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Developed by teachers for students

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

Because both what and how students learn matter
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Learning is personal Learning is effortful Learning is rewarding
Students: Access lessons tailored Students: Challenge yourself, Students: See your progress
to your needs, with interactive build confidence, and grow in real time, recognise your
content and support to help you through purposeful practice on strengths, and focus on
progress confidently. Australia’s leading platform. where to improve.
Teachers: Deliver engaging, Teachers: Encourage persistence Teachers: Use rich analytics to
differentiated lessons with with tasks that develop resilience track growth and target
built-in scaffolding and tools and drive meaningful support exactly where and
to support every learner. learning outcomes. when it’s needed.
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L earn online with Australia’s most

in one simple view

Practical teaching advice and ideas for
each lesson provided in teachON

Reading content and rich media
including embedded videos
and interactivities
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New: Al-powered personal tutor, jacTUTOR
Trusted, curriculum-aligned content
Engaging, rich multimedia

Deep insights into progress

Immediate feedback for students

A full suite of lesson resources for teachers
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LESSON 6.5 6.

It

In this lesson you will evaluate the environmental impact of extracting and using resources, and
document your findings in a written scientific report

Re

Q1
6.5.1 The decision to mine icer
Mining supplies essential metals and fuels for
edlectricity generation, contributing significantly to
the weaith and high Iiving standards of some
Austrakians. it provides many jobs and brings
InCome 10 the country. However, certain types of
mining can create large holes in the ground,
remove vegetabon, and harm animal and plant
habitats. Additionally, mining can poliute water
and air and leave prles of waste soil and rock

FIGURE 621 An open-cut mine

Mining companies, just like individuals, are
required (0 be good citizens and responsible
members of the community. The conomic
benefits of mining must be balanced against the
social and environmental responsibilices. The development of mines to extract natural resources

from below Earth's surface often leads to debate. The decision about whether mining should take I
place, or how it should take place in a particular location, IS never a imple one

Q2

To investigate the effect of resource extraction on the environment by simulating the
removal of resources from Earth's surface and observing changes to the landscape




powerful learning tool, learnON

eWOorkboos

[ pcruron w mees e b you v

Practical Investigation el ogbook

Ougitel documents o

“ “ “ egtenes

Questions: Quesvons Questions Interactimbes <

1.2 346 57

Weblnay

\ber and understand
uumn Topi POF

Maor air poliutant reieased cunng the exiraction of metals from ey ores. (EIEE) eworvoook
m’»uh:n

I 7 actxat investigavon
EIT) Owgitar cocuments

SDUNOSIY

New! Quick Quiz questions for
skill acquisition

Differentiated question sets

Teacher and student views

Textbook questions

Practical investigation eLogbooks

Digital documents

Video eLessons

Interactivities

Extra teaching support resources

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

Trusted Jacaranda theory, plus tools
to support teaching and make learning
more engaging, personalised and visible.
complete package
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Interactive glossary terms

help develop and support
scientific literacy.
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onResources link to targeted
digital resources including video
elLessons and weblinks.
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Tables and images break down
content, allowing students to

v o understand complex concepts.
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Quick Quiz questions for
skill acquisition in every
lesson.

LESSON 5.2
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Three differentiated question sets,
with immediate feedback in every
lesson, enable students to challenge
themselves at their own level.

Instant reports give students visibility
into progress and performance.

LESSON 53
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Every question has immediate,
corrective feedback to help students
overcome misconceptions as they
occur and get unstuck as they study
independently — in class and at home.
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Practical Investigation eLogbook
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The practical investigation eLogbook ignites saanones|  SANSTIGATIONGZ| | SERGAIONSS
curiosity through science investigation work, with an e R T ——
extensive range of exciting and meaningful practical

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

TEACHER LABORATORY NOTES
TEACHER LABORATOR

Risk Assess Included

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

The eWorkbook is the perfect companion to

the series, adding another layer of individualised
e ? learning opportunities for students, and catering
g for multiple entry and exit points in student
kAN learning. The eWorkbook also features fun and
2 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.
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A wealth of teacher resources
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one resource

INTEGRATION®

Customise and assign

Enhanced teacher support resources
for every lesson, including:

work programs and curriculum grids
practical teaching advice

three levels of differentiated

teaching programs

e quarantined topic tests (with solutions)

Select your content

An inbuilt testmaker enables you to create custom
assignments and tests from the complete bank of
thousands of questions for immediate, spaced and
mixed practice.

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

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

=
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The new jacTUTOR

Help when students (and teachers) need it — with jacTUTOR

With jacTUTOR, every student can have the help of a personal tutor when they get stuck, in class or at home.
This purpose-built tool sits safely within your favourite Jacaranda resource, so guidance will always be specific

to that lesson, question and curriculum.
]
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®
Combat

Get guidance,
anxiety

7N
N
A safe
space

A personal tutor

for every student not the answer

jacTUTOR doesn’t
just give the answer
away. Students are
given prompts to help
understand what they
should be asking to get
to a correct answer.

Afraid to raise a hand
or ask more questions?
With jacTUTOR, students
will find a safe space
to ask questions,
get clarification
and try again.

To keep students
safe, any concerning
or inappropriate
comments are
automatically
flagged and sent
to their teacher.

Now every student
can get the help they
need, when they need it.
jacTUTOR uses Al to
create a fair and level
playing field for
all students.

Can you help with subtopic 5.4 Exercise 2 Q1 @

. Sure, please select a help option below.

.
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Understanding command terms in
the Victorian Curriculum

The Victorian Curriculum aims to develop students’ disciplinary knowledge, skills, understanding and general
capabilities across the curriculum. Students are also expected to progressively develop their thinking skills.

In the Victorian Curriculum, command terms are used as signposts for this depth of thinking. Command terms
signify different types of thinking and are already used in the classroom by many teachers and students.

Questions within Jacaranda resources use these command terms to support students in command terms
‘thinking’.

For a full list of the command verbs used throughout the Science Quest series, visit learnON.

xvi UNDERSTANDING COMMAND TERMS IN THE VICTORIAN CURRICULUM
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TIXEERl Overview

1.1.1 Introduction

Science helps us learn about the world. When we do
science, we discover new things. To practise science,
we follow certain steps and use special skills to answer
questions and solve problems.

First, we observe the world around us using our senses and
tools such as microscopes and telescopes. Observing can
also mean measuring things.

Observations make us curious and lead to questions and
ideas (hypotheses). To find answers, scientists create
investigations and experiments.

Investigations can change one thing (the independent
variable) to see what happens to another thing (the
dependent variable). Everything else stays the same to
keep the experiment fair. Scientists repeat experiments to
make sure the results are reliable.

Experiments give us data, which is information that we
can organise in tables or graphs for studying or analysing.
We might use calculations to find averages or ranges. By
looking at the data, we can identify patterns and draw
conclusions.

Sometimes, the results support our ideas, answer our questions and solve problems. At other times, they lead to
new questions and more experiments. This is how we keep learning new things about the world.

In this topic, we will learn more about scientific practices and use these skills.

DISCUSSION

Why should scientists test only one variable at a time? How does this improve the reliability of results?

How has scientific investigation improved products or solved problems in everyday life?

What ethical considerations are important when researching living organisms or culturally significant sites?
What should scientists do if experiment results do not match their hypothesis? Why is this important for
scientific progress?

How do tables, graphs and models help scientists communicate their findings effectively?

In an experiment testing water temperature and plant growth, what variables need to be controlled, and how
should the data be organised?

Eall

oo

SCIENCE INQUIRY: Testing the effects of fertiliser on crop growth

Imagine you are a scientist investigating how fertiliser affects the growth of wheat crops. Farmers want to know
the best fertiliser to use for their fields to maximise yield. To test this, you could design an experiment following
the steps of scientific inquiry.

2 Jacaranda Science Quest 8 Victorian Curriculum Third Edition



Identify the variables

* |Independent variable: The type of fertiliser — organic, chemical and no fertiliser

® Dependent variable: The growth of the wheat, measured by the height of the plants or the weight of
the harvest

¢ Controlled variables: Soil type, water, sunlight and the amount of fertiliser used for each plot

Set up the experiment

Divide a field into three equal sections, one for each type of fertiliser. Plant wheat seeds in each section under the
same conditions. Apply the fertilisers as per their instructions and ensure each plot receives the same amount of
water and sunlight.

Collect and record data

Over time, measure the height of the plants weekly. At harvest, weigh the grain yield from each plot. Record these
observations in a table to track differences between the groups.

Organise and analyse the data

Create a bar graph to compare the average plant height and yield for each type of fertiliser. Look for patterns:
which fertiliser resulted in the tallest plants or the highest yield?

Draw conclusions

Based on your analysis, determine which fertiliser had the most significant positive effect on the crop. If no
fertiliser performed well, consider whether another factor, such as soil type, influenced the results.

Evaluate and communicate findings

Share your results with other scientists and farmers. Repeating the experiment in different locations or with other

crops can validate your findings.

What is the independent variable in this experiment, and why is it important to test one variable at a time?

List three controlled variables in this experiment and explain why they need to remain the same.

What tools and methods could be used to measure plant growth and crop yield accurately?

Why is it useful to create graphs or tables when comparing the effects of different fertilisers?

If the organic fertiliser produced the highest yield, but it was also the most expensive, how might this influence

a farmer’s decision?

How would you address an anomaly, such as one plot showing unusually low growth despite receiving

fertiliser?

What ethical practices should be followed to ensure this experiment does not harm the environment?

8. Why is it important to conduct this experiment in a way that respects cultural practices and protocols,
especially if the land used has cultural significance?

apron=

o

)

Reproducible investigations to answer questions and test hypotheses can be planned and conducted, including
identifying independent, dependent and controlled variables where applicable, stating assumptions, recognising
and managing risks, considering ethical issues and following protocols when accessing cultural sites and artefacts
on Country and Place (VC2S8102)

learn
Pre-test Topic 1 Pre-test
eWorkbooks Topic 1 eWorkbook

Student learning matrix

Practical investigation eLogbook Topic 1 Practical investigation eLogbook

Digital document Key terms glossary

TOPIC 1 Investigating science 3



TIEF] Observing

LEARNING INTENTION

In this lesson you will:
® make observations using your senses
® measure quantities, including length, mass, temperature and volume, using appropriate scientific equipment.

1.2.1 Using the senses

Making observations involves using your senses to collect information.

TABLE 1.1 Understanding the five senses

Sense ‘ Sense organ ‘ Type of information collected

Sight Eye Colour, shape, movement, text, measurements

Hearing Ear Sounds including speech, music, beeps, etc.

Touch Skin Texture, temperature, shape

Taste Tongue Tastes such as sweet, sour and salty. (Note: This sense is rarely

used in science experiments.)

Smell Nose Pleasant and unpleasant odours, as well as odours that can be used
to identify particular substances

FIGURE 1.1 Your five senses help you collect information.

4 Jacaranda Science Quest 8 Victorian Curriculum Third Edition



INVESTIGATION 1.1

Using your senses to make observations
Aim
To use our senses to investigate some chemical changes

Safety

¢ |n this investigation, you will NOT be using the sense of taste to make observations.
® Goggles should be worn to carry out this investigation.
® Do not touch any of the chemicals.

Materials

3 test tubes

dilute (1.5 mol/L) sulfuric acid
matches

small piece of magnesium
thermometer

vinegar

sodium bicarbonate powder
dilute (0.5 mol/L) copper sulfate solution
steel wool

kettle

beaker

Method
Part 1

1
1. Fill a test tube to 5 full with dilute sulfuric acid.

2. Feel the outside of the test tube and measure the temperature of the acid with a thermometer.

3. Add a small piece of magnesium. Collect the gas produced by placing another test tube over the top of the
test tube containing the acid.

4. Another student should light a match.

5. Quickly remove the top test tube and place the match under it, to light the gas that has collected in the
test tube.

6. Feel the outside of the test tube and measure the temperature of the acid with a thermometer again.

Part 2

1
1. Fill a test tube to 5 full with vinegar. Measure the temperature of the vinegar.

2. Add a spatula full of sodium bicarbonate powder.
3. Observe the reaction and measure the temperature of the test tube again.

Part 3

1
1. Fill a test tube to g full with copper sulfate solution.

2. Prepare a water bath by filling a beaker with hot water from a kettle. Caution: Fill the beaker at your bench,

rather than carrying the beaker full of hot water around the laboratory.

Heat the copper sulfate by placing the test tube in the water bath.

4. When the temperature of the copper sulfate has reached at least 50 degrees, remove the test tube from the
water bath and record the exact temperature of the copper sulfate.

5. Add a small wad of steel wool to the copper sulfate.

6. Record your observation and measure the temperature of the solution after the reaction has finished.

3
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Results
Record your results in a table like the one below.

Reaction Initial temperature (°C) | Final temperature (°C) Observations

Magnesium + acid

Vinegar + sodium
bicarbonate
Copper sulfate + steel wool

Discussion

1. Which senses did you use in this experiment to collect results?
2. What is the advantage of using a thermometer rather than just feeling the outside of the test tube to collect
information about temperature?

Conclusion
Complete the conclusion below.
The sense of is most useful to observe colour changes and the appearance and

disappearance of substances in chemical reactions. We can also use the sense of to detect
changes in temperature and the sense of to identify sounds produced in chemical reactions.

1.2.2 Measuring quantities

In investigation 1.1, we saw that a thermometer provides a better indication of temperature than just feeling the
outside of the container. A thermometer provides a quantitative measurement of temperature, whereas feeling
whether the test tube is hot or cold is a qualitative observation of temperature.

KEY IDEA

e Qualitative data examines the quality of something but does not include measurements. Examples of
qualitative observations include: description, colour, shape, seeing that a gas has been produced or the
feeling of warmth from a test tube.

e Quantitative data examines the quantity of something, so it includes measurements. Examples of
quantitative observations include: a temperature reading, length and mass, the volume of gas produced
or the wavelength of light produced.

1.2.3 Precise measurements

The term precision relates to how close multiple measurements in the same investigation are to one another. 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 also 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 2 decimal places
is more precise than one that measures mass to 1 decimal place.
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1.2.4 Accurate measurements

Accurate measurements are not only precise but also correct. 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 it
may be necessary to calibrate the instruments, which means to check or adjust an instrument to ensure accurate
measurements. To calibrate a set of scales, for example, you could place an object that has a mass of exactly

100 g on the scale and adjust the scale until it reads exactly 100 g. A poorly designed method can also affect the
accuracy of the results, that is, how close experimental results are to a known value, particularly if variables
have not been properly controlled.

FIGURE 1.2 Which piece of equipment provides the most precise measurement?

Beaker
Each graduation = 20 mL

——80mL
: Burette
——60mL Each fine graduation = 0.1 mL

-3

——20mL

— 45 mL

—
~
—
B
—_—
ey
-
—

Measuring cylinder:
Each fine graduation = 1 mL
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1.2.5 Observation or inference?

After making observations, you might make an inference. An inference involves providing a possible
explanation for the observations. For instance, you might observe that the side of a car is damaged and infer that
the car was involved in an accident. Inferences do not always turn out to be correct.

KEY IDEA

e We make observations using our senses. Observations do not involve explanations or interpretations.
We just record what we see, hear, feel, taste or smell.
* An inference is an explanation or interpretation of the observations.

1.2  Activities learn
1.2 Quick quiz 1.2 Exercise L
M LEVEL 1 M LEVEL 2 M LEVEL 3
1,2,5,6 3,4,7,8 9,10

Remember and understand

1. I Identify which sense is not usually used to make observations in science.
A. Sight
B. Hearing
C. Touch
D. Taste
2. Student A feels the outside of a test tube and notices that it is warm. Student B records the temperature of
the substance inside the test tube with a thermometer. They record that the temperature is 65 °C.
a. State whether Student A’s observation is quantitative or qualitative.
b. State whether Student B’s observation is quantitative or qualitative.
3. Use an example to distinguish between qualitative and quantitative observations.
4. [ A scientist has an object that has a mass of exactly 100 g. They place the object on the scales in their
lab and it reads 105.1 g.

Identify what this indicates.

A. The scale is not precise.

B. The scale is not reliable.

C. The scale needs to be calibrated.

D. The scale doesn’t work and needs to be thrown out.

Apply and analyse

5. A student places a piece of magnesium in some acid. The student writes the following observations:
® A gas is produced.
® The temperature of the acid increases.

The student collects some of the gas and places a lit match in the gas. A ‘pop’ sound can be heard.

State which senses the student has used to make their observations.
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6. A A student uses a metre ruler to measure how far a toy car has travelled. Name the sense the student is
using to make this observation.
A. Sight
B. Hearing
C. Touch
D. Smell

7. When baking, Mr Zhang uses a measuring cup to measure the amount of oil that needs to go into his
chocolate cake. The measuring cup has graduation lines that are 50 mL apart.

In the laboratory, Mr Zhang uses a measuring cylinder to measure the oil he needs to add to his experiment.
The graduation lines on the measuring cylinder are 1 mL apart.

The measuring cylinder is a more measuring tool than the measuring cup.
8. Read the following statements and state whether each sentence is an observation or an inference.

Statement | Observation | Inference

a. The dog in the house next door is barking.

b. There are no lights on in the house.

c. The owners must be asleep.

d. There could be a prowler in the backyard.

e. | heard the sound of breaking glass.

Evaluate and create

9. Bathroom scales are designed to be used on a hard surface such as tiles or a wooden floor. A student would
like to find out the type of error that will result if bathroom scales are used on carpet. Will the scales
consistently give a reading that is less than the actual value and by the same amount, or will the size and
direction of the error vary? Explain your answer.

Construct an investigation to find the answer to the student’s question.
10. List key points that could be included on a poster to help Year 8 students understand the difference between
accuracy and precision, using a measurement of length as an example. Once complete, design the poster.

Answers and sample responses are available in your digital formats.

ILRE] Measuring and reading scales

LEARNING INTENTION

In this lesson you will read and record measurements accurately.

1.3.1  Why do we need to measure and read scales?

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

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

In science applications, measuring and reading scales are used to observe and record many variables including
volumes of liquids or gas, mass, length and temperature. It is important that scales are used correctly to reduce
random errors and ensure that the data obtained is accurate, in order to reach valid conclusions.
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FIGURE 1.3 The temperatures measured by thermometers a. and b. are 32 °C and 24.2 °C, respectively.

a | 0 b |
é 24
é4o
= )

30
22

1.3.2 How do we measure and read scales?

Materials

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

Method

Step 1

Ensure the thermometer has a marked scale. Find the top of the measuring column and
position your eye so that it is level with the top of the column. This will avoid any parallax
errors in reading the temperature. Read the number on the largest scale division below the
top of the column.

Step 2

Identify the largest scale division above the top of the column. Count the divisions
between the upper and lower scale marks. Divide the number of divisions into the
temperature difference between the upper and lower scale divisions. This will give you

the amount each scale division is worth. Count up from the lower scale division and read
the correct temperature. If the column is in the middle of two divisions, the reading will be
half a scale division above the lower reading.

Step 3

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

Step 4

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

10 Jacaranda Science Quest 8 Victorian Curriculum Third Edition

50

?“ T 1] AT

|£‘
\



1.3 Activities learn

1.3 Quick quiz 1.3 Exercise L

W LEVEL1 B LEVEL 2 W LEVEL 3
1,2,3,4 - -

1. The diagram shows a portion of a thermometer measuring a temperature in degrees Celsius.
a. ldentify the value of the lower scale marker. —
b. Identify the value of the higher scale marker. 180
c. Calculate the value of each scale division. =4
d. Identify the reading of the red column of the thermometer.

2. Human body temperature is normally around 37 °C. If a person’s temperature is different from that, they may
be suffering an illness. The thermometer below shows the temperature of a patient.

s 4
e
Rt

) * 33
\\\.‘\3}-}2\.\:\\" \

Identify the temperature that is shown.

3. The diagram represents a section of an alcohol thermometer. Copy the figure and draw a central line to show a
temperature of 14 °C.

N
o

-
o
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4. The image shows a measuring cylinder containing some water.

Read the scale to determine the volume of water in the measuring cylinder.
a. [l Identify the correct reading.
A. 19.5mL B. 20.5 mL
C.21.0mL D.22.0 mL
b. Explain how you reached your answer.

Answers and sample responses are available in your digital formats.

Questioning and predicting

LEARNING INTENTION

In this lesson you will:
¢ identify questions and problems that can be investigated scientifically
® make predictions based on scientific knowledge and observations.

1.4.1  Coming up with a problem

In science, investigations allow us to explore questions, test ideas and better understand the world around us.
Each year, students are expected to design, carry out and report on practical investigations. These projects
develop critical thinking, problem-solving and communication skills, which are essential for scientific inquiry.

Choosing a problem to investigate can be one of the most challenging and exciting parts of the process. Ideally,
your investigation should focus on a question or problem that interests you. The question should be written in a
way that allows for a clear hypothesis to be tested through a scientific experiment. Essentially, a hypothesis is a
testable explanation for observations or experimental results. It can act as a prediction for an investigation.

A good scientific investigation question:
e relates to a scientific concept or principle
e challenges you to learn something new
e is achievable with the resources and time available at school.

To ensure success, think carefully about the materials, equipment and time required to carry out your
investigation. It is important to choose a question that is manageable within these constraints. For example,
experiments involving simple materials such as water, plants or household items are often more practical than
those requiring advanced equipment or chemicals.
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Here are a few examples of questions suitable for a Year 8 science investigation:
¢ How does the amount of sunlight affect the growth of a plant?
e What type of material is most effective at insulating heat?
e How does the concentration of salt in water affect its freezing point?

e What is the effect of temperature on the rate at which sugar dissolves in water?

The process of scientific investigation involves the following tasks.

Identifying the problem: clearly defining the question you want to investigate
Formulating a hypothesis: making a prediction based on your understanding of the topic
Designing the experiment: planning how to test your hypothesis, including identifying variables and

ensuring the experiment is fair

Carrying out the experiment: collecting data using accurate and precise measurements
Organising and analysing data: using graphs, tables and models to identify patterns or trends
Drawing conclusions: reflecting on the data to determine whether it supports your hypothesis

Communicating findings: sharing your results in a clear and logical format

Investigations are an essential part of learning science, helping students develop their skills while exploring
topics of personal interest. By following these steps, you can conduct meaningful experiments and contribute
to your understanding of the scientific method.

Possible topics

® Does the thickness of a rubber band affect how far
it stretches? Do other features of rubber bands affect

how far they stretch?

What type of paper aeroplane flies furthest?
What type of parachute slows a toy’s fall best?
Which plants make good acid-base indicators?
What type of balloon rocket travels fastest?
What is the best recipe for soap bubble mixture?
Do tall people jump higher and further than
shorter people?

Does the amount of exercise you do affect your
heart rate? In what way?

What type of fabric keeps you warmest in winter?
How do fertilisers affect the growth of plants?
Does talking to plants improve their growth?
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?

Which type of glue is best?

Which food wrap keeps food fresher?

Which fabrics burn faster?

Which concrete mixture is strongest?

How can the growth of mould on fruit be slowed down?

Does talking to plants improve their growth?
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1.4.2 The aim of the game

Each of the experiments you do to solve your problem should have an aim. The aim of the experiment
is a statement outlining the purpose of the experiment. It is often more specific than the problem you are
investigating and it should start with the word ‘to’. Below are some examples of aims for experiments.

e To identify the flower pigment that makes the best acid—base indicator

¢ To determine whether the size of the sheet of paper used to make a paper aeroplane affects how far the

plane will fly
¢ To compare the speed of balloon rockets gliding along different types of string
e To determine whether paper towel, cling wrap or aluminium foil is the best insulator of heat

1.4.3 Hypothesis or prediction?

A hypothesis is a sensible guess about how things work.
It should be related to what you want to find out and can be
tested with an experiment.

FIGURE 1.4 A hypothesis, such as ‘people who
exercise regularly have a lower heart rate’, can
be tested.

The results of the experiment may support the hypothesis.
Scientists can’t prove a hypothesis is 100% correct, but
they can find evidence that supports it. They do many
experiments to test a hypothesis, and sometimes different
scientists test the same hypothesis in different ways. Even
if all the experiments agree with the hypothesis, scientists
still say it is supported by evidence, not proven.

A prediction is a specific guess about what will happen in
the future or in an experiment. For example, if the sky is
grey, you might predict it will rain soon. If you mix acid
and magnesium, you might predict a gas will form. If you
test your friends’ heart rates, you might predict that James,
the cross-country champion, will have the lowest heart rate.

A hypothesis is a general idea, like ‘People who exercise regularly have lower resting heart rates than those who
don’t’. A prediction is more specific, like ‘James will have a lower heart rate because he exercises a lot’.

KEY IDEA

e A problem is written as a question.

* An aim is more specific than a problem. It starts with the word ‘to’, then a verb.

* A hypothesis is a sensible guess about the outcome of an experiment. It should be able to be tested with
an experiment.

e A prediction is a specific statement about what we think will happen in the future.

1.4.4 Use your observations

Your hypothesis and predictions should be based on observations you have made. They might also be based on
your own reading. For example, if you are trying to design the best parachute for a toy, you should read about
parachutes before writing your hypothesis. You might find out that light, closely woven fabric that does not
increase in weight too much when wet makes better parachutes than heavy fabric that soaks up a lot of water.
When walking home in the rain, you might observe that your cotton T-shirt soaks up a lot of water and becomes
heavy, whereas your nylon jacket does not soak up water. As a result, your hypothesis might be: ‘Closely woven
nylon is the most effective fabric to use for a parachute’.
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Fine-tuning your hypothesis

A statement that cannot be tested with a scientific experiment is not a suitable hypothesis. The statement ‘People
born in January are more conscientious than others’ is not a good hypothesis unless you can find a reliable way
to measure conscientiousness. The statement ‘People born in January work more hours than others’ is a better
hypothesis because the number of hours worked is something that can be measured.

‘Aeroplanes made from cardboard fly better than those made from paper’ is not a suitable hypothesis because
“fly better’ has not been defined so cannot be tested scientifically. ‘Fly better’ could mean fly further, fly in

a straighter line or stay in the air longer. A better hypothesis would be ‘Aeroplanes made from cardboard fly
further than those made from paper.’

1.4  Activities learn
1.4 Quick quiz J 1.4 Exercise L
M LEVEL 1 M LEVEL 2 M LEVEL 3
1,2,3,6 4,5,7,8 9,10

Remember and understand

1. I Identify the correct definition of the term ‘prediction’.
A. A question you test with an experiment
B. A specific guess about what will happen in the future or in an experiment
C. An observation you make during the experiment that may support the aim
D. Research you undertake before commencing an experiment
2. Identify the missing words and complete the sentences.
a. An aim always starts with the word .
b. A is usually worded as a question to answer.
c. The results of an experiment can a hypothesis but they never that the
hypothesis is correct.
d. A is an educated guess about how things work.
e. The of an experiment is the purpose of the experiment.
f. A hypothesis can be by carrying out a scientific experiment.
g. We can use a hypothesis to make .
h. A good hypothesis is based on and often also on research.
3. ldentify the missing words and complete the passage.

A is an educated guess about the outcome of an experiment. It should relate to
your and be able to be tested with . The results of your investigation will either
support or not support your Ltis to prove conclusively that a is correct.

Apply and analyse
4. A A student has written the following hypothesis:
If the temperature is increased, then substances dissolve faster.

Identify which of the following statements is a prediction based on this hypothesis.
A. Sugar dissolves faster at 60 °C than at 20 °C.

B. Sugar dissolves more slowly at 60 °C than at 20 °C.

C. More sugar will dissolve in hot water than in cold water.

D. Sugar is more soluble than salt at 60 °C.
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5. State whether each of the following statements is an aim, a hypothesis, an observation or a prediction.
a. Mould grows fastest in warm and humid environments.
b. No mould will grow on bread if it is stored in the fridge.
c. To find out the temperature at which mould grows fastest.
d. After 5 days, 50 per cent of the slice of bread stored at 35 °C was covered in mould.
e. After 3 minutes, the temperature of the coffee in the ceramic cup had dropped from 80 °C to 63 °C.
f. Ceramic is a better insulator than plastic.
g. To find out whether ceramic is a better insulator than plastic.
h. Coffee will cool down faster in the plastic cup than in the ceramic cup.
6. Identify whether each of the following statements is a suitable hypothesis. If not, justify your answer.
. 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.
f. Playing video games affects the development of social skills.
g. Science teachers are more interesting people than English teachers.
h. Science teachers perform better in 1Q tests than English teachers.
7. Consider the following table.

O Q0T O

Problem Observation Hypothesis

The television remote If | press the ‘on’ button on the If the batteries are flat, then the

control doesn’t work. remote control, the television doesn’t | remote control will not work.
come on.

My hair is sometimes My hair is driest soon after washing it | If | wash my hair with Mum’s

dry and frizzy. with Mum’s shampoo. shampoo, my hair becomes dry.

No parrots come to our There is bread in the bird feeder, and | If | feed birds bread, then parrots

bird feeder. magpies and miner birds feed there. will not eat it.

Describe how you could test each of the three hypotheses.

8. A student has noticed that the flowers at the front of his house are open in the afternoon, but closed at night.
He has also noticed that the flowers are closed when it is raining. He suspects that light intensity might
determine whether the flowers are open or closed.

a. Write a hypothesis based on the student’s observations.
b. Write a prediction based on the student’s observations.

9. A student would like to investigate whether students who exercise regularly sleep better than students who

do very little exercise.

Write a hypothesis for the investigation. Make sure you consider what is meant by regular exercise and
sleeping well.

Evaluate and create
10. Outline an investigation you could do to test each of the three hypotheses from the table in question 7.

Answers and sample responses are available in your digital formats.
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Controlled, dependent and independent
variables

LEARNING INTENTION

In this lesson you will identify controlled, dependent and independent variables.

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

In order to answer a question scientifically, a controlled investigation needs to be performed and this will involve
variables. 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 variables held constant are called controlled
variables. The variable that you are investigating is called the independent variable, and you choose to change

it to observe its effect on the variable you are measuring. The variable that you are measuring is called the
dependent variable. It is expected to change when the independent variable is changed.

What is the application of variables in science?

In many branches of science research, questions are asked, such as ‘what is the best way of doing this?’; ‘how
can this be done faster or more efficiently?’ or ‘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.

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

Aim

Which iceblock shape is most successful at reducing the temperature of the water?

Materials

e 2 thermometers or temperature probes

e 2 identical glasses or beakers

¢ iceblock trays that make cube-shaped iceblocks

¢ iceblock trays that make spherical-shaped iceblocks
e 1 L of water

e 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.
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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 that only one variable can change and 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.

Determine the volume of water needed to fill the spherical iceblock tray by filling it using the measuring
cylinder and recording the volume.

Using the measuring cylinder, fill the cube-shaped iceblock tray with the same volume of water as used to fill the
spherical iceblock 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.

1.5 Activities learn
1.5 Quick quiz 1.5 Exercise L
M LEVEL 1 M LEVEL 2 M LEVEL 3
1,2,3 - -

1. For the investigation in section 1.5.2, looking at which iceblock shape is most successful at reducing the
temperature of water:

a. identify the independent variable
b. identify the dependent variable
c. identify three controlled variables.

2. The investigation in section 1.5.2 can be used to determine which iceblock cools a drink to the lowest

temperature.
a. Describe how this could be done.
b. Name 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. Identify the independent variable.

b. Identify the dependent variable.

c. Name the two controlled variables.

d. Explain why one vase was set up with only water in it.

Answers and sample responses are available in your digital formats.
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Writing an aim and forming a hypothesis

LEARNING INTENTION

In this lesson you will learn how to write aims and hypotheses.

1.6.1  Why do we need to write an aim and form a hypothesis?

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 is a vital skill for any ‘|"l| (1 |
scientist. “..M\l";; “t’

A Y

What is the application of an aim and ¥

Ll
a hypothesis 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 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.

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

1.6.2 How do we write an aim and form a hypothesis?

The following is an idea for an investigation, based on an area of interest. The purpose of the investigation is to
find out whether the bushfood warrigal greens grows best from seeds or cuttings.
Materials

e warrigal greens seeds
e warrigal greens cuttings
e potting mix
® pots
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?
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Step 3

Use this to develop your aim. An aim is usually written in one of two formats:
a. to investigate the effect of a change in the independent variable on the dependent variable
b. to investigate how the dependent variable is affected by a change in the independent variable.

For this investigation, some example aims might be:
¢ to compare the difference between the use of seeds and cuttings on the growth of warrigal greens
e to observe whether the growth of warrigal greens is affected by the use of seeds or cuttings during planting
¢ 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.

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.

1.6 Activities learn
1.6 Quick quiz 1.6 Exercise L
M LEVEL 1 M LEVEL 2 M LEVEL 3
1,2,3 - -

1. Identify whether the following statements are true or false.
a. The aim of an investigation starts with an idea or problem.
b. The aim is written as an if-then statement.
c. The hypothesis is written as a question.
d. The hypothesis must be able to be tested by experiment results or data.

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

a. Write an aim for the student’s investigation.
b. From your aim, write a hypothesis for an investigation.
c. Describe how your hypothesis could be tested.
3. a. ldentify whether each of the options below is written as an aim, a hypothesis or neither.
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.

Answers and sample responses are available in your digital formats.
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IR Planning investigations

LEARNING INTENTION

In this lesson you will plan an experiment or investigation.

1.7.1  Experiments

Experiments must be carefully planned to ensure that the results are valid, reliable, precise and accurate.
Designing a scientific investigation usually begins by considering the variables involved in the experiment. You
should also think about the observations and measurements that you will need to make. Most importantly, your
experiment must be safe and minimise risk to yourself and others.

Variables

Variables are the quantities or conditions that can be changed in an experiment. There are different types of
variables in experiments as shown below.

TABLE 1.2 Idea or problem: Do black cars heat up in the sun faster than white cars?

Type of variable ‘ Definition ‘ Example
Independent The variable that is deliberately changed in Colour of car
the experiment
Dependent The variable that is measured in the Temperature
experiment
Controlled Variable that must be kept constant to ensure e |ocation of car (both cars in full sun)
that the experiment is fair ® Qutside temperature
® Type of car
* Window tinting
® |ocation of thermometer in car

FIGURE 1.5 Which car will heat up faster on a hot day?

1.7.2 Valid experiments

A valid experiment tests what it is designed to test. For example, if you want to measure a student’s intelligence,
getting the student to complete an IQ test would be a more valid test of their intelligence than measuring how
high they can jump.

An important feature of a valid experiment is to change only the independent variable. The independent variable
is the condition that is being tested. In the example above, the independent variable is the colour of the car. The
other variables should be controlled (kept the same) as far as possible.

TOPIC 1 Investigating science 21



In many instances, a control is needed for

an experiment to be valid. A control group is
identical to the test group(s) except that the
independent variable is not applied. This allows
scientists to compare the results with those of

the test group, to see if the changes made by
changing the independent variable actually

have an effect. For example, if you want to test
whether a fertiliser makes a plant grow faster, you
would need to grow two plants under identical
conditions and apply the fertiliser to only one of
the plants. By comparing how quickly both plants
grew, you could decide whether the fertiliser has

FIGURE 1.6 Does fertiliser make plants
grow faster?
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SCIENCE AS A HUMAN ENDEAVOUR: Developing mRNA vaccines

The development of mMRNA vaccines, such as those used for COVID-19, showcases the importance of valid
scientific experimentation. To test whether these vaccines were effective, researchers designed carefully
controlled experiments during clinical trials.

In these trials, the independent variable was whether participants received the vaccine or a placebo (a control
substance with no active ingredients). Other variables, such as age, health conditions and exposure to the virus,
were carefully controlled to ensure that the observed outcomes were directly linked to the vaccine.

The inclusion of a control group was critical to the validity of these experiments. By comparing infection rates and
immune responses between vaccinated and unvaccinated participants, scientists could determine whether the
vaccine was effective. The results showed a significant reduction in severe disease and hospitalisation among
vaccinated individuals, leading to the widespread adoption of this technology.

This example highlights how valid experiments, with well-defined independent variables and appropriate controls,
play a pivotal role in advancing science and addressing global challenges. The success of mMRNA vaccines also
demonstrates how the principles of experimental design are applied in real-world scientific endeavours.

1. In the mRNA vaccine trials, what was the independent variable, and why was it important to include a
control group?

How did scientists ensure that the trials tested what they were designed to test?

Why is it important to control variables like age and health conditions in vaccine trials?

What could happen if variables were not controlled properly during the trials?

How did the results of the vaccine trials provide evidence to support changes in public health policies?
Why is it important for scientific models and theories to adapt when new evidence, such as the results of
clinical trials, becomes available?

o0, LN

Scientific knowledge, including models and theories, can change because of new evidence (VC2S8H01)
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1.7.3 Keep it safe

The most important thing to consider when planning an investigation is safety. Your teacher may ask you to
write a risk assessment before you start your investigation. This involves listing any potential hazards relating
to your investigation and explaining how you will minimise these risks. For example, if you were doing an
experiment to test whether the temperature of an acid affects how quickly it reacts with magnesium, your risk
assessment might look like that in table 1.3.

FIGURE 1.7 Safety goggles are needed for some investigations to protect the eyes

TABLE 1.3 Minimising risk

CRisk 0w the risk willbe minimised

Acid splashing into eyes * Wear safety goggles, which form a seal against the
face and are better protection than safety glasses
when handling acid.

® Heat acid using a water bath rather than directly
over a Bunsen burner flame.

® Use dilute acid rather than concentrated acid.

Cutting fingers when tearing small pieces of ® Use scissors to cut magnesium.
magnesium

Hazardous substances

Hazardous substances are chemicals that can cause harm. Some have immediate effects, such as concentrated
sulfuric acid, which burns the skin and causes blisters. Others may seem harmless at first, but long-term
exposure can affect health.

Before using any chemical, it is important to understand the risks.

The symbols in figure 1.8 are part of the Globally Harmonised System (GHS) for labelling chemicals. These
pictograms are internationally recognised and show the type of danger a chemical may pose. All hazardous
substances must have clear labels with the right symbols.
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FIGURE 1.8 The GHS pictograms

Exploding bomb Flame Flame over circle
Explosive Flammable Oxidising
Gas cylinder Skull & crossbones Exclamation mark
Gases under pressure Acute toxicity Health hazards
Corrosion Health hazard Environment
Corrosive Chronic health hazards Environmental

1.7.4 Keep it ethical

Ethics in science involves making decisions that are fair, responsible and respectful of people, animals and the
environment. Scientists follow ethical guidelines to ensure investigations are conducted safely and fairly.

Some ethical values are universal, meaning most people worldwide agree on them. For example, protecting
human rights and treating animals with care are widely accepted principles. However, other ethical values differ
between individuals, cultures or societies. This can create challenges in science, as what is acceptable to some
may be concerning to others.

When planning a science investigation, researchers must consider:
e Safety — ensuring experiments do not harm people, animals or the environment
e Fairness — conducting investigations honestly and without bias
® Respect — acknowledging different perspectives, especially when working with living organisms or
historical sites
e Consent — making sure people involved in a study understand and agree to participate.

For example, scientists studying animal behaviour must ensure their research does not interfere with the
animals’ natural habitat or cause them distress. Similarly, medical experiments must follow ethical guidelines
to protect the health and rights of participants.

Science helps solve real-world problems, but ethical decision-making ensures discoveries are responsible
and respectful.
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1.7.5 Surveys

Some experiments involve gathering data using a survey.
Features of good surveys include:
* alarge sample size. Many people should complete
the survey.
e choosing your subjects carefully. If you carried out
a survey to determine whether school students have
a better awareness of the health effects of smoking
than their parents, you would need to ensure that you
surveyed both school students and parents. The survey
would not be fair if you only surveyed males for the
two age groups. p
e keeping the questions short and easy to understand
e using an online survey to make collation of the
results easier.

FIGURE 1.9 Electronic online surveys can be used
to collect huge amounts of data.

1.7  Activities learn
1.7 Quick quiz 1.7 Exercise L
W LEVEL 1 M LEVEL 2 W LEVEL 3
1,2,3,4 56,7,8 9,10, 11

Remember and understand

1. Identify the correct option for each of the following.
a. The controlled / dependent variables must be kept constant in an experiment.
b. A valid / reliable experiment measures what it is supposed to test.
c. The dependent / independent variable is deliberately changed in an experiment.
d. A list of the hazards in an experiment and how these will be minimised is called a trial / risk assessment.
e. Something that can be changed in an experiment is known as a control / variable.
f. The dependent / independent variable is measured in an experiment.

2. An experiment is done to find out whether cups made out of ceramic are better at keeping coffee warm than
those made of Styrofoam. Identify whether each of the following is an independent, a dependent or a
controlled variable.

a. Volume of coffee in cup

b. Length of time over which temperature is measured
c. Shape of cup

d. Material from which cup is made

e. Temperature of coffee

3. A class conducts an experiment to find out what type of ball bounces the highest after being dropped to the
ground from a height.

Identify the independent, dependent and controlled variables in the experiment.
a. Newness of the ball

b. Method used to drop the ball

c. Type of ball used

d. Type of surface ball is dropped onto

e. Technique used to measure height of bounce

f. Height of the bounce

g. Height from which ball is dropped
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4. Identify some variables that might affect:
a. how quickly a pot plant grows
b. the cost of an overseas airfare
c. the time it takes you to travel to school in the morning.

Apply and analyse

5. Amy and Saxon are trying to find out whether stoneware or
glass cups are better for keeping water hot. The figure shows
their experiment in progress.

a. State at least two weaknesses in their experiment design.
b. List all the variables that could affect the results of Amy
and Saxon’s experiment.
c. List any variables that Amy and Saxon do not need
to control.

6. Advertisements for washing powders and liquids often claim B
that they are more effective than others. Imagine that you are
conducting an experiment to test a range of washing powders
and liquids.

a. Outline a method for your experiment.
b. List the variables you will need to control.
c. I Identify the variable you will change.
A. Mass of washing powdetr/liquid
B. Duration of wash time
C. Temperature of water
D. Type of washing powder/liquid used
d. Explain how you will compare the results of your tests.

7. Charlotte wanted to compare the amount of air in two brands of ice-cream. She placed a large spoon of each
ice-cream in two different cups and let the ice-cream melt. She then measured how much liquid was in each
cup. There was less liquid in cup B so she concluded that ice-cream B must contain more air.

Describe one way in which Charlotte could improve the validity of her experiment.

8. Luca wanted to find out whether the mass of a rock affects how far the rock can be thrown. He weighed
some rocks, threw each rock as far as possible and measured the distance by pacing between the point
where she threw the rock and the point where it landed.

a. State at least two risks associated with this experiment and how each risk could be minimised.
b. Describe how the experiment could be made more valid.

=

Evaluate and create

9. Construct experiments to test the following hypotheses.

a. Eggs become less dense as they age.
b. Detergent A produces more foam than detergent B.
c. Cola drink P contains more sugar than cola drink C.
d. Talking to plants makes them grow faster.
e. Chocolate S melts at a higher temperature than chocolate Q.

10. Design a survey to test the hypothesis that people born after 1995 are more likely to wear sunscreen and
have better awareness of the health effects of overexposure to sunlight than those born before 1995.

11. a. The bounce height of a tennis ball is investigated in different conditions.

Suggest how the bounce height of a tennis ball is affected (increases, decreases, varies) in the following
conditions:
i. When the ball is damp
ii. When the ball is hot
ili. As the ball gets old and worn
iv. On different tennis court surfaces
b. Design an investigation to answer one or more of these questions.

Answers and sample responses are available in your digital formats.
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Conducting investigations

LEARNING INTENTION

In this lesson you will learn how to conduct an investigation.

1.8.1  Working in groups

An investigative project is any type of scientific
investigation where you have the opportunity to
explore your interests and deepen your scientific
understanding of a focus area. They may be
completed individually or collaboratively. 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.

FIGURE 1.10 When working in a group, each team
member brings along their expertise and skills.

Group work can have some problems. People might

get upset if the work is not shared fairly. Sometimes,
group members have different ideas about how to do the project and argue. To avoid these issues, it’s helpful to

give each person a specific job at the beginning. Think about what each person is good at and assign roles based
on that.

1.8.2 The right tool for the job

In lesson 1.2 we saw that scientific investigations involve making observations.
We also saw that quantitative observations include measurements.

FIGURE 1.11 Reading the
volume of a liquid needs

When collecting quantitative data, it is important to select the right tool for to be done carefully to
the job, and to use instruments correctly to ensure accurate and precise avoid giving a false result.
measurements. In lesson 1.2 we saw that our choice of equipment can affect

the precision of our measurements. A tape measure measures distance more
precisely than a trundle wheel, and a measuring cylinder measures volume more
precisely than a beaker. If we use the equipment incorrectly, even the

most precise measuring tool will not produce an accurate measurement.

A measuring cylinder is designed to have the volume read from the bottom of
the meniscus — the curved edge of the liquid. If the volume is read where the
meniscus meets the sides of the measuring cylinder, the measurement

is inaccurate.

Selecting the correct equipment can also affect the validity of an investigation.
For instance, if you wanted to measure the length of your desk, a thermometer
would not be the correct tool for the job. This is an obvious example, but
sometimes there are measuring tools designed to measure similar things and one v 57mL  X58mL
tool is best suited for a particular type of measurement. If you needed to measure the

diameter of a carbon rod, you could use a ruler, but calipers, which are specifically

designed for this type of measurement, would be a better choice in this instance.
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FIGURE 1.12 Calipers are the appropriate tool to measure the diameter of a
carbon rod.
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SCIENCE AS A HUMAN ENDEAVOUR: Observing Black Holes Using the Event
Horizon Telescope

In 2019, scientists released the first-ever image of a black hole. This historic achievement was made possible
through the collaboration of over 200 researchers from multiple disciplines as part of the Event Horizon Telescope
(EHT) project. The image showed the supermassive black hole at the centre of the galaxy M87, approximately

55 million light-years away.

This groundbreaking observation relied on the use of advanced tools and techniques to collect and process
quantitative data. The EHT network combined radio telescopes across the globe, creating a virtual telescope
the size of Earth. This level of precision was essential for capturing the faint signals from the black hole’s event
horizon, where light cannot escape due to the intense gravitational pull.

The success of this project highlights how multidisciplinary collaboration and the correct selection and use
of scientific instruments can lead to profound discoveries. Physicists, computer scientists, engineers and
astronomers worked together, each contributing their unique perspectives and expertise. The results have
advanced our understanding of black holes, validated predictions of Einstein’s theory of general relativity and
inspired new research into the nature of the universe.

1. Why did scientists need to combine radio telescopes from around the world to observe the black hole in M87?

2. What was significant about capturing the first image of a black hole? How did this contribute to our
understanding of physics?

3. What roles did different types of scientists (e.g. astronomers, computer scientists, engineers) play in the
success of the EHT project?

4. Why is it important for researchers from different disciplines to collaborate on complex scientific problems?

How might the techniques used in the EHT project be applied to other areas of science or technology?

6. What challenges do you think the researchers faced when processing and interpreting the data collected by
the EHT? How might they have overcome these challenges?

o

Multidisciplinary endeavours to advance scientific knowledge make use of people’s different perspectives and
worldviews (VC2S8H02)
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1.8.3 Using the correct units

When recording measurements, it is important to include units. Measurements are meaningless without units. If
your teacher told you that the mass of an object was 5, is it S<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>