, Plantae, Fungi and Protoctista are eukaryotes and are made up of cells containing a nucleus and other
membrane-bound organelles.

FIGURE 3.20 Eukaryotic cells a. contain a nucleus and membrane-bound organelles, whereas prokaryotic cells
b. do not.

(a) Eukaryotic cell (b) Prokaryotic cell
Plasmid

Nucleoid

Mitochondrion Cytosol

Ribosomes

Nucleus
Golgi bod
Mhied Endoplasmic
reticulum Cell wall
Chloroplast
Cytosol Ribosomes

Cytoplasmic membrane
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3.4.3 What do we share?

What most cells have in common is that they are made up of a cell membrane containing a fluid called cytosol
and small structures called ribosomes. The collective term used to describe the cytosol and all the organelles
suspended within it is cytoplasm. The hundreds of chemical reactions essential for life that occur within the
cytoplasm are referred to as the cell’s metabolism. The ribosomes are where proteins such as enzymes, which
regulate the many chemical reactions important to life, are made. The cell membrane regulates the movement of
substances into and out of the cell. This enables the delivery of nutrients and substances essential for reactions,
and the removal of wastes.

FIGURE 3.21 Different sizes

cell membrane the structure

that encloses the contents of a
cell and allows the movement of
some materials in and out
cytosol the fluid found inside
cells

ribosomes small structures within
a cell in which proteins such as
enzymes are made

750 pm
300 pm
100 pm

Vorticella Bacterium A Paramecium is a Euglena

unicellular protist
(or protoctistan). cytoplasm the jelly-like material

inside a cell. It contains many

Resources organelles such as the nucleus
and vacuoles
metabolism the chemical
reactions occurring within
an organism that enable the
organism to use energy and grow
3.4.4 Five Kingdoms? LG ReE]

Animalia the kingdom of

Living things can be divided into five kingdoms — Animalia (animals), Plantae eREASS liE PEve el ity
a membrane-bound nucleus,

(plants), Fungi (for example, mushrooms), Protoctista (also called Protista) and but no cell wall, large vacuole or
Prokaryotae (also called Monera). While this system provides an opportunity chloroplasts (e.g. animals)

to classify organisms into these groups (figure 3.23), information from currently Plantae the kingdom of
developing technologies means that it will not be long until a new extended EIEEETE HED PEvE O bl

lassificati | a membrane-bound nucleus,
classification system evolves. cell wall, large vacuole and

chloroplasts (e.g. plants)

Fungi the kingdom of organisms
made up of cells that possess a
membrane-bound nucleus and
cell wall, but no chloroplasts (e.g.
mushrooms). Some fungi can help
to decompose dead and decaying
matter.

Protoctista the kingdom of
organisms made up of cells that
possess a membrane-bound
nucleus but vary in other features
and do not fit into other groups
(e.g. protozoans). Also called
Protista

Prokaryotae the kingdom of
unicellular organisms made up
of a single cell that does not
possess a membrane-bound
nucleus or other membrane-
bound organelles (e.g. bacteria).
Also called Monera

Video eLesson Inside cells (eles-0054)

FIGURE 3.22 The five kingdoms of living things

ANIMALIA
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FIGURE 3.23 A key characteristic used to classify organisms into kingdoms is the structure of their cells.

All organisms

No membrane- Membrane-

bound organelles bound organelles

Prokaryotae Eukaryotae

Doesn’t fit

Bacterium Multicellular
anywhere else

Protoctista Has no cell wall Has a cell wall
Animalia Cell wall made of Cell wallirpade of

cellulose chitin

Plantae Fungi

WHAT DOES IT MEAN?

The prefix uni- comes from the Latin term meaning ‘one’. The prefix multi- comes from the Latin term
meaning ‘many’.

3.4.5 All on my own

Unicellular organisms such as bacteria and some protists such as Amoeba, Euglena and Paramecium need to
carry out all the required processes themselves. They even reproduce themselves by dividing into two. This
process is called binary fission.

To live long enough to reproduce, unicellula}r organisms need to pe able to function binary fission reproduction

on their own. They need to obtain their nutrients and remove their wastes. The by the division of an organism
solution to this requirement has resulted in the wonderful diversity of unicellular (usually a single cell) into two new
organisms that are alive on Earth today or have lived in our planet’s history. SIS
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FIGURE 3.24 Unicellular organisms

The food is digested inside the
food vacuole. Nutrients diffuse
out of the food vacuole into the
cytosol of the amoeba. Nucleus

Vacuole containing water

Food
(a unicellular

organism called
-‘T’/a desmid)

Ingested food /

(inside a food vacuole)

3.4.6 Specialist workers

Multicellular organisms are made up of many different types of cells that have
different jobs to do. Each of these different types of cells has a particular
structure so that it is able to do the job it is specialised for. This may include
the presence and number of particular organelles or additional external
structures to assist with movement (such as flagella or cilia).

plant’s vacuoles

FIGURE 3.25 Different types of cells have particular structures enabling specialised tasks.

Plant cell Animal cell

f'/' '«  wu<«—— Cellmembrane e
ol i B

o,

\ N The thin layer that encloses the cytosol is the cell &
". v membrane. It keeps the cell together and gives it ¢ «
[' its shape. Some substances, such as water and &

/‘ oxygen, can pass through the cell membrane, but g
¢ | other substances cannot. The cell membrane

\

f. l controls what enters and leaves the cell. 4

Nucleus t

The nucleus is the control centre of the cell. It | '
contains DNA in the form of chromosomes and
controls what the cell does and when. \‘- %5,

Cytosol & 3
The jelly-like substance inside cells is the cytosol. It contains
many important substances, such as glucose, that are -
needed for chemical reactions that occur inside cells.

Cell wall
The tough covering around plant
cells is the cell wall. It gives plant
cells strength and holds them in
shape. Plant cell walls are made
of a substance called cellulose.
Water and dissolved substances

Chloroplasts
Chloroplasts are the oval-shaped
organelles found only in plant cells.
Chloroplasts contain a green
substance called chlorophyll.

Vacuole

The vacuole is an organelle used to store water and
dissolved substances. Vacuoles can look empty, like
an air bubble. Plant cells usually have one large
vacuole. The mixture inside a plant’s vacuoles is

cellulose a natural substance that
keeps the cell wall of plants rigid

cell sap the mixture inside a

can pass through the cell wall.
Animal cells do not have
a cell wall.

Chloroplasts use energy from the
sun to make food. Not all plant
cells contain chloroplasts. They are
found only in leaf and stem cells.

called cell sap. The red, blue and violet colours that
you often see in plant leaves and flowers are due to
the substances stored in vacuoles. Most animal cells
don’t have vacuoles.
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Microfactories

Mitochondria and chloroplasts are examples of membrane-bound organelles found in eukaryotic cells. While
all eukaryotic cells contain mitochondria, because they are all involved in cellular respiration, only those

involved in photosynthesis (such as those in plant leaves) contain chloroplasts. Chloroplasts contain the green
pigment chlorophyll. This pigment is used to trap light energy so that it can be

converted into chemical energy and used by the cells.

EXTENSION: The endosymbiotic theory

There is a theory called the endosymbiotic theory that suggests that mitochondria
and chloroplasts were once prokaryotic organisms. This theory suggests that, at
some time in the past, these organisms were engulfed by another cell and over
time they evolved to depend on each other.

FIGURE 3.26 The origin of the eukaryotic cell? Some scientists also suggest
that our nucleus may have come from a giant viral ancestor.

mitochondria small rod-shaped
organelles that are involved in the
process of cellular respiration that
results in the conversion of energy
into a form that the cells can use.
Singular = mitochondrion.

chloroplasts oval-shaped
organelles that are involved in
the process of photosynthesis
that results in the conversion of
light energy into chemical energy

cellular respiration a series of
chemical reactions in which the
chemical energy in molecules
such as glucose is transferred into
ATP molecules, which is a form of
energy that the cells can use

photosynthesis a series of
chemical reactions that occur
within chloroplasts in which the
light energy is converted into
chemical energy. The process
also requires carbon dioxide and
water, and produces oxygen,
water and sugars — which the
plant can use as ‘food’.
chlorophyll the green-coloured
chemical in plants that absorbs
light energy so that it can be used
in the process of photosynthesis

3.4.7 Some differences in the basic cell design in the five kingdoms

TABLE 3.4 Differences in the basic cell design in the five kihngdoms

Kingdom

Characteristic Animalia Fungi Plantae Protoctista Prokaryotae
(animals: (e.g. yeasts, (plants: e.g. (e.g. algae, (bacteria and
e.g. lizards, moulds, ferns, mosses, protozoans) cyanobacteria)
fish, spiders, mushrooms, conifers,
earthworms, toadstools) flowering plants)
sponges)
Number of cells Multicellular Usually Most Unicellular or Unicellular
multicellular multicellular multicellular
but some
unicellular
Nucleus Present Present Present Present Absent
Cell wall Absent Present Present Present in some | Present
Large vacuole Absent Absent Present Present in some | Absent
Chloroplasts Absent Absent Present in leaf Present in some | Absent (but

and stem cells

chlorophyll may
be present in some)
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Resources

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

Remember and understand

1. State why the nucleus is important to the cell.

2. ldentify where enzymes are made in a cell and state why they are important.

3. m Emily is trying to determine if increasing the temperature of an enzyme will increase the reaction
rate. She uses an enzyme that breaks down the starch in potato into sugar. She sets up three beakers.
The first has 10 g potato in 200 mL water at 20 °C (room temperature). The second beaker has 10 g
potato in 200 mL water and 5 g of the enzyme at 20 °C. The third beaker has 10 g potato in 200 mL
water and 5 g of the enzyme heated to 30 °C. She measures the amount of glucose at the end of
10 minutes.

a. ldentify the independent and dependent variables.
b. Is a control used in this experiment? If so, which beaker is it?
c. Is this experiment a fair test? Provide an explanation for your decision using the definition of fair test.

Apply and analyse

Use table 3.4 to answer the following questions.
4. Complete the table by identifying which kingdoms relate to
these characteristics.

Characteristics

Not have a cell wall, large vacuole or
chloroplasts

Have a cell wall, large vacuole and
chloroplasts

Have a cell wall, but no large vacuole or
chloroplasts

Have a cell wall and a nucleus without a
membrane around it

5. List two examples of each of the five kingdoms.

6. m Review the image given, and answer these questions.
a. What features can you identify in the cell?
b. Hypothesise which kingdom this cell belongs to.
c. Can a hypothesis be incorrect?
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Evaluate and create

7. Make a labelled model of a cell from one of the kingdoms. Use materials available at home, such as
drink bottles, egg cartons, cottonwool, wool, cotton or dry foods.
8. m Algae have many different forms. Broadly they can be broken into three groups:
® green algae
® brown algae
® red algae.
Green algae are a group of 9000 to 12 000 species. They all have a central vacuole and
chloroplasts, and some forms have flagella making them motile (able to move). They can be
unicellular, form colonies or be multicellular.

a. Desmid — a unicellular green algae, b. Volvox — colony formed of unicellular algae, c. Sea lettuce — a
multicellular green algae

Brown algae are a large group of
multicellular algae including many Harpoon weed red algae (Asparagopsis armata)
seaweeds. They have chloroplasts underwater in the Mediterranean Sea, Spain
surrounded by four membranes ;
(compared to the usual two). Some
also possess flagella.

Red algae are a group of
approximately 7000 species that
have a lifecycle much like that of a
fungus. They have no flagella and so
they are non-motile. They are mainly
multicellular but there are some
that are unicellular. They contain
chloroplasts.

All algae have cell walls that _ 7 A
contain cellulose. g 1 , NS AX

There is much discussion over which kingdom the algae should belong and whether or not
the three divisions should be grouped together.

Which kingdom do you think the algae should belong? Justify your response using evidence
from the above text.

9. m What does the endosymbiotic theory suggest? Formulate questions to ask about it. Research

and report on your questions.

10. EE) Research and report on:
a. examples of prokaryotic cells and interesting survival strategies
b. mitochondrial DNA and haplogroups.

11. m Research two of the organelles or cells listed. Create a play, and construct puppet models for
your characters. Present your play to the class.
® Nucleus

Mitochondrion

Chloroplast

Prokaryotic cell

Protoctistan cell

Animal cell

Plant cell
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12. Investigate the different types of cells and create your own picture book about them using the

following steps.

a. Construct a matrix table (see section 10.10 Matrixes and Venn diagrams) to show the differences

between the cells of the different kingdoms.
b. Construct a storyboard for a picture book about them.
c. Create the picture book.

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

3.5 Zooming in on life

LEARNING INTENTION

At the end of this subtopic you will understand how to prepare a specimen for viewing, including the use of dyes
to highlight specific cell features. You will also be able to record images using scientific drawing techniques.

3.5.1 Sketching what you see under the microscope

Some points to remember

1.
2.
3.

N ON L A

Use a sharp pencil.

Draw only the lines that you see (no shading or colouring).
Your diagrams should take up about a third to half a page
each.

. Record the magnification next to each diagram.

. State the name of the specimen and the date of observation.
. A written description is also often of considerable value.

. When you are viewing many cells at one time, it is often

useful to select and draw only two or three representative cells
for each observation.

3.5.2 Preparing a specimen

Light microscopes function by allowing light to pass through the
specimen to reach your eye. If the specimen is too thick, the object
cannot be seen as clearly or may not be seen at all.

Careful peeling, scraping, slicing or squashing techniques can be
used to obtain thin specimens of the object to be studied.

Staining a specimen

FIGURE 3.27 An example of a sketch of a
microscope specimen

Nucleos
Istained dark blue)

Cell membrane
Cheek cells 100x

15/9/2010

Many objects are colourless when viewed under the microscope, so specimens are often stained to make them
easier to see. Methylene blue, iodine and eosin are some examples of commonly used stains.

Each stain reacts with different chemicals in the specimen. For example, iodine stains starch a blue-black colour.

Take care when using these stains, because they can stain you as well!
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INVESTIGATION 3.2

Preparing a wet mount

elog-0391

Aim
To prepare a wet mount and observe micro-organisms on a microscope slide

Materials
® light microscope ® microscope slides (well slides work best for
e coverslips this)
® pipette e culture of living microscopic organisms:
¢ toothpick paramecium, amoeba, rotifers, euglena
® pond water
Method

1. Use the pipette to put a drop of pond water or microbe culture on a clean microscope slide.

——— —

B —— — —

< ) T

\_—-_—:—._—_':;:__- -
2. Gently place a coverslip over the drop of water by putting one edge down first. Use a toothpick as
shown.
3. Incorrect placement of the coverslip can result in air bubbles.
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4. Use a microscope to observe the slide.

Cell Air bubbles

Nucleus Air bubble
5. Once you have recorded your results, remove the coverslip, rinse and dry the slide, and then prepare a
new slide specimen and repeat the steps above.

Results

Draw detailed sketches of what you see. Remember to include a title, the magnifications used and as many
comments as you can.

Discussion

Construct a matrix to show the similarities and differences between the specimens.

Suggest reasons for these differences.

Use resources on the internet to identify your specimens.

Which kingdoms do you think each specimen may belong to? Provide reasons for your classification.
Identify two structures you observed in the investigation and find out more about their function (that is,
what their ‘job’ is).

You have been observing living specimens. Identify advantages and disadvantages of using living
rather than dead specimens or prepared slides.

aghroN=

o

Conclusion
Write a conclusion for this investigation.

INVESTIGATION 3.3

Preparing stained wet mounts
Aim
To prepare, stain and observe a specimen on a microscope slide

Materials
® |light microscope ® forceps or tweezers
® pipette ® microscope slides and coverslips
® blotting paper ® water, methylene blue, iodine
* toothpick ® onion, ripe and unripe banana, celery stick
® scalpel
CAUTION

The scalpel has a very sharp blade. Handle it with care.
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Method
1. Use the pipette to put a drop of water on a clean microscope slide.

2. Use a scalpel and forceps to peel a small piece of the very thin, almost transparent onion skin from the
inside surface of an onion. You may also be able to snap the piece of onion and peel a thin layer of skin
off.
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4. Gently place a coverslip over the drop of water containing the onion skin by putting one edge down
first. Use a toothpick as in investigation 3.2 to avoid air bubbles. Use blotting paper to soak up any
excess water outside the coverslip.

5. Use a microscope to observe the slide; first use low power and then increase the magnification.

6. Prepare another slide of onion skin, except this time add a drop of methylene blue instead of water to
the slide. Make sure that you carefully blot excess stain from the slide after you add the coverslip.

7. Observe this stained onion specimen; first use low power, then view at a higher magnification.

Once you have recorded your results:

8. Remove the coverslip, and rinse and dry the slide.

9. Use the steps outlined on the previous page to prepare the following slides:
e celery epidermis (outer layer of the celery stem) with and without methylene blue stain
® squashed ripe and unripe banana with and without iodine.

Results

Draw detailed sketches of what you see. Remember to include a title, the magnifications used and as many
comments as you can. Label any parts that you can identify.

Discussion

1. Compare the cells of the stained onion epidermis and the celery epidermis. Identify their similarities
and differences. Suggest reasons for the differences.

2. Compare the cells of the stained ripe and unripe banana. Identify their similarities and their differences.
Suggest reasons for the differences.
Methylene blue is used to stain the nucleus so that it is easier to see. lodine changes from
yellow-brown to a dark blue when it combines with starch.

3. Why stains are used. Include reasons for using methylene blue and iodine that relate to your
observations in this investigation.

4. Investigate the functions of the structures observed in your stained specimens. Suggest how features
of these structures assist their function.

Conclusion

1. Identify strengths, limitations and improvements related to this investigation.
2. Watch the Inside cells animation in your Resources section to learn about cells and organelles.

Resources

eWorkbook Preparing a stained wet mount (ewbk-4057)
assessm Additional automatically marked question sets
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3.5 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
Question Questions Question
1 2,3 4

Remember and understand

1. a. Carefully observe the image of plant
cells given and construct a sketch of
one of the cells.

b. Use references to suggest labels for
the structures shown in your sketch.

Apply and analyse

2. m Carefully observe the student sketches shown. For each diagram, list what is wrong with it and
suggest how it could be improved.

(©

Nucleus
Cytoplasm

Cell membrane

x40

Evaluate and create

3. |EE) Design a poster that shows others how to prepare a variety of specimens to be viewed under a
microscope.
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4. |EE) Methylene blue has the following warning symbols on the Safety Data Sheet that need to be
considered when it is used.

CAUTION

a. What do these symbols mean?
b. What precautions should be taken when using methylene blue?

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

3.6 Focus on animal cells

LEARNING INTENTION

At the end of this subtopic you will be able to describe how cell shape and size (form) enables the functions of
animal cells.

3.6.1 In all shapes and sizes

Cells within an organism may differ in their shape and size. This difference may be due to the particular jobs
or functions that the cells carry out within the organism. The human body is made up of more than 20 different
types of cells, with each type suited to a particular function.

Nerve cells develop long, thin fibres that quickly carry messages from one cell to another. Cells lining the
trachea have hair-like cilia that move fluid and dust particles out of the lungs. Muscle cells contain fibres that
contract and relax, and the human sperm cell has a tail or flagellum that helps it swim to the egg cell.

Cells can also differ in the organelles that they contain within them. Muscle cells, for example, contain many
more mitochondria than other types of cells due to their high energy requirements. Red bloods cells also differ
from many other types of cells because, as they mature, they lose their nucleus. This makes more room available
for them to carry more oxygen throughout your body.

EXTENSION: Facts about human cells

Did you know these facts about human cells?

® Hair and nails are made of dead cells, and because they
are not fed by blood or nerves you can cut them without it
hurting.

® A human baby grows from one cell to 2000 million cells in
just nine months.

® Red blood cells live for one to four months and each cell
travels around your body up to 172 000 times.

® Some of the nerve cells in the human body can be one
metre long. But that’s small compared with the nerve cells
in a giraffe’s neck. They are two to three metres long!
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FIGURE 3.28 The human body is made up of more than 20 different types of cells, with each type suited to a

int-3395  particular function.
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\\/\ Nerve cells

Nerve cells are very long

X and have a star shape at
a one end. The long shape
Tail ‘ of nerve cells helps them
t: '1?# f‘\ . . detectand send electrical
lng W, /~7~  messages through the

body at the speed of a
Formula 1 racing car.

There are nerve cells all

over your body. They allow you to detect touch, smell, taste,
sound, light and pain.

Muscle cells
Muscle cells are long
and elastic. Long
thin cells can slide
further over each
other to allow you

to move. There are
different types of
muscle cells. The walls of your blood vessels
and parts of your digestive system have
‘smooth muscle’ cells. The muscles that are
joined to your bones are called ‘skeletal
muscles’. Skeletal muscles work in pairs — /

one muscle contracts (shortens) and pulls | /
the bone in one direction while the other | /‘
muscle relaxes. J

10 mm

Red blood cells ‘ :
Red blood cells carry ‘MY
oxygen around the \\\ \

allows them to move easily
through blood vessels. The
nucleus in a red blood cell dies soon after the cell

is made. Without a nucleus, red blood cells live for
only a few weeks. The body keeps making new blood
cells to replace those that have died. Red blood cells
are made in bone marrow at the rate of 17 million

cells per minute! This is why most people can donate
some of their blood to the Red Cross without harm.
White blood cells, which are larger than red blood
cells, are also made in the bone marrow. Their job

is to rid the body of disease-causing organisms and
foreign material.

body. Their small size \‘\'f \

Bone cells
Minerals such as
calcium surround your

that they can keep you upright.
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. bone cells. The minerals help make bone cells
[ hard and strong. Bone cells need to be hard so

Lung epithelial cells

The cells that line your nose,
windpipe and lungs are a type
of lining cell. They have hair-like
tips called cilia. These cells help
protect you by stopping dust
and fluid from getting down

your windpipe. The cilia can
also move these substances away from your lungs. You remove
some of these unwanted substances whenever you sneeze,
cough or blow your nose.

Q
?’/\ Adipose tissue cells

Some cells store fat. Fat stores

a lot of energy for cells to use

) later. Round shapes are good for
holding a lot of material in a small

space. Fat cells are mostly found underneath your

skin, especially in the chest, waist and buttocks.

15 mm

— Skin cells

ar o) Special cells

% / line the outside
=) surfaces of your

body. These are

7, /| the cells that form your skin. These cells have
( @ a flattened shape so they can better cover and
|

_,/‘ ) protect your body.
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Sperm cells
Sperm cells have long tails
§ that help them swim towards
N egg cells. Only males have
y/ sperm cells.

Egg cells

Egg cells are some
of the largest cells
in a human body.
Their large round

£
g shape helps them
=] store plenty of food.
e T el Only females have
o egg cells. When a
i T-O;F sperm cell moves into an egg cell, the egg cell is

fertilised.
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INVESTIGATION 3.4

Animal cells — what’s the difference?
Aim
To observe the features of different types of animal cells
Materials
¢ |light microscope
® prepared animal slides: blood cells, muscle cells, cheek cells, nerve cells
Method
Use a microscope to observe the prepared slides.
Results
Record detailed diagrams of your observations. Next to your diagrams, include details of the (a) source of the
specimen, (b) type of specimen, (c) magnification used and (d) a detailed description of the specimen.
Discussion
1. Were all of the animal cells you observed the same size? Explain.
2. Did all of the cells observed contain a nucleus? Explain.
3. ldentify features that all of the observed animal cells shared.
4. ldentify differences between the features of the cells observed.
5. Suggest reasons for the differences between the cells.
6. Compare your cells with those in figure 3.28.
a. Do your sketched diagrams match the structures shown in the figure? Explain.
b. Read through the text related to the functions of the different types of cells. Do these match those
you suggested in question 5? Explain.
Conclusion
Suggest how the shape or size of a cell may assist it in doing its job.
Resources
assessm Additional automatically marked question sets
3.6 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
1,2,3 4,5,7 6, 8

Remember and understand

1. Match the types of cells with their descriptions.

Type of cell Description

a. Muscle cell A. Has a long tail that helps it to swim towards the egg cell

b. Skin cell B. Long, thin elastic cells that contract and relax

(continued)

TOPIC 3 Cells — the basic units of life 89



(continued)

c. Red blood cell C. Aflat cell that lines the outside surface of your body
d. Nerve cell D. Very tiny cell that lacks a nucleus when mature and carries oxygen
e. Sperm cell E. Very long cell, star-shaped at one end, detects and sends messages

Identify which features most animal cells have in common. Suggest reasons why.

Describe some ways in which cells may differ.

Suggest why the cells in a multicellular organism are not all the same. Give examples in your answer.
Distinguish between:

a. skin cells and sperm cells

b. red blood cells and nerve cells

c. adipose tissue cells and muscle cells.

aghroDN

Apply and analyse
6. EY

a. Summarise the information from figure 3.28 into a table with the headings: ‘Type of cell’, ‘Function’,
‘Shape’ and ‘Size’.

b. Using these data, determine the average size of an animal cell.

c. Use a bar graph to plot the sizes of the different types of animal cells.

d. Identify which animal cells are ‘above average’ in size and which are ‘below average’. Suggest
reasons for the differences.

e. Comment on the differences in other features between the cells.

7. Sperm cells have large numbers of mitochondria. Explain, with reference to the function of the sperm
cell, why this is the case.

Evaluate and creat
aluate and create FIGURE 3.29 How to make a ‘peep through’ learning

8. |E) Using your own research and the wheel
information in figure 3.28, construct a ‘peep
through’ learning wheel that shows the
structure and function of the different types
of animal cells. Instructions for making a
‘peep through’ learning wheel are given at
in figure 3.29.

a. On an A4 piece of white paper or
card draw two circles, one with a ‘tab’
(wheel 2) and one without (wheel 1).

b. Cut out the two rectangular box areas as
shown on wheel 1.

c. Draw in the large and the small rectangles
as shown on wheel 2.

d. Write the animal cell types in the small Wheel 2
boxes on wheel 2. Sketch matching
diagrams of examples of these cell types é

!

Wheel 1

Figure A

in the corresponding large box opposite. \
e. Attach the two wheels, with wheel 1 on >
top, using a paper fastener.
f. Rotate your wheel to view examples of
types of animal cells. Gﬁ

§
Label A DZO \\\\\

Fully worked solutions and sample responses are available in your digital formats.
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3.7 Focus on plant cells

LEARNING INTENTION

At the end of this subtopic you will be able to identify and describe cells that are specialised for function in
plants.

3.7.1 Have or have not

Like animal cells, plant cells have cytoplasm, a membrane and a nucleus. Unlike animal cells, plant cells have
a cellulose cell wall and a large central vacuole filled with cell sap. Often plant cells also contain chloroplasts
in their leaves, which enable them to make their own food in a process called photosynthesis. In this process,
carbon dioxide and water move into the chloroplast, leading to the production of glucose and the release of
oxygen.

FIGURE 3.30 Process of photosynthesis in the leaves of plants

Light energy ﬁ_»_H/

from the sun

- _—

P —
/ ’ - 1 \\
/ = ol Water from
< Leaf L e > \\f the plant’s
cross-section § o ~<f . - roots

Stoma—>S=F T L YA
Chloroplast S Chloroplasts

On the surfaces of leaves, there are pairs of special cells called guard cells, which surround tiny pores called
stomata. The guard cells can change shape, opening or closing the stomata. Special cells on the roots extend into
microscopic hairs that penetrate between soil particles. The hairs provide a large surface area through which
water may be absorbed from the soil.

WHAT DOES IT MEAN?

The word xylem comes from the Greek word xulan, meaning ‘wood’. The word phloem comes from the Greek
word phloos, meaning ‘bark’.
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FIGURE 3.31 Some of the types of cells found in plants

Leaf cells (palisade cells)

The main function of
leaf palisade cells is to

65 um photosynthesise, so they are
packed with chloroplasts and
are usually green.

Guard cell

Epidermal cells

Epidermal cells are found on the outside of the
plant. They form an outer skin for the plant and
protect the cells underneath. This explains why
they need a flat shape and why they interlock
like tiles. Epidermal cells do not usually
photosynthesise so they lack chloroplasts.
Light needs to pass through them, and they are
usually transparent. The cells in the diagram
below are onion epidermal cells.

Leaf cell

Guard cells

Guard cells are kidney-shaped cells found on
the surface of leaves. They can change shape
to either open or close the small hole between
them. The small holes, called stomata (or
stomates), allow substances such as carbon
dioxide to enter the leaf. They also let water
out of the leaf. Most plants open their stomata
at night; they close their stomata during the
day (when it is hotter) to conserve water.

Xylem cells

Xylem cells form xylem tubes, which carry water and dissolvecNA
minerals up the plant and into the leaves. Xylem tubes

are made up of dead xylem cells joined end to end. When xylem

cells die, the cell walls at each end of the cells dissolve, forming

a long straw-like tube. They have thick cell walls with lots of

cellulose to make the xylem tubes strong.

100 ym

Phloem cells Epidermal cells

Like xylem cells, phloem cells form
tubes. The tubes formed by phloem
cells carry the food made in the
leaves to all parts of the plant.
Phloem cells do not need to die to
do this job. The ends of phloem cells
have holes and look like sieves.

)
4

1)
l'l

1
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Root hair cell

Root hair cells absorb water and dissolved minerals from
the soil. They have small hairs, called root hairs, on their
Xylem cells surface. This increases the surface area of the root cells so

that they can soak up water more quickly. Root hair cell

INVESTIGATION 3.5

Plant cells in view
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Phloem cell

Aim
To observe the features of different types of plant cells

Materials

® light microscope
® prepared plant slides: leaf epidermal cells, root hair cells, stomata/guard cells

Method
Use a microscope to observe the prepared slides.
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Results

Record detailed diagrams of your observations. Next to your diagrams, include details of the (a) source of the
specimen, (b) type of specimen, (c) magnification used and (d) a detailed description of the specimen.

Discussion

Were all of the plant cells the same size? Explain.

Did all of the cells observed contain a nucleus? Explain.

Identify features that all of the observed plant cells shared.

Identify differences between the features of the cells.

Suggest reasons for the differences between the cells.

Compare your cells with those in figure 3.31.

a. Do your sketched diagrams match the structures shown in the figure? Explain.

b. Read through the text related to the functions of the different types of cells. Do these match your
answer to question 5? Explain.

o0, Obd~

Conclusion
Suggest how the shape or size of a cell may help it to do its job.

Resources

eWorkbook Plant transport highways (ewbk-4059)
assessm Additional automatically marked question sets

3.7 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
1,2 3,5,6 4,7

Remember and understand

1. Match the types of cells with their descriptions.

a. Guard cell A. Sieve-like cells that form tubes that carry food made in the leaves to
other parts of the plant

b. Phloem cell B. Cells with small hairs that increase their surface area so that they can
absorb more water

c. Xylem cell C. Thick-walled cells that carry water up the plant

d. Root hair cells D. Kidney-shaped cells that can change shape to either open or close the

small hole between them, which allows gas exchange between the plant
and its environment
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2. Describe some ways in which plant cells may differ.
3. Distinguish between:

a. palisade cells and guard cells

b. xylem cells and phloem cells

c. epidermal cells and root hair cells.

Apply and analyse
. EQ

a. Summarise the information in figure 3.31 into a table with the headings: ‘Type of cell’, ‘Function’,
‘Shape’ and ‘Size’.

b. Using these data, determine the average size of a plant cell.

c. Use a bar graph to plot the sizes of the different types of plant cells.

d. Identify which plant cells are ‘above average’ in size and which are ‘below average’. Suggest reasons
for the differences.

e. Comment on the differences in other features between plant cells.

Evaluate and create

5. Cons<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>