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JUPITER

This cover image shows Jupiter, the largest
planet in our solar system. This gas giant spins
very quickly, with a day lasting about 10 hours.
Jupiter has no solid surface and 95 moons.

The Great Red Spot you can see in this photo
has been observed by scientists for more than
300 years. It is a giant storm that has been
raging for centuries in Jupiter’s cloudy and
very windy atmosphere.
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ABORIGINAL AND
TORRES STRAIT
ISLANDER PEOPLES
GLOSSARY

Country/Place

Spaces mapped out thatindividuals or groups of Aboriginal
and Torres Strait Islander Peoples of Australia occupy
and regard as their own and that have varying degrees of
spirituality. These spaces include lands, waters and sky.

Cultural narrative

A broad term that encompasses any cultural expression that
includes (but is not limited to) knowledge and community
values that are central to the identity of a particular group of
Aboriginal and Torres Strait Islander Peoples.

Cultural narratives can hold information about almost
anything, suchastheorigins of life, or canteach people about
acceptable behaviour and rules, such as caring for Country.
They can take the form of songs, stories, visual arts or
performances. ‘Cultural narrative’ is a more accurate and
respectful term than ‘myth’, ‘story’ or ‘fable’, terms that
often diminish their importance.

Nation

A self-governed community of people based on a common
language, culture and territory.

Peoples and Nations

We use the plural for these terms because Aboriginal and
Torres Strait Islander Peoples do not belong to one nation/
culture. There are many distinct Peoples and Nations.
Also, some Nations consist of distinct clans or groups, so
are referred to as Peoples.
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How to use this book

the

Earth, there

Science in depth: The opening page begins
the chapter by placing the science topic into
areal-life context that is both interesting
and relevant to our lives.

o Inother places,
and the ice meltsin summer. I recent years, scientists have noticed
thatless ice has been forming and for shorter periods of time.

There are many animals that need the ice to exst so they can hunt
their food, breed and survive in these extreme conditions. With less
ice available forless time, some of these animals are suffering and
may face extinction,

» Why does the water recze and ice melt every year?

» Why might animals need the ice to survive?

Think, do, communicate: In the Science in Depth Study
you are encouraged to reflect on and apply your learning

to a set of activities, which allows you to make

connections with the content and skills you have just learned.

@ owewroscience:

At the end of this chapter, you
can complete Science n Depth
Study #8. You can use the
information you earn n his
chapter to complete the roject.

meaningful

Learning modules: Content is
chunked into key concepts for
effective teaching and learning.

B check your thinking

Learning objectives: Clear,
concise learning objectives
give you oversight of what
you are learning and set
you up for success.

Key words: Key words
are defined the first
time they appear.

e Classification

parents,
+ keecream - Cheese + Tomatoes
« Bread - Viraps + Cleaning products.
+ Washing powder + Dogfood + catfood
- Apples + Yoghurt + Bananas

« Fozenpizza

Winyis each of

Wiy do they do ths?

Understanding classification

Stoge answ

xii Science in Focus | Stage 4 NSW

* relaed o the

that they

* fresh or processed

* cereal, dairy fruit and vegetable or meat

AFIGURE 12 One way o clasifyingfood s as

D e

1 Define classifiation.
2

never eaten t? Choose alloptions that appy

d It smell and tasteslike vanila

3 Describe how cutery(knives,forks and spoons) is
organised n your Kichen drawer. Expain why i 5
artanged ihis way.

4 Use the photo to classify buttons. State the.
char the buttons that you would use to

than two groups.
es of classifying car drivers info
i P plates) and open

5 Discuss the advant
learners (L pates),
(ul) cence.

Chaptrs | classiy

Learning check: These are engaging activities to check
your understanding. Activities are presented in order of
increasing complexity to help you confidently achieve the
module’s learning objectives. Bolded cognitive verbs help

you clearly identify what is required of you.
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Aboriginal and Torres Strait Islander Science
Contexts: This content was developed in
consultation with a First Nations Australian
curriculum specialist. It showcases the key

Science in Context:

The NSW Science syllabus is explicitly
addressed with interesting, contemporary
content and activities.

SCIENCE
IN CONTEXT

@ Dealing with acid mine water

the Rio Tinto. There isltte life n the
river and its colour comes from minerals

connections between Science and Aboriginal
and Torres Strait Islander Peoples’ Cultural
Knowledges, with authentic, engaging and
culturally appropriate science content.

ABORIGINAL &
TORRES STRAIT
) ISLANDER
Spear-throwing technology SCIENCE

CONTEXTS

Examining spear-throwers

developed and produced a range of tools designed
toincrease both the speed and accuracy of hunting
il h

Acid mine drainage §
e —— < — Aborgs and Tores it ande epls

dissolved in the acidic river water, How did
the river come to be lik this, and how can
we prevent similar fates for our walerways?

of Australia, many Aboriginal and Torres Stait
Ilander Peoples developed, used or refined
spear-th Peaples of the

Copper i an example of  valuable
resource that we extract from the carth
The most commonly mined copper
‘minerals are chalcopyrite (CuFes;) and
chalcocite (CusS). These arecaled sulfides
because the metals are combined wih the
clement sulfur. The Rio Tinto River drains

A FIGURE 18121 The Rio Tinto River in Spain

an area where a huge amount of sulfide ore

was located,

Acid e s

contact axygen in the air. The minerals weather, producing compounds of sulfur and.
oxides. When m

acids. the mine.

The acid

cadmium and lead. These metals can end up in plants and animals and, over time, may

a The cost of treating
" highe

1 & acTivITY

im0p o bottom: Central DesertRegion,

b cause iiness and death
; —

manuficture and use spear-throwers at last 5000 years

of other First Nations Peoples of the world.
Spear-thrower technology highlights Aboriginal and Torres Stzait
] thrower

p
. helps hunters throw further by acting as an extension of the thrower's

arm. A longer ‘arm’ (or longer lever) means that more force can be put
behind the spear and it can go faster and further.

pe: wood,
Jga. However, the shape, width and le the
ltural 513.1)and

was used. Each spear-thrower needs to be carefully constructed for its

individual user to masimise s effect when used.

notches coated in resin are cut into either side to form a hand grip.
(Figure 5.13.2a). The other end has a ‘peg’ (Figure 5.13.2b),often made
from a different material, that fits into a socket or notch at the base of
the spear.

<riGuRESI2 (@) Speart ase he distanc

5)The peg at th base o

1

8  when it s resting in the spear-thrower (before being thrown).
3 The Rio ¥e b in motion through the air after being thrown.
mine waters? i e
5
4 )
!
Activities: Activities are
Science skills in focus: Each chapter focuses on specific working open-ended and often practical,
scientifically skills. These are explained and modelled with our allowing you to understand the
‘Science skills in a minute’ video, before you put it into practice Aboriginal and Torres Strait
in a science investigation. The science skill is reinforced with our Islander Peoples’ cultural and
‘Science skills in practice’ digital activities. historical connections to science.
WORKING q @ Practise using
SclENTIFICALLY @ laboratory equipment -
r—— MEASUREMENTS WHEN
LEARNING AND 1M1 s: ICE IS ADDED TO WATER =
» practising using laboratory equipment. — : :::t—-
ST e e e |
T e q
B P
- ] 150mL) «FIGURE 391 The coloured ice cube
‘equipment section. Do you have everything? & 2x250mL beakers is added to the water.
® (T e T DR © 200 mL measuing cylinder
Lol L ice cube made from water with food dye RuRESULTS
" R & e RS ———————— PR ————
* Letyourteacher know i youscicenaly Kot lepgiai xpaimart
O = =
e B oL e caectin e P e (PrOCEDURE Volume of water (mL)
P R Proceoure
1 Use a measuring cylinder to measure 150 mL of e e =L
e e e o o e
3 Use the thermometer (or temperature probe) to
e v e
4 Place the second beaker on the electronic balance 1 Why do you think the ice cube melted? b the ice cube had a bigger mass?
and press zero (or tare) so that the reading is. 3
the water change by? 4 What steps did you take o that your measurements

5 Add one ce cube to the beaker to measure ts 3
mass. Record the mass i the results table o e = el e i
6 Prepare the stopwatch (ortimer) so that t s ready
tostarttiming (conciusion

A safety

Investigations:

7 Add the ice cube 1o the water and start the.
stopwatch (ortimer) (Figure 3.9.1).

Stop the stopwatch (or timer) as soon as the ice:
has melted. Record this time in the results table.

Broken glass can cut skin. Take care when
using olassware. Report any breakages
immediately and follow your teachers
instructions to clean it up. Put broken glass in
the glass bin
Wear safety glasses, gloves and lab coats at
alltimes.

What did you learn in this activity?

Use the thermometer (or temperature probe) to

measure the temperature of the water when the ice:

cube has melted. Record thi final temperature in

the resuls table.

10 Pour the water down the sink and rinse your
equipment before packing it away.

Chapter3 | Natureand practceof ssence 125 126 ScenceinFocus Stage NSW
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Introducing the working

scientifically processes

BY THE END OF v list the working scientifically processes
THIS MODULE, YOU . : : L
WILL BE ABLE TO: v explain the importance of working scientifically.

GET THINKING

Figure 1.1.2 (on the next page) illustrates the steps scientists follow when they plan and conduct
science investigations. Use the first letter of each word to create a saying to remember the steps.
The saying does not need to be serious or factual — just something that you will remember.
These sayings are called mnemonics and are a strategy to help remember a list of words.

The scientific processes

Scientists are constantly discovering new information about our world and the universe.
The information they discover can only be trusted if they carry out research using a
reliable and fair process.

Imagine if you investigated which colour car was the fastest, using the cars in Figure 1.1.1.
Based on the results, you concluded that red cars are the fastest cars. However, there were
many differences (factors) that affected how quickly the cars in your investigation could

go. These factors include the age, shape, mass and size of the car, its motor, and the road
surface. Therefore, the investigation was not a fair test, and its results cannot be trusted.

mnemonic

a memory aid that uses
the pattern of letters

in words

fair test

an investigation that
is conducted correctly
to answer a scientific
question

A FIGURE 111 A range of cars used in an investigation to find out which colour of car is the fastest

9780170484114 Chapter 1 | Working scientifically
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scientific processes
steps involved in working
scientifically

hypothesis

a testable explanation
for something based on
existing knowledge; a
testable statement of the
predicted relationship
between the independent
and dependent variables

conclusion
a judgement reached
by reasoning

4 Science in Focus | Stage 4 NSW

Scientists work scientifically by following scientific processes (Figure 1.1.2) to plan and
conduct their investigations. You will sometimes see this called the ‘scientific method’.
The scientific processes are a series of steps used to plan and conduct experiments in a
consistent and repeatable way. The working scientifically processes are:

1 Observing - using your senses to gather information about the world

2 Questioning and predicting — developing a testable scientific question and predicting
reasons for your observations (a hypothesis)

3 Planning investigations — creating a series of procedures to test your question

4 Conducting investigations - following procedures to collect data and information in a
systematic way

5 Processing data — organising your data into tables, graphs or diagrams

6 Analysing data - assessing your data by comparing it to the original observations and
predictions and drawing conclusions to evaluate the investigation

7 Problem-solving - using strategies to find solutions to problems

8 Communicating — presenting your findings to different audiences.

Observing

Iy

»

Questioning
and predicting

¢

Communicating

?

Problem- Working

solving

Planning
investigations

¢

scientifically
processes

.

Analysing Conducting
data investigations

L/

Processing
data

A FIGURE14.2  The working scientifically processes scientists use to plan and conduct investigations

The working scientifically processes are shown as a cycle in Figure 1.1.2 because
scientists reflect, revise and repeat these steps. In this chapter, you will learn more about
each of the scientific processes.

9780170484114



Using scientific processes as,

[

(T
An example of using scientific processes is choosing the better type of coffee cup to keep
coffee hot (Figure 1.1.3). The processes used are summarised in Figure 1.1.4. Voo activity

scientific processes?

Interactive resource
Label: Scientific
processes

)

tanuha2001/Shutterstock.com

——

Sergey Peterman/Shutterstock.com

A FIGURE14.3  Which type of coffee cup will keep coffee hotter?

There are different types of coffee cups.

Observing Question: Which type of cup will
' ‘ Questionin keep coffee hotter?
The investigation was written o 9 Prediction (hypothesis): If a
Communicating and

as a scientific report. cup is made of porcelain, then

PIre ] it will keep coffee hotter than
' a glass cup will.

Cause and effect was ) Working . Compare the temperature
observed and supported Problem ientificall __Planning of coffee in cups of different
: solving scientifically investigations ;

the hypothesis. types of material after
processes ; .
15 minutes, keeping other
’ ’ factors the same.

i i . M ing th h
andrepeatable. Themetnod  (RSMAERIS Conducting | 1o Coirec's ot higher temperatire
and repeatable. The metho data investigations lai han in th
is valid. ' in the porcelain cup than in the

Processing glass cup.
data

The prediction was supported because the measurements
show the porcelain cup kept the coffee hotter.

A FIGURE11.4  The processes in working scientifically to test which coffee cup will keep coffee hotter

Q LEARNING CHECK

1 List the working scientifically processes.
2 Explain why the working scientifically processes are represented as a cycle.
3 Outline the steps that you would take to test which fly repellent is the most effective.

4 The scientific processes are used by scientists around the world. Explain why it is
important for all scientists to use the same processes.

9780170484114 Chapter 1 | Working scientifically 5



BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

9
o‘:

Quiz

Observations and
inferences

observation

data collected through the
senses (sight, smell, taste,
touch or hearing) or with
measuring tools

qualitative data
non-numerical information
that relates to a quality,
type, choice or opinion

quantitative data
numerical information
that is counted or
measured and expressed
as numbers

6 Science in Focus | Stage 4 NSW

define observation and inference

list the senses that are used to collect observations

v
v
v give examples of observations and inferences in different scenarios
v classify statements as either observations or inferences

v

use observations to make inferences.

GET THINKING

How well can you describe your pencil case?

Imagine that you lost your pencil case and needed to describe it to your teacher so that
it can be identified from all the pencil cases in lost property. Write a description that is
thorough enough for there to be no doubt which pencil case is yours.

Observations

An observation is any information gained directly from our senses or measuring
instruments. You will learn about measuring instruments in Module 1.8.

In primary school you learned about the senses - sight, smell, taste, touch and hearing.
We use our senses in science to collect information about whatever we are studying. For
example, a scientist who is studying chemistry would make observations such as the
colour of a substance, whether bubbles are produced, the odour of a liquid and whether
the container gets hotter or colder.

Qualitative observations

When we use our senses to collect data, we are making qualitative observations. The
information that we collect is called qualitative data and is usually in the form of a
description. The following are all examples of qualitative data.

® A dark blue colour
® A sweet smell

® Feels hot to touch

® A colourless liquid
® A smooth surface

® Able to be squashed
® Aloud bang

Quantitative observations

Quantitative observations are numbers and we call them quantitative data. This may

be a counting number, such as five petals, or a measurement, such as 14cm long. Other
examples of quantitative data are the temperature of a pond, the time it takes for rubbish
to decompose, the volume of oxygen produced by plants and the force needed to bend a
piece of metal.

Table 1.2.1 summarises the features of qualitative and quantitative observations.

9780170484114
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A FIGURE 1.21  Scientists use their senses to make observations: (a) seeing the shape of grass
seeds; (b) conducting a blind smell test; (¢) touching tomatoes; (d) listening to the heartbeat of
an unborn baby.

v TABLE 1.21 The differences between qualitative and quantitative observations

Qualitative observations Quantitative observations
Description Think: qualitative = quality Think: quantitative = quantity
Observations are based on senses: smell, Observations are based on numbers,
colour, taste, physical appearance, hardness, = which come from counting
texture. and measurements.
Example: + The students are friendly. * There are 26 students in the class.
AYear7class . The students have different coloured eyes.  + 16 students have brown eyes and 10

have blue eyes.
* The students are aged 12, 13 or 14.

+ The students are noisy.

+ The students wear blue uniforms.

The power of observations & ACTIVITY

Art is a powerful and creative way to express
complex ideas and emotions. This is why
observing art leads us to think and wonder.
Carefully observe the painting in Figure 1.2.2,
then answer the questions below.

1 How many animals can you observe?

Hare Krishna/Shutterstock.com

2 How many people can you see?

3 What themes, ideas or emotions do you see in
the painting?

4 Compare your observations with those of A FIGURE 1.2.2
other people in the class.

5 Write a short description of the painting. The
description will be used in a promotional flyer for an art gallery.

9780170484114 Chapter 1 | Working scientifically 7




inference
a reasonable conclusion
based on observations

8 Science in Focus | Stage 4 NSW

Inferences

When you hear a siren, you might guess that there is a fire nearby. You have used an
observation (hearing the siren) to make a conclusion about what has happened (a fire).
A conclusion based on observations is called an inference. If we use more observations
to make an inference, it is more likely that the inference will be correct. For example,
although hearing a siren might mean a fire engine is going to a fire, it is also possible
that it is a police vehicle going to a car accident or an ambulance rushing someone to
hospital. However, if it was a hot day and you could smell smoke, then it is more likely
that an inference relating to a fire is correct. This is why it is important that scientists
collect as much data as possible before making an inference.

@ LEARNING CHECK

1 List five observations about a freshly baked chocolate cake.

2 List four observations and one inference from the photo below.

1

o
©
2
(3]
<]
2
7]
2
9]
k=
=
=
D
<
~
~
o

»
v = A s
PREL T Y

3 On 9 December 2023, the temperature reached 43.5°C at Sydney airport. Is this a
quantitative or qualitative observation? Use the relevant definition to support your answer.

4 During a police investigation of a burglary, a detective noted that a window frame was
damaged. Write an inference that could be made from this observation.

5 Explain how observations and inferences are connected.
6 Discuss why it is important that doctors make accurate observations when examining a patient.

9780170484114
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BY THE END OF v define variable, independent variable, dependent variable and controlled variables

THIS MODULE, YOU . . .
WILL BE ABLE TO: v classify variables as independent, dependent or controlled.

GET THINKING :‘O
| § 4

Working in pairs, brainstorm some of the factors that could affect how well you do in the
topic test. These ideas are all variables! et ol e

Variables

What are variables?

A variable is something that can change. There may be many variables that can affect a variable
particular outcome. For example, Figure 1.3.1 lists some variables related to the chance ?n;fuc‘:sgéﬁzcrzgﬁt of an
of successfully throwing a basketball through a hoop. investigation
Distance
from hoop
Angle to the )
basket Wind

Experience Height of
of athlete athlete
Energy levels Hgfshkte(t)f
Angle of
Weather sunlight

. Interference
Noise from other
players

A FIGURE 1.31  Variables that affect the success of throwing a basketball through a hoop

In an investigation or experiment, it is important to plan a fair test where only one variable is
changed, and the others are kept the same, or controlled. This means that the investigation
will test what you think you are testing, and nothing else should influence the results. You
will learn more about fair testing in Module 1.6.

9780170484114 Chapter 1 | Working scientifically




independent variable
the factor that you
choose to vary in your
investigation

dependent variable
the factor that may
be affected by the
independent variable;
the factor that can be
measured or counted

controlled variable

a factor that needs

to be kept the same
throughout a scientific
investigation so that

it does not influence
the result

Classification of variables

Variables can be classified as independent, dependent or controlled (Figure 1.3.2).

® The independent variable is what you choose to change in your experiment.

® The dependent variable is what you choose to observe or measure. It may be altered
by a change to the independent variable.

® Controlled variables are variables that you need to keep the same throughout
the experiment.

Factors that can change

Controlled

Independent

What is changed on purpose What is observed or measured What is kept the same

A FIGURE1.3.2 Classification of variables

In the basketball example, you would choose one variable to change. For example, if
you were designing a test for ‘How far away from the hoop should I be when shooting
if I want at least an 80% success rate?’, the independent variable is the distance from the
hoop (Figure 1.3.3). The dependent variable is whether the basketball goes through the
hoop or not, and all the other variables would be controlled. Table 1.3.1 shows some
other examples of the types of variables.

A

7 — —N e L — — N N
FIGURE1.3.3 The distance from the hoop is the independent variable, and so it is changed while all other
variables are kept the same.

10 Science in Focus | Stage 4 NSW 9780170484114
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v TABLE1.31 Examples of different variables in investigations
Examples
Type of Definition Does temperature affect Will a heavy ball fall Does water need to be
variable how quickly wheat grows?  faster than a light ball? hot to clean oily pans?
Independent  The variable that is Temperature Mass of the ball Temperature of the water
changed on purpose
Dependent The variable that Rate of growth of wheat, i.e. Time for the ball to fall How well the pan
is measured change in height over time was cleaned
Controlled The variables + Amount (volume) of water + Size of the ball + Volume of water

that must be
kept constant

@ LEARNING CHECK

1 Define:

a independent variable.

b dependent variable.

¢ controlled variable.

+ Frequency of watering
+ Amount (mass) of soil
+ Size of the pot

+ Type of soil

+ Amount (mass or volume)
of fertiliser

+ Type of fertiliser

+ Amount of sunlight

* Number of wheat plants
+ Depth of planting

+ Smoothness of surface of
the ball

+ Height that the ball was
dropped from

+ Accuracy of timer

+ Person timing

+ Volume of oil on the pan

+ Type of oil on the pan

+ Type of detergent used

+ Volume of detergent used
+ Time spent cleaning

+ Method of
cleaning/scrubbing

+ Size and shape of the pan

9780170484114

A toy manufacturer was testing the strength of plastic by measuring the force required to
break it. State:

a the independent variable.
b the dependent variable.
¢ three controlled variables.

Choose a scientific question that you could test at school. List the independent variable,
dependent variable and four controlled variables for the investigation.

Explain why a fair test only changes one variable.

Create a silly saying to remember the classification of variables. For example, ‘At the zoo
| changed direction to find the Dingo but Couldn't’. This phrase links | (for independent)
with changing, D (for dependent) with finding and C (for controlled) with couldn't.

Chapter 1 | Working scientifically
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Questioning and predicting

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

Questions,
hypotheses and
predictions

Extra science
investigation
Popcorn hypothesis

testable question

a question that can be
answered using scientific
processes; it must be
relevant and include the
selected variables

define testable question, hypothesis and prediction

develop a testable question from an observation

write testable hypotheses

identify the independent and dependent variables from a hypothesis.

GET THINKING

Study the bees feeding on the
flower shown in Figure 1.4.1.

1 What do you observe?

2 Write a question related to
your observation that could
be tested.

3 Write a possible answer to
your question.
4 What results do you think

you would get if you tested
your question?

MERCURY studio/Shutterstock.com

A FIGURE 1.41 Bees feeding on a flower

The first two stages that scientists use at the beginning of an investigation are:
1 Ask a testable question about an observation.

2 Formulate a prediction and a hypothesis.

Making an observation and asking a question

We are constantly making observations about the world around us. Sometimes, an
observation leads us to ask questions. For example, you may have seen chefs add salt to
a saucepan of water that is being heated on a stove. Based on this, you might make the
following observation and ask a question.

Observation: Salt is added to water being heated.

Question: Will water boil more quickly if salt is added to it?

Testable questions

The testable question drives the investigation. We refer to the question when we plan
and conduct the research. But how do we make sure our question is testable?

To be testable, a question must:

® be relevant to the investigation and based on observations

® include the variables we observed

® be possible to answer by collecting data from experiments or using secondary sources
(reports of research carried out by other people).

12 Science in Focus | Stage 4 NSW 9780170484114



The hypothesis

From the question, you can develop a predicted explanation for the observation. This
explanation is called a hypothesis. In most investigations, the hypothesis will be the
prediction of how the independent variable will affect the dependent variable. The
hypothesis should be based on prior knowledge or research so that it is an educated
prediction and not a random guess.

A hypothesis must:

® be a statement

® be testable

® be specific for the investigation

e link the independent and dependent variables

® be based on an educated prediction, not a random guess.

In the example of adding salt to water, the independent variable is salt being added
to the water and the dependent variable is how long it takes for the water to boil. All
other variables, such as the size of the container, the amount (volume) of water, how
the containers are heated and how you determine if the water is boiling, need to be
controlled. From this, the hypothesis is what you predict adding salt to the water will
do to the time it takes to boil; for example, ‘If salt is added to water, then it will take
less time to boil.

A FIGURE1.4.2 Adding salt to water in a saucepan being
heated on a stove

9780170484114 Chapter 1 | Working scientifically 13



trend
the general pattern or
direction of data

» FIGURE 1.4.3
(a) A simple
method for writing
a hypothesis.
(b) An alternative
method for writing
a hypothesis.

prediction
the expected results

Writing a hypothesis

Often a hypothesis is in the form of an ‘If . . . then . . " statement, as shown in the
example below and in Figure 1.4.3. A more advanced hypothesis may state how changing

one factor will affect the results of another in the form of a trend. For example:

Question: How does the mass (amount) of salt added to water affect the time taken

to boil?

Independent variable: The mass of salt added to the water

Dependent variable: The time taken for the water to boil

Hypothesis: As the mass of salt added to the water increases, the time taken for the

water to boil decreases.

If is
Write the independent Increased/
variable here. decreased
b
As the
Write the independent Increases/
variable here. decreases
Predictions

,then

,the

I

Write the dependent
variable here.

I

Write the dependent
variable here.

will

I

Increase/
decrease

I

Increases/
decreases

A prediction is the expected result for a test. Therefore, it is what you think will happen

if your hypothesis is supported.

For example, the prediction for the salt-in-water experiment could be that water
containing salt boils more quickly than water without salt. Or for a more advanced
investigation, the prediction could be that the water with the most salt will boil

the quickest.

14 Science in Focus | Stage 4 NSW
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For each of the images in Figure 1.4.4 write: % ACTIVITY Q

a an observation.
b atestable question.
¢ a hypothesis.
d a prediction.
= & &
3 S S
S S S
S o S
@ 2 e
g e 3
g 5 5 .
- S -
N 4+ 2=
> [2)
ds =
3 b
B =
=2 2

% i

A FIGURE 1.4.4

@ LEARNING CHECK

1 Define:
a hypothesis.
b prediction.
2 List the features of a hypothesis.
3 Classify each of the following as an observation, a question, a hypothesis or a prediction.
If the temperature increases, then the number of flies decreases.
Ants are covering a piece of bread with honey on it.
The hot water will dissolve the most sugar.
Will the size of a discus affect how far it is thrown?
As the frequency of watering increases, the rate of growth of wheat increases.
How does the amount of fertiliser affect the growth of my grandmother’s roses?
4 State the independent and dependent variables for each of the following hypotheses.

a As the number of days over 40°C increases, the number of flies caught in the
fly trap decreases.

b If the thickness of sticky tape increases, then the force taken to remove it increases.
c If the lid is left off a reusable coffee cup, then the coffee will get colder faster.

5 Create a flow chart, with annotations, to show the relationship between observation,
question, hypothesis and prediction.

6 Write a hypothesis about heart rate and the intensity of exercise.

7 Analyse the following hypothesis by identifying ways in which it fulfils the criteria for a
hypothesis and ways in which it does not fulfil the criteria: Dogs are smarter than cats.

= 0o QO 060 T o
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Planning investigations: identifying

purpose and variables

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

)
&
O‘.

Video activity
Identifying variables

purpose of an
investigation

the reason for conducting
an investigation

aim

a statement that

states the purpose of

the investigation

v describe the purpose of an investigation
v identify the variables in an investigation.

GET THINKING

You are helping your grandad make a new vegie patch. You check how much sunlight the
patch gets and decide which plants to buy. Your grandad suggests you add a fertiliser to the
soil. How will you choose the best fertiliser?

The purpose of an investigation

The purpose of an investigation is the reason you research a specific question. It is
important to identify the purpose at the beginning of your planning. The purpose,
together with the testable question, shapes the investigation. You write the purpose of
the investigation as the aim.

The main purpose of most investigations is to collect enough scientific evidence to test

the hypothesis. For example, if you are investigating which type of paint is better to

repaint the furniture in your bedroom, you would need to:

® collect information about the
available types of paints

® test the paints on a small spot to see
which one works and looks better

® assess each paint based on a set of
criteria, such as how good the colour
looks, if it matches your bedroom,
and smoothness.

A FIGURE 1.51 The purpose of this investigation
is to choose the best paint for bedroom furniture.

In this example, the purpose of the
investigation is to select the best paint.
The purpose has informed the other working scientifically processes you used. This
allows you to select the best paint for your bedroom furniture.

|dentifying variables in an investigation
In Module 1.3, you learned about the three categories of variables:

® dependent variable: the factor you're measuring

¢ independent variable: the factor you’re changing

e controlled variables: the factors you keep the same.

Let’s use an example to learn how to identify variables in an investigation.

Sample investigation — sugar dissolving in tea

Imagine you're preparing a cup of tea. In your kitchen, there are three types of sugar:
raw, caster and brown sugar (Figure 1.5.2). You're not sure which sugar would dissolve
the most to sweeten your tea. So, you decide to do an investigation.

16 Science in Focus | Stage 4 NSW 9780170484114
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A FIGURE1.5.2 Three types of sugar: raw, caster and brown

Before you plan your procedure, you need to determine the:
1 purpose of your investigation: to test which sugar dissolves the most in a cup of tea

2 wvariables in your investigation.

The variables for this investigation are shown in Figure 1.5.3.

*

How much of each
sugar dissolves in the
hot tea

Independent Controlled

Volume of hot water,
type of tea, mass of
sugar added, stirring
time, water temperature

Different types of
sugar: raw, caster
and brown

A FIGURE 1.5.3  Variables identified in the investigation

@ LEARNING CHECK

1 Describe the purpose of an investigation.

2 Suzie observed different types of bees visiting the red roses in her garden, so she
decided to do an investigation. Write the purpose of a possible investigation Suzie
could undertake.

3 Marco and Angela were testing different fertilisers to grow lettuce. Create a table to
identify the dependent, independent and controlled variables in their experiment.

9780170484114 Chapter 1 | Working scientifically 17



@ Planning investigations: methods

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

19 )
o‘:

Video activity
Fair testing

valid investigation
an experiment that tests
the hypothesis

control test

a test in an investigation
in which nothing is
changed; often just called
the control

reliability
how similar the results of
the same experiment are

How well the investigation
tests the hypothesis

Reliability

How similar the
data collected in

each repetition are

A FIGURE 1.61

18 Science in Focus | Stage 4 NSW

define fair test, valid investigation, procedure and method
describe how to test a hypothesis to gain valid results
describe how to write a repeatable method

A L NN

describe different methods used by scientists.

GET THINKING

A cooking recipe is a procedure that you follow. Discuss the following questions with a
partner. As you work through this module, reflect on your answers and consider how they
also apply to a scientific investigation.

1 What is the benefit of having a recipe while cooking?
2 Describe the outcome if everyone follows the same recipe.
3 What things do you need in a recipe to ensure your cooking is successful?

Planning a fair test

Any scientific investigation must be a fair test so that it is clear what has led to the results
(Figure 1.6.1). To know which variable has caused the changes in the results, it is important to
carefully plan a test that changes only the independent variable, and controls the others. This
means that you are conducting a valid investigation because it will provide data that tests the
hypothesis.

In some investigations, it is important to include a test in which nothing is changed. This is
called the control test (often just called the control) and is used as a baseline to compare other
data against. The control does not include the independent variable that you are changing. In
the salt and water example in Module 1.4, the control would be water without any salt.

You should also collect multiple sets of data so
that you can be confident that the result was

not due to luck or accident. Wherever possible,
conduct multiple trials, and calculate an average
of the data. Conducting multiple trials within

Validity

one experiment increases the reliability of the
experiment. Other ways to increase reliability
are to complete the same experiment multiple
times and for other people to conduct the

Fair same experiment.

L Accuracy
How close the
measurements are
to the correct value

The factors that influence a fair test

9780170484114



The procedure

When planning an investigation, you write the steps that you expect to take in the
procedure. You need to consider the following points:

What is the purpose of your investigation?
What are the independent, dependent and controlled variables in your investigation?

What measuring equipment will you need? For example, you would not use a
measuring cylinder to measure temperature.

What equipment will give you accurate measurements? For example, to measure the
volume of a liquid accurately, you would use a measuring cylinder, not a beaker.
How will you test an adequate number of variations of the independent variable?
For example, you could test the time for water to boil if 5g, 10g and 15g of salt

was added.

How will you conduct sufficient trials for each test so that you can be sure that your data

is reliable? For example, you could repeat each test three times and then average the data.

A good procedure:

uses numbered steps

has specific details with units of measurement, such as ‘measure 10 mL of water
using a measuring cylinder’

has simple commands written in the present tense, such as ‘stir for 5 minutes’
outlines how the independent variable changes

includes the number of repetitions needed

explains how data should be recorded and analysed

is ethical.

The method

The method is a set of steps describing what you did to carry out your investigation.
During an investigation, scientists often need to alter the procedure to ensure the
investigation is a fair test and relevant to the testable question. Therefore, the method is a
more accurate account of how the data was collected than the original procedure.

A good method will:

9780170484114

be clear and concise
be written in the third person and past tense

often be supported with a clear, labelled diagram or photo of the experimental set-up.

procedure

a set of instructions to
follow; written in the
present tense

ethical
morally right, fair

method

the steps that were
taken during a scientific
investigation; written in
past tense
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A FIGURE 1.6.2

Table 1.6.1 shows the procedure and method for part of an investigation testing whether
adding salt to water changes the time it takes for the water to boil.

v TABLE1.64 Part of the procedure and method for the investigation of whether salt affects the
time it takes water to boil

study in the environment.

w ACTIVITY

20

One way scientists collect data is in a field

Procedure

Measure 100 mL of water and pour it into
a beaker.

Light the Bunsen burner and open the air
hole to change the flame to a blue flame.

Use tongs to place the beaker on a gauze
mat on a tripod stand over a Bunsen burner.

Start the stopwatch as soon as the beaker
is over the Bunsen burner.

Stop the stopwatch when the water
is boiling.

Repeat steps 1-5 four times.

Method

100 mL of water was measured with a measuring
cylinder and poured into a 250 mL beaker.

The Bunsen burner was lit and then the air hole was
opened to change the flame to a blue flame.

The beaker was lifted using tongs and placed on a
gauze mat on a tripod stand over a Bunsen burner.

The stopwatch was started as soon as the beaker
was over the Bunsen burner.

The stopwatch was stopped when the water
was boiling.

Steps 1-5 were repeated four times.

Techniques used to collect data

Scientists collect data using different techniques.
For example:

® A survey could collect data about people’s opinions.

® Tijeld studies could collect data about
the environment.

e Sampling could collect data about wildlife.

® Laboratory tests could collect data about chemicals.
® Observations could collect data about behaviour.

® Clinical trials could collect data about new drugs.

The technique a scientist chooses will depend on the
type of data they want to collect and the question they

want to answer. You will learn more about types of
data in Module 1.9.

How accurate is your method?

Aim

To work in groups of three to test the accuracy of each other’s method

Materials and equipment

paper
coloured pens or pencils
ruler

20 mL measuring cylinder
100 mL beaker

food dye

Science in Focus | Stage 4 NSW
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Procedure

1

8

stirring rod
items in a pencil case
device to record a video (if possible)

Allocate the following roles in the group.

*  Person A completes a task initially.

* Person B writes the method.

* Person C completes the task a second time.

Person C moves to an area where they cannot see what persons A and B are doing.

Person A completes one of the following tasks. If possible, record them doing this on
a video.

a Draw a simple shape with different coloured pens on a piece of paper.

b Pour exactly 20 mL of water and 3 drops of food dye into a 100 mL beaker and then
stir the solution.

¢ Arrange the items from a pencil case into a certain design.
Person B writes a method for what person A did without talking to person A.
Put the finished product from step 3 out of sight.

Person C returns to the group and, using only the method, does the same task
as person A.

Compare the finished products from persons A and C. How accurate was
person B’'s method?

Swap roles and repeat the process so that everyone takes each role.

Analysis

1

2

What characteristics did the method need to have for person C to closely recreate
person A's product?

What challenges were there in writing an accurate method?

@ LEARNING CHECK

A O b WODN =

List four features of a procedure for a fair test.

Explain why a fair test changes only one variable.

Explain why it is important that a test is conducted more than once.
Write a procedure for brushing your teeth.

Explain why it is important for a procedure to be detailed.

Use the following brief procedure to write a method for testing the bounciness of
different balls.

1 Drop the ball from 1 m high.

2 Count how many times the ball bounces before it stops.
3 Repeat this for other balls.

4 Test all balls three times.

Explain the differences between a method and a procedure.
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G Planning investigations: safety

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

-l
o‘:

Video activity
Science safety

hazard
something that has the
potential to harm

22 Science in Focus | Stage 4 NSW

state common safety rules for a science laboratory

classify actions as either safe or unsafe for a science laboratory
explain the purpose of each safety rule in a science laboratory
justify why certain actions are unsafe in a science laboratory

L N N N

list common safety equipment for a science laboratory.

GET THINKING

Safety is always the highest priority in our homes, schools, sporting groups, roads, shops
and playgrounds, as well as in science laboratories. Choose one aspect of your everyday life
and reflect on the rules that are in place to help keep you safe.

1 List five rules that help keep you safe.

2 Are there any signs that remind us of the safety rules? If there are, draw one and describe
how it helps keep people safe.

3 Suggest what would happen if there were no safety rules.

Hazards in the laboratory

In a science laboratory, there are objects and activities that could be dangerous. These
are called hazards. For this reason, there are specific safety rules and equipment in a
science laboratory.

Safety rules

Each science laboratory will have its own set of rules. However, there are some rules that
are common to all science laboratories.

- = : 'A \
A FIGURE1.71  Wear safety glasses, lab coat and gloves when doing experiments in a science laboratory.
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1 Follow your teacher’s instructions and classroom rules.
This is so that you do things safely and in a
scientific way.

2 Do not enter the laboratory without your teacher.
Your teacher can give you instructions to ensure
that you are not exposed to unnecessary risks in the
science laboratory.

SUKJAI PHOTO/Shutterstock.com

3 Wear safety glasses, lab coat (or apron), gloves and
enclosed shoes.

This protects your eyes and skin from chemicals that

could cause damage. A FIGURE17.2  Ensure that equipment doesn’t fall or

4 Tie long hair back and secure loose clothing. get knocked over.

This stops your hair and clothing catching fire or
falling into chemicals.

5 Do not eat or drink in the laboratory.

Food and liquids can be contaminated in the
laboratory and therefore should never be eaten there.

6 Do not run in the laboratory.

iStock.com/SteveStone

When you run, you are more likely to trip and fall, or
knock someone or something.

7 Do not smell or taste anything in a laboratory.

The chemicals in a laboratory can be dangerous to
smell or ingest.

8 Ensure equipment cannot fall off the bench.

It is easy for science equipment to fall or be knocked off
the bench. This can cause the contents of the container
to spill and lead to broken glass, which can cut people.

A FIGURE1.7.3 Never leave a lit Bunsen
burner unattended.

9 Report spills and breaks.
Your teacher needs to know about any spills or breaks.
They will check the spill or breakage and direct you
so that it is cleaned up appropriately. Any broken
glass should be put into a special glass bin.

10 Never leave a lit Bunsen burner unattended.

iStock.com/Image Source

A lit Bunsen burner can cause fires, or a gas leak if
the flame goes out.

11 Be careful with hot equipment and chemicals.
Hot equipment and chemicals can cause burns. To
protect against burns, use tongs to hold hot equipment
and make sure hot chemicals don’t splash onto people.

12 Always put lids back on bottles.

A FIGURE17.4  Always replace the lids on bottles
of chemicals.

Bottles without lids can easily lead to chemical spills.
Keep lids on to reduce this risk.
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Safety equipment

Science laboratories contain a lot of equipment to keep you safe, including personal
protective equipment (PPE) that you will wear. Figures 1.7.5 and 1.7.6 summarise some
of the equipment that you will use.

Shower to rinse, dilute and remove Eye wash to rinse First aid kit to treat
chemical spills on people chemicals from eyes small cuts and burns

Availability of water to dilute Fire extinguisher to put out any fires Fire blanket to smother fires
and rinse chemicals

FIRE BLANKET
=

§

Switch to turn off the gas in the Switch to turn off the Bin for any broken glass
case of a gas leak or fire electricity in the room

GAS

BURNER

i 1

EMERGENCY

SWITCH

Spill kit to neutralise, absorb and Fume hood to remove dangerous Tongs to handle hot equipment
contain any chemical spills gases during experiments /
3 ¢ )

A FIGURE175 Some of the safety equipment used in a science laboratory
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Long hair tied back
to keep it away from
flames and chemicals

Safety glasses to
protect eyes

wavebreakmedia/Shutterstock.com

Gloves to
protect hands

Lab coat (or apron) to
protect clothes and skin

A FIGURE 1.7.6  Personal protective equipment (PPE) is worn to keep you safe in the laboratory.

G LEARNING CHECK

1 List five pieces of equipment that would be used if a beaker containing chemicals was
spilled in the science laboratory.

N

Describe what might happen if someone ate their lunch in the science laboratory.

w

Explain why it is important to tie long hair back when working in a science laboratory.

£y

Organise yourself into groups of three or four students. Use a sheet of paper for the
group. Without discussing it, pass the paper around the group so that each person can
write down a safety rule. How many rules can your group remember?

5 Why are the rules in the science laboratory different from those in your
maths classroom?

6 Create an advertisement to promote one safety rule for the science laboratory. You may
do this as a poster, video or a podcast.

7 Use three A4 sheets of paper to make 30 cards by cutting each in half lengthwise and
then each half into fifths. For each piece of safety equipment in the science laboratory,
write the name on one card and draw a diagram of it on another. Turn the cards face
down on the table and use them to play a game of Memory.
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@ Conducting investigations: equipment

BY THE END OF

THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Interactive resource

Match: Science
equipment

Worksheet
Drawing science
equipment

equipment
tools used to perform
atask

apparatus
equipment designed

or set up together for a

particular use

A FIGURE 1.81
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v identify common laboratory science equipment, including Bunsen burner, beaker, conical
flask, test tube, tongs, test-tube rack, retort stand, tripod stand, gauze mat, stirring
rod and spatula

v state the function of each item of common science laboratory equipment
v describe how to use common science laboratory equipment.

GET THINKING

What equipment do you already know about? Use the interactive resources on Nelson
MindTap to play games to match the names to pictures of different pieces of equipment
that are used in the science laboratory. How many did you already know? Did you remember
more as you played the games?

Specialised science equipment

Scientists use a lot of specialised equipment. In most cases, the equipment is designed
to perform a particular task and so it is called the apparatus. Science requires accurate,
consistent measurements that other scientists can repeat. Therefore, it is important to
know the name of the equipment that you have used for your measurements and how
to use it safely and accurately. In Module 1.7, you learned about equipment that keeps
you safe, and in Chapter 3, you will learn about equipment used to measure data. In this
module, you will learn about other equipment used in science.

Equipment used to hold liquids

Different types of containers, including test tubes, beakers and conical flasks, are used
to hold liquids depending on their volume and the type of experiment. Test tubes are

useful for small volumes, whereas beakers and conical flasks are used for larger volumes.

Although beakers and conical flasks have volume measurements on their sides, these
are not accurate. Therefore, beakers and conical flasks should not be used as accurate
measuring instruments.

£ S
g - 3
g [ %
3 B 00 ¥ 3
é 50 — 150 <§
- —

100 — 100

150 — 50

Test tubes, beakers and conical flasks are used for holding liquids.
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Equipment used for heating

In some science classes, you will heat substances. You can
use either an electric hot plate (Figure 1.8.2) or a Bunsen
burner (Figure 1.8.3).

A Bunsen burner sits on a heatproof mat to protect the
bench. A tripod stand with gauze mat supports flat-bottomed
flasks such as beakers above the flame.

Equipment to help you
see small objects

Many things in science are too small to be seen with the
naked eye. Magnifying glasses (Figure 1.8.4) or microscopes
(Figure 1.8.5) magnify objects so that you can see them in
detail. The equipment that you choose will depend on how
much you need to magnify the object. A microscope will
magnify the object much more than a magnifying glass.

Eaay T

Thx4Stock/Shutterstock.com

Magnifying glasses can let you see small objects,
such as parts of a plant, more clearly than with the naked eye.

Inside Creative House/Shutterstock.com

A FIGURE 1.8.5 Light microscopes reveal details of small objects.

9780170484114

A FIGURE1.8.2 An electric hot plate is used to

heat substances.

Bunsen
burner

S |
Heatproof
mat

A FIGURE 1.8.3

A Bunsen burner with a heatproof
mat, tripod stand and gauze mat. This is called the
heating apparatus.

magnify
to make something
appear larger
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Equipment used for holding

There are different-shaped tongs to safely hold items such as test tubes or beakers,
especially when they are hot.

Tweezers, or forceps, are used to pick up small things without touching them.

Test-tube racks hold test tubes (Figure 1.8.6). They are particularly useful because test
tubes have rounded bottoms and so do not stand up on their own. Most test-tube racks
can hold multiple test tubes, allowing several tests to be done at the same time.

A retort stand, with a boss head and clamp (Figure 1.8.7), holds equipment such as test tubes.
It can be used to keep equipment in a particular position, such as above a Bunsen burner.

Retort
stand

Boss
head

kai keisuke/Shutterstock.com

A FIGURE1.8.6 Test-tube racks are used to hold test A FIGURE1.8.7 Aretort stand, boss
tubes for experiments. head and clamp

Other equipment

Some other pieces of equipment that you will use in the science laboratory are a:
® stirring rod - a thin glass or plastic rod used to mix substances
® spatula - a shallow metal or plastic spoon used to transfer powders

e dropper - a small plastic or glass tube used to collect and transfer small volumes of liquid.

_

Dropper

Mark Fergus Photography

/

—— Stirring rod

— a4
= 18

Spatula

A FIGURE 1.8.8 A stirring rod, spatula and dropper being used in
an experiment
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@ LEARNING CHECK

1 State the names and uses of the following pieces of equipment.
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2 Draw a labelled diagram to show a beaker sitting on a gauze mat on a tripod stand
and being heated by a Bunsen burner sitting on a heatproof mat.

3 List two pieces of equipment that could be used to:
a hold water.
b pick up something.
c see something that is very small.
d heat something.

4 Describe the equipment you would use to put some powder in a test tube and heat it
safely over a flame.

5 State a similarity and a difference between the two items in each of the following pairs:
a atesttube and a beaker.
b a microscope and a magnifying glass.
c a spatula and a dropper.
d aretort stand and tongs.
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Conducting investigations:

recording data

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Interactive resource
Match: Data
and results

Drag and drop:
Types of data

Worksheet
Converting units of
measurement

data

the numbers or
observations collected
during an experiment;
information gathered for a
scientific inquiry

results

the information gained
from an experiment

DATA
sciencE IPadl

See Modules 2.2
and 2.3 for more
about quantitative
and qualitative data.

row
a horizontal division in
atable

column
a vertical division in
atable

anomaly
something that deviates
from the standard
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describe the components of an effective table
organise data in an effective table

describe the importance of units of measurement
compare qualitative and quantitative data.

GET THINKING

The information about your classes for each day is organised into a timetable.
1 Describe how the information is arranged in your timetable.

2 Explain the benefits of having the information arranged in a timetable.

3 Predict what would happen if you didn't have a timetable.

AL R NS

Types of data

When scientists conduct an investigation, they make observations and measurements, called
data. The processed and analysed information gained from this data is the results of the
investigation. The results are the evidence that will support or disprove the testable question.

Asyou learned in Module 1.2, there are two types of data: qualitative data and
quantitative data (Table 1.9.1).

v TABLE 1.94. The differences between qualitative and quantitative data

Qualitative data Quantitative data

+ Describes what you see and observe. It does not
measure anything.

+ Means numbers and things you can count
or measure.

+ Includes things such as colours, textures,
smells, tastes, appearances and perceptions.

+ Can be represented in tables and graphs.

Units of measurement

In science, you must use and record the appropriate unit of measurement when

you collect data. You should also collect data using the same unit of measurement
throughout your investigation, to avoid confusion. For example, if you are measuring
height, choose one unit for all measurements, such as centimetres. This will help you to
avoid errors when you process the data. If different units of measurement are used, you
must convert all of them to the same units before you process your data.

Organising data into tables

It is important to organise and evaluate the data correctly so that valid conclusions are
made. The most common, effective way to organise data is in a table, with rows and
columns. This makes it easier to identify trends in the results and any anomalies in the
data. Figure 1.9.1 shows the features of an effective table.
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TABLE 1. The time taken for 100 mL of water to boil with and without added salt

\ An informative title that indicates the

independent and dependent variables
Independent variable

i Headings,
in the first column _Dependent variable includigg
in the other columns the units
~ Rl
~
Whether salt Time taken for water to boil (s) Average
was added (mean) of the
. ) or not Trial 1 Trial 2 Trial 3 Average data
Organised into neat
columns and rows No salt 165 180 172 172.3
Results
Salt 235 228 240\ 234.3
Data

A FIGURE 191  Features of an effective table

Using data from secondary sources

In science, we use a range of secondary sources (reports of scientific work by other
people) that:

® give information or background about the question we are testing or researching
® provide information about techniques we could use in our procedure

® et us compare our data with data from other researchers.

Secondary sources of data often come from other scientists who have performed the
investigation or researched the topic. This is called scientific literature, and it is available
in libraries and on the internet. It is important to cite (provide full publication details of)
the sources when we use other people’s data or publications (secondary sources).

Not all secondary sources of information are of the same quality. You will learn how to
check the validity and reliability of secondary sources and data in Modules 2.5 and 2.6.

@ LEARNING CHECK

List the features of an effective table.

Explain why an effective table for results is beneficial during an investigation.

Explain why it's important to use the same units of measurement when collecting data.
Compare and contrast qualitative and quantitative data and give an example of each.

a H WO =

During an investigation, Ajang measured the height of grass that was planted in different
media (sand, potting mix, compost, gravel and clay). Construct a table for Ajang to record
his results in.

9780170484114

secondary source

a publication, information
or data that has been
written or collected by
another person

scientific literature
secondary sources of
data from scientists;

used as references

in investigations

cite

to reference or give credit
to a secondary source of
data or information
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@ Processing data and information

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Video

Science skills
in a minute:
Organising data

Science skills
resource

Science skills in
practice: Organising
and representing
data

¥ TABLE 11041 Heights
of meerkats

Meerkat  Height

(cm)
Alex 63
Brianna 58
Cam 72
Daniel 80
Dora 63
Ellie 50
Huang 68
Milly 55

v select the correct graph to visualise types of data
v explain why certain graphs are appropriate for different types of data.

GET THINKING

Think about the receipt you get
when you buy groceries from
the supermarket. How can

you organise the data in the
receipt to see how much money
you spend on different items?
How could you process that
information as scientific data?

iStock.com/andresr

A FIGURE 1104

Processing data

You can present scientific information in different ways, such as text, diagrams, tables,
graphs, databases, talks and videos. In Module 1.9 you learned how to create tables

to record the data you collect. In this module, you are going to learn how to process
that data. This will make it easier for you to analyse the data later, so you can use it as
evidence to support your testable question.

To show how to process data, we’ll explain the steps using an example.

Observations, testable questions and data collection

You are visiting the local zoo and you observe that there are differences in the heights

of meerkats when they stand up. You decide to investigate the question: are the female
meerkats taller than the males? You contact the zoo for approval to run the investigation.
The zookeeper tells you that each meerkat has a tag with its name and helps you to
measure the height of each one. The data is recorded in a table (Table 1.10.1).

Organising the data

The next step is to classify the data in the table into categories. In this example, you
use the categories of female and male. You can put the data into categories in an Excel
spreadsheet or manually into a table (Table 1.10.2).

v TABLE 110.2 Height of meerkats, separated into males and females

Female meerkat name Height (cm) Male meerkat name Height (cm)
Brianna 58 Alex 63
Dora 63 Cam 72
Ellie 50 Daniel 80
Milly 55 Huang 68
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Finding an average

Sometimes, you will collect a large amount of quantitative data in an investigation and
will want to find an average value, or mean. To find the mean, you:

® add up all the data for one variable to get a total - in this case, add the heights of each
group of meerkats. For example, 58 + 63 + 50 + 55 = 226.

e divide the total by the number of data points - in this case, the total number of
female or male meerkats. For example, 226 + 4 = 56.5 cm

You will then have the average height of each group to compare. In this case, the average
height of the female meerkats is 56.5 cm, while the average height of male meerkats is
70.75 cm.

Types of graphs

You can represent data visually in a graph. This makes it easier to see any pattern or
trend in the data.

The type of graph you use depends on the type of data you record. Discrete data can
only have certain values, whereas continuous data can have an infinite number of values
between whole numbers. For example, the number of meerkats in the zoo is discrete
data because you cannot have half a meerkat. By contrast, meerkat height is continuous
data because it is possible to have a range of height values, not just whole numbers.

Two of the most common types of graphs in science are column graphs and line graphs.
Column graphs, such as the one in Figure 1.10.2, are best for representing discrete data
and qualitative data.

This is called a graph title. We can easily see that t

O

mean

the calculated ‘central’
value of a set of numbers;
an average

DATA
science IPad

See Module 2.7

to learn how to
calculate range and
median.

discrete data

data where there is only
a limited number of
possible values

continuous data

data from measurements
that may include whole
numbers and any value
between them

here were fewer

This scale is yellow lollies than any other colour.
used because
there were GRAPH 1. Number of lollies of each colour
no more than \
6 lollies of any 6 — )
one colour. This column tells us that there
were 3 orange lollies.
5 —
(7]
2
S 4 — There is a space between each
s column in a column graph.
Es-
[ This is the horizontal (x)
2 axis. It is used for the
This is the vertical (y) 2 independent variable.
axis. It is used for the
dependent variable. 1 —
0 The data shows that there
Red Blue Green Yellow Orange were 5 different colours
Colour Of IO"ieS.

A FIGURE 110.2  Use a column graph for discrete data and qualitative data.
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line of best fit

A FIGURE 110.3

Line graphs, such as the one in Figure 1.10.3, are used when both variables are

continuous data.

GRAPH 2. Distance run over a 5-second
interval by a cheetah chasing its prey
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This point shows that, ([ ]
at the end of 1 second, /&ﬁ_’
the cheetah had run 20 — 4
22 metres. A
0 ! | | | |
1 2 3 4 5

Time (seconds)

Use a line graph for continuous data.

Drawing graphs

There are rules you need to follow when drawing all graphs.

This is called a line of
best fit. It is the best line
you can draw to represent

/ all of the points.

®
S \ The straight line clearly shows

that the cheetah ran at a steady
speed over the first 5 seconds.

® Use an informative title that includes the independent and dependent variables.

® (learly label the horizontal and vertical axes.

® Graph the independent variable on the x-axis (the horizontal axis).

® Graph the dependent variable on the y-axis (the vertical axis).

® Label the variable on each axis.

® Use units in brackets (if appropriate) with the axis label.

® Use a scale on each axis that goes up in regular increments if the data is numerical.

® In most cases, graph the average of the data.

® Use a key to identify data if there is more than one set of data graphed on one set of axes.

the line that best ® Add aline of best fit wherever possible for line graphs.

represents the trend . o

of a set of data points ® Use the maximum area of the graph paper (within reason) when you draw by hand.
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Other ways to present data

We can organise and present scientific data in many ways, such as using keys, models,
diagrams and infographics.

For example, we use keys to identify living things based on their physical characteristics
(Figure 1.10.4a). We use models and diagrams to represent complex scientific concepts
(Figure 1.10.4b).

a
VERTEBRATE 5
NO FUR Pistl -
4
@f Com— E’
<T
FEATHERS NO FEATHERS &
<C
MAMMAL § Fﬂﬁ o
<><>
DRY SKIN MOIST SKIN
BIRD <¢* Fﬂﬁ
M SCALES NO SCALES
REPTILE _*° 5
FISH AMPHIBIAN

A FIGURE 110.4  (a) Keys and (b) diagrams are some of the ways you can present scientific data.

@ LEARNING CHECK

1 Define:
a continuous data
b discrete data.

2 Sue is counting how many moons are around each planet in the solar system. Identify
what type of graph is suitable for this type of data.

3 What type of graph should you use for:
a the length of a day at different times of year?
b the volume of carbon dioxide released from different types of plants?
¢ whether people prefer coffee, tea or hot chocolate?

4 Explain why and when scientists would use different types of formats to organise and
present their data.
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@ Analysing data and information

BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

define accuracy, reliability and validity

evaluate data for accuracy, reliability and repeatability
identify trends, patterns and relationships in data
evaluate an investigation for validity and reproducibility

L O N RS

write a valid conclusion.

:“ GET THINKING

(L4

The librarian at your school wants to know how many books were borrowed during the
year in various categories, such as science, history and sport. How will she need to
analyse the data?

Interactive resource

Crossword:
Scientific processes

Analysing data in graphs to identify patterns

and trends
pattern Once you have organised the data, you need to analyse it for patterns and trends. A pattern
data that repeats in a . . . . .
predictable manner is when the data repeats in a predictable way. For example, if you made an analysis of the
analysis increase and decrease of average temperatures each year, it would reveal a pattern.
the careful study of . . . .
data to look for patterns A trend, or relationship, between the variables happens when the dependent variable
andtrends consistently changes in a certain way. For example, there is a trend between the
mass of an object and the energy needed to lift it: the heavier the object, the more
energy is needed to lift it. Figures 1.11.1 and 1.11.2 show examples of different trends
between variables.
GRAPH 1. Changes in monthly temperature during 1980 and 2022
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A FIGURE 1111 This graph shows a pattern of average temperatures in Australia in 1980 and 2022. In both years, you can see
there are higher average temperatures in summer and lower average temperatures in winter.
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GRAPH 2. Time spent studying versus score on Science test
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A FIGURE 111.2

Time spent studying (hours)

This graph shows a trend of increasing score on a Science test as the number of

hours spent studying increases.

If the trend is the same as the predicted trend, then the results are evidence that supports

the hypothesis.

Another way we can analyse graphs is by looking at the individual points in the graph and
adding a line of best fit. For example, the graph in Figure 1.11.3 shows the mass of carbon
dioxide produced over time in an experiment. Using the line of best fit, we can see that the
rate of carbon dioxide production is not consistent over time. We can also use the individual

data points to obtain precise information at a given time, which helps us make inferences.

that, at 35 seconds,
0.85 grams of
carbon dioxide had
been made.

Where the graph——
is steepest, the
carbon dioxide was
being made at the
fastest rate.

A FIGURE111.3
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GRAPH 3. The mass of carbon dioxide gas produced every 5 seconds
during a reaction between powdered seashells and hot vinegar

DATA
SCIENCE N

See Modules

2.7 and 2.8 to
learn more about
analysing data

in graphs.

I [ I I I I I
0 5 10 15 20 25 30

How to interpret a curved line graph

— 1.0
% o ¢ 000000
5 % »®
g 0.7+ °
® 06— o ! This is called a
5 line of best fit.
S 0.5+ ® Here, the curve !
g 0.4 ii less steep, so :
%S 0.3+ Le?nga;g(?: The flat part of the curve shows
@ ’ 9 low H us that mass had stopped changing.
8 0.2 more slowly. 1 This means that no more carbon
0.1 ! dioxide was being made.
0 7

1 T 1 T T 1 1
35 40 45 50 55 60 65 70 75
Time (seconds)

Chapter 1 | Working scientifically 37



accuracy
how close a measurement
is to the correct value

validity

the extent to which
an investigation tests
a hypothesis

Evaluation

The next scientific process is to evaluate the data and the method. Evaluation allows
scientists to assess the quality of their conclusions. To evaluate an investigation
thoroughly, it needs to be repeated in exactly the same way by the same person and by
others. This provides multiple independent results that can be compared.

Table 1.11.1 summarises the factors that scientists discuss in an evaluation.

TABLE 1111 Factors to consider when evaluating a scientific investigation

Characteristic Definition Factors to consider in the evaluation
of the investigation

Accuracy of the data How close a measurement is to + Choose the correct equipment

the true value + Choose the most appropriate size

of equipment
+ Use the equipment correctly

+ Use consistent, correct units
for measurements

Reliability of the data How similar data is + Can be identified only if multiple trials
when collected from or tests are conducted
repeated experiments - Is increased by a clear, detailed method

that is used each time
Validity of the method How well an investigation tests + The independent variable is changed
the hypothesis + The dependent variable is measured

+ All other variables are controlled

You must evaluate the data before you can decide if you have evidence to support or
reject the hypothesis and testable question. You can gather more information from
secondary sources to back up your findings.

The conclusion

The conclusion is a clear statement of what you found in the investigation and whether
or not it supported the hypothesis (Figure 1.11.4). You should not introduce any new
information in the conclusion; it should simply summarise your findings.

Describe the trend

State whether the
Conclusion ——  hypothesisis
supported or not

Do not include
— any new
information

A FIGURE 111.4 A summary of what to include in a conclusion
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@ LEARNING CHECK

1 The table below shows the results of an experiment investigating the time taken for
bleach to remove the colour from dye at different temperatures.

Temperature Time taken for the colour of dye to be removed (seconds)
) Trial 1 Trial 2 Trial 3 Average

0 240 235 242

20 189 185 186

50 80 75 78

70 20 22 21

State the independent variable and the dependent variable.

Write a possible hypothesis for the investigation.
Calculate the average of the times at each temperature.
Graph the average time against temperature.

o Qo 060 T 9

Describe the trend between the temperature of the bleach and the time for the dye
to lose its colour.

2 Describe the trend shown in each of the following graphs.

Graph A Graph B
©
3
o 80 80|
[] —~
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8 60 ... ® = 604
E MR S 0%e® £
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5 40+ S 404
= [7]
Y (%]
) @
5 20 = 201
2
£
z 0 T T T T T T T 0+ T T T T
0 5 10 15 20 25 30 35 0 10 20 30 40
Daily high temperature (°C) Time (s)
3 Define:
a accuracy.
b reliability.
c validity.

4 List two things that would reduce the accuracy of an investigation of the force required
to tear paper of different thicknesses.

5 Explain how a clear method allows you to collect reliable data in an investigation.

6 Before a new pharmaceutical drug is released to the public, it must undergo several
tests. Discuss why it is important that reproducible results are obtained before the drug
is made available to the public.
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@ Problem-solving in science

BY THE END OF v define scientific problem
THIS MODULE, YOU : : o :
WILL BE ABLE TO: v outline strategies for scientific problem-solving.
You are helping to cook muffins and you realise some of them are not cooking properly.
What could you do to investigate this problem? What strategies could you use to solve
the problem?
M, What are scientific problems?
18
Sometimes, during an investigation, problems occur that interfere with the purpose
Vvid ., . e eps
Science' :;ls e of the research. There isn’t a single set of steps to solve a scientific problem. Often,
minute: Cause and scientists will have to adapt their investigation or repeat steps in the scientific process.
errec
Sometimes they need to create new procedures to follow. This is part of the nature of
Science skills science and the process of working scientifically.

resource

Science skills in

practice: Cause and PrObIem_SO|Ving Strategies

effect in science

The main stages of solving problems during research are shown in Figure 1.12.1.

Identify the problem
o0 o
o

Define the issues ‘

Explore solutions
Problem

solved

Develop new procedures
and test solutions

Evaluate the solutions

A FIGURE 1124 The main stages of solving a research problem scientifically

Let’s apply the problem-solving process to an example investigation. You are collecting
data about how fertiliser affects plant growth (Figure 1.12.2). As you conduct the
investigation, you notice some plants that are receiving the same treatment aren’t
growing well, despite controlling all the variables.
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® Identify the problem - your observations
have identified the problem: some plants are
getting the same treatment but are growing

inconsistently.

® Define the problem - you check all possible causes
by collecting further observations. You discover

mould on some leaves.

® Explore solutions and develop new procedures —
you modify the procedure and repeat

the investigation.

e Evaluate the solution - you observe the plants
to evaluate if the new procedure has fixed

the problem.

A FIGURE 112.2

Table 1.12.1 lists some strategies used to solve common problems in

science investigations.

v TABLE 1121 Strategies to solve common problems encountered in science investigations

Common problem

Anomalies in collected data
and measurements

Differences in observations
between repetitions

Data collected did not support
hypothesis and did not answer the
scientific question

Results do not match with
previous literature

Problem-solving strategy
+ Check apparatus and devices and calibrate if necessary

+ Check for mistakes in data entry

Check if units need to be converted

+ Check controlled variables were all kept the same
across repetitions

+ Check the procedures used in the investigation

+ Check how data was collected and recorded

Check the data analysis and type of graph used

+ Do further literature research

Check how data was collected and recorded
+ Check the data analysis and type of graph

+ Identify reasons data may differ

Cause and effect: correlation and causation

Examining correlation and cause-and-effect relationships (causation) is helpful in
scientific problem-solving. Correlation occurs when two variables change together. Some
problems are solved by identifying whether there is a cause-and-effect relationship
behind the correlation. Causation means that one event (the cause) brings about a
change in another event (the effect). In a scientific test, causation means the change in
the independent variable causes the change in the dependent variable.

Correlation does not always indicate causation. Sometimes the change in one variable has
nothing to do with the change we are observing in another variable.

9780170484114

A problem during an investigation into
the effect of fertiliser on plant growth

Richard Griffin/Shutterstock.com

correlation

atrend in data in which
one variable changes
consistently as the other
variable changes

causation

a relationship in which a
change in one variable
causes a change in
another variable; one
event is the result of
the occurrence of the
other event
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Time passes

Causation — warm
atmosphere causes
ice caps to melt

Correlation

Sea levels rise

A FIGURE 112.3
not causation.

N 4

There is correlation between rising sea levels and your age, but

For example, think about the
correlation between your age

and rising sea levels. Over the

last 50 years, the sea level around
Australia has risen an average of
2.1mm/year. Your age has increased
at a steady rate, too. It’s a correlation,

Causation — you
grow and develop

but sea level rise is due to a warming
planet, not your age changing.

So, there is correlation between

the variables but not causation
(Figure 1.12.3).

Your age increases

Testing for cause-and-effect relationships

You can see a correlation between the independent and dependent variables more easily
when you plot both variables in a graph and draw a line of best fit. For example, you
could investigate whether the maximum heart rate of males decreases with age. You
would measure the maximum heart rate of males of a range of ages and make a graph.
Your results may look like the graph in Figure 1.12.4.

You can use other models, such as mathematical models, to identify causation.

DATA
science P d

See Module 2.8 to
learn more about
using the line of
best fit to test

for correlation.

Maximum heart rate (beats/min)

200

190

180

170

160

150

140

A FIGURE 112.4

42 Science in Focus | Stage 4 NSW

Maximum heart rate vs age for males aged 15-75
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@ LEARNING CHECK

1 Define what scientific problem-solving means.
2 Describe the main steps to solve a problem scientifically.

3 Karen is testing how sunlight changes the air temperature inside different coloured
bottles. She measures the temperature with a thermometer. She is surprised to
find that the temperature doesn't change during the day as she expected. Create a
flow chart with the steps that Karen should follow to solve this problem.

4 The following diagram shows correlation and causation. Discuss if there is correlation
and causation between hot weather, ice cream sales and sunburn.

<><><:>

VectorMine/Shutterstock.com

HOT WEATHER

é
S
v
F
&

CORRELATION
VS
CAUSATION

> &9

Z CORRELATION

SUNBURN ICE CREAM SALES

5 Aresearch team was analysing their results. They realised that there might be
an error in the data collection. List two strategies that the team could apply to
solve the problem caused by the error. Justify your strategies.
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Communicating: planning and

writing scientific texts

BY THE END OF v identify why scientists communicate their findings
THIS MODULE, YOU . . e
WILL BE ABLE TO: v list the steps to plan a written scientific text

v describe the features of common written texts.

«l GET THINKING
P4
(L4

Imagine you are learning about the features of plants. How could you explain this to a
Quiz kindergarten student? How would you explain the same concept to a Year 11 student?

Science
communication

Types of scientific communication

Scientists communicate their findings to different audiences for different reasons. The
audience and the purpose of the communication determine which format or text type is
best. This also guides the style of language (formal or informal) and vocabulary (choice
of words) the scientist uses.

For example, a scientist presenting their investigation findings to other scientists at

a conference will use formats such as lectures and posters, using technical language
to share their methods and discoveries in their research field and allow science to
advance. They would use a different format and simpler language if they were sharing
information with a community group with the aim of informing the public and
answering any concerns or questions.

Figure 1.13.1 shows the steps a scientist should follow when planning and writing a
scientific text.

Identify . Select
reason for + Itder;tg¥ + + which
communicating agc'i)ience information

research is shared

A FIGURE 1131 The steps in planning a written scientific text

Images in written texts

Scientists use images and figures in scientific texts to help their readers understand their
scientific method, results and analysis of their data. Many types of scientific texts use
photographs, diagrams, tables, graphs, flow charts and infographics.

When you use images in your scientific reports, make sure you label them correctly. Figures
and images need to be simple enough for the intended audience to understand them.

If you use images from secondary sources, you need to check you have permission to use
them. You also need to cite all images that you have used from secondary sources.
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Types of scientific texts

Table 1.13.1 describes some of the most common types of text used to communicate
scientific findings. We will look at science reports in detail in Module 1.14.

¥ TABLE 11431 Types of scientific communications

Scientific text type Purpose Audience

Magazine article

Scientific podcast

Conference
presentation

Scientific
journal article

Scientific poster

Scientific website

9780170484114

To share interesting = Public
scientific

discoveries

To discuss a Public

scientific topic of

interest in depth

To share new Scientists

scientific findings

To share new Scientists

scientific findings

in detail

To share summary = Scientists

of new scientific

findings in

visual format

To explain scientific = Scientists

phenomena Students
Teachers

Typical features

+ Has short length

+ Uses accessible language, and may
introduce and explain scientific vocabulary

Often displays data in the form of
photographs or infographics

Has short duration

Uses concise and general vocabulary

Often focuses on a single topic

Describes and explains data in
general terms

May use slides such as from PowerPoint

Uses formal language and technical
vocabulary

May include videos

Shows the data collected using graphs and
tables

Refers to research done by others

Follows the format of a scientific report

Uses formal language and
technical vocabulary

Is usually written in past tense

May have graphs, tables and maps

Includes long discussion supported by
scientific literature

Will have been reviewed by other experts in
the same field (called peer review)

Follows the format of a scientific report

Is usually written in past tense

Has graphs, tables, maps and diagrams

Has a short discussion supported by
scientific literature

Is written in present tense

Includes detailed information about

the phenomenon phenomenon
(plural: phenomena)
something that is

observed to exist or occur

Includes photographs and diagrams

May include interactive activities or videos

Will have been reviewed by experts in the
same field and will be updated regularly
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@ LEARNING CHECK

Describe two reasons scientists communicate their findings.
Outline the steps a scientist would follow to create a scientific text.
Describe the main characteristics of a scientific journal article.

Arlo visits a university and sees different scientific posters about research that
scientists are doing there. Outline the features of a poster used for a scientific
audience.

A WON =

Shalstock/Shutterstock.com

5 You are invited to communicate the latest findings of your research at a conference.
Discuss which scientific text types you will use and why.

6 Explain whether this is a scientific poster. Justify your answer.

o

Natykach Nataliia/Shutterstock.com
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@ Communicating: scientific reports

BY THE END OF v list the parts of a scientific report

THIS MODULE, YOU . S

WILL BE ABLE TO: v write a scientific report.

GET THINKING :5

L 4

This module introduces you to writing a scientific report to share the findings of an .
investigation. As you work through the module, summarise how to write each section in a Interactive resource
flow chart. Label: Parts of a

scientific report

Science report

Science reports are used to communicate information about scientific investigations.
Although the format of the report may vary depending on the purpose and audience, the
most common forms are a formal report or a poster. Science reports usually include the
sections shown in the following report of an investigation on tomato plants’ growth and
fertiliser use.

Aim
State the purpose of the investigation.

To investigate the effect of fertiliser on the rate of growth of tomato plants

Hypothesis

State the hypothesis.

If fertiliser is applied to the soil, a tomato plant will grow faster than if no fertiliser
is added.

Materials and equipment

List, in detail, the materials and equipment needed, including the amounts
of substances.

® 6 tomato seedlings

® 6 small rectangular pots, each measuring 4cm X 4cm X 6 cm
e around 300 mL of potting mix

® 25mL measuring cylinder

® water

e fertiliser (Aquasol)

® clectronic balance

® 30cm ruler (showing millimetres)

9780170484114 Chapter 1 | Working scientifically
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Risk assessment

State any hazards and how the risks associated with each hazard can be managed.

Some potting mix contains fungal spores that could be harmful to health. Use potting
mix in a well-ventilated area and wear a dust mask and gardening gloves.

Method

Write a detailed method as a series of numbered steps and a labelled diagram
or photo.

1 The pots were numbered 1-6.

2 Each pot was filled with potting mix containing no fertiliser to a height of 3cm
(48 mL of potting mix).

3 One tomato seedling was planted in the centre of each pot so that the potting mix was
at the same level as the soil the seedling was in.

4 The heights of the seedlings were measured with a ruler.

5 Pots 1-3 were labelled “Water only’.

6 10g of fertiliser was sprinkled onto the soil of pots 4-6. These pots were
labelled ‘Fertiliser’.

7 Each pot was watered with 20 mL of water at the same time each day.

8 The heights of the seedlings were measured every second day at the same time,
where possible.

9 Steps 7 and 8 were repeated for 2 weeks.

1
10 15 20 25 30

1
5

Centimetres

!
(]

>

| P e e e e
|- |

o Ve Ve e Ve Yo
W " " a8

Water only Fertiliser
Measuring cylinder Ruler

A FIGURE 1141  The set-up of the experiment
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Results
Tables

Include one or more tables of data and any observations.

v TABLE 1141 The heights of tomato plants with and without fertiliser over a 14-day period

0 17.5 18.5 21 20 19 18

2 19 20 21 21 21.5 20.5

4 22.5 23.5 23 22 24 23

7 25 28 27 26.5 28 26.5

9 27.5 28.5 28 28.5 30.5 28
11 29 29 29 33 33.5 32,5
14 32 33.5 36.5 36 39.5 38.5

v TABLE 114.2 The increase in heights of tomato plants with and without fertiliser

No fertiliser

With fertiliser

19

16 20.5 20.5
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Graphs

Include a graph of the results.

The growth of tomato plants with
and without fertiliser

20 —
18
16
14
12 —
10 —

6_
4_
2_

Growth over 14 days (cm)

No fertiliser With fertiliser
With or without fertiliser

A FIGURE 114.2 A column graph showing the increase in height of tomato plants
over 14 days with and without fertiliser

Discussion

Discuss the analysis and evaluation of the investigation, including:
® the trend found, the scientific reason for it and whether it supports the hypothesis
® the accuracy, reliability and repeatability of the data, including any anomalies
® the validity of the method

® ways that the investigation could be improved or extended.

Six tomato seedlings were grown under identical conditions, except that 10g of fertiliser
was added to the soil of three plants. Results showed that the tomato plants that received
the fertiliser grew, on average, 4cm more than the ones that did not receive fertiliser. At
weekends, the plants did not receive any water. Because this affected all plants equally,
the difference in growth would not have been affected.

Both sets of plants initially grew at similar rates until day 9, after which the seedlings
with the fertiliser grew more quickly than those without fertiliser.

These results support the hypothesis that a tomato plant in soil with fertiliser grows faster
than one in soil without fertiliser. This is because the addition of the fertiliser provided the
tomato seedlings with additional nutrients, which helped them to grow faster.

The method fairly tested the hypothesis because all variables were controlled, with

the only variation being the addition of fertiliser to half the pots. The method was also
appropriate because it measured the height of the tomato plants, which is one valid way
of measuring the growth of the plants. This allowed the growth of the plants with and
without fertiliser to be compared.
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Only the height of the plants was measured. This did not consider the width that the
plants grew. Therefore, the accuracy of the growth measurement was limited.

The data for the plants without fertiliser was very reliable, with the growth varying by
only 1cm. The data for the plants with fertiliser was less reliable, with pot 4 growing 4cm
less than the other two pots with fertiliser. Overall, the results are repeatable because the
results are similar and each trial conformed to the same trend.

Any future investigations of this type should include more plants under each condition.
This would provide more data and minimise problems arising if any of the plants die
during the experiment. The investigation could also be extended to test the effect of other
fertilisers, the effect of different amounts of fertiliser, the effect of the frequency of adding
the fertiliser or the effect of fertiliser on the growth of different varieties of tomato plants.

Conclusion

State the trend and whether it supports the hypothesis.

Results from this experiment support the hypothesis that tomato plants with fertiliser
added to their soil grow faster than ones without fertiliser added.

@ LEARNING CHECK

1 In the tomato plant investigation, what do we call the plants that did not have fertiliser
added to their soil? What is the purpose of these tomato plants?

2 If you used a different type of potting mix for each tomato plant, what effect might that
have on the investigation?

3 Describe the implications of one of the tomato plants dying during the investigation.

4 Explain why it is important for the method to be clear, detailed and thorough.

5 Can you say conclusively that all tomato plants will grow faster if fertiliser is added?
Explain your answer.

6 Jingyi conducted an experiment measuring the interior temperature of different coloured
cars. Her testable question was: is the interior temperature of black cars hotter than
other coloured cars? Jingyi's results confirmed her hypothesis. She conducted the

experiment once, using the four cars shown below. Write five points Jingyi should
include in her discussion.

Whitevector/

Charlie Hutton/
Shutterstock.com

Shutterstock.com

Dimitris Leonidas/
Shutterstock.com

Rob Wilson/
Shutterstock.com
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BY THE END OF v define depth study
THIS MODULE, YOU . )
WILL BE ABLE TO: v outline the types of depth studies

v describe the steps to conduct a depth study.

GET THINKING

When you walk on the beach, you may
see plastic litter, including very tiny
pieces of plastic. How could you create
a study to investigate the source of
those plastics and find ways to reduce
their impact?

» FIGURE 1151  Plastic waste, including
tiny pieces known as microplastics, is
found on beaches all over the world.

What is a depth study?

depth study A depth study is a major research project in which you investigate one or more scientific

a major research project concepts in detail
on a topic of interest and p .

ing linked h . .
ueing linkec researe You can use a range of data sources in your depth study. This can be data you collect
from an investigation (first-hand data) or data you have analysed from other valid
sources (secondary data). You can complete the depth study alone or in collaboration

with others. Your teacher will usually give you a set time to complete the study.

Types of depth studies

There are different types of depth studies, depending on the nature and purpose of the
investigation. Figure 1.15.2 shows a summary of the types of depth studies.

Types of
depth study
Design Evidenced Environmental Prod c
and conduct arguments/ excursions/ rro Uth./ regtei/ asges_s g
experiments ethical issues museums LSCOICEDUONS eS| €lF elaTes

A FIGURE 115.2  There are many types of depth studies.
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The tools you use to conduct the depth study will depend on the type of the

investigation. Some examples are shown in Table 1.15.1.

v TABLE 11451 Common types of depth study, examples and tools you can use

Depth study type
First-hand investigation:
« practical investigations

+ testing a claim and testing
a model/device

Secondary data

Fieldwork

Ideas or examples

+ Conducting experiments

Test an existing device

Create a device or working
model and test it

Test a product claim or an idea

Carry out an
environmental study

Literature review

Evidence-based argument

+ Theoretical essay

Environmental
management plan

+ Analysis of scientific videos,

emerging technologies or
ethical issues

+ First-hand data collected on

an excursion

Data collected from
engagement with
community experts

Main steps in a depth study

In a depth study, you follow the working scientifically processes to plan, conduct, analyse

and share your findings.

Tools

+ Scientific report template

Citation tools to create the
reference list

+ Tables and graphs to
communicate findings

averaging, graphing, line of best fit)

PowerPoint
+ Canva

+ Online animation tools

Qualitative and/or quantitative
data analysis tools (e.g. averaging,
graphing, line of best fit, interviews,
survey responses)

+ Scientific report template
+ Essay template

+ Surveys and interviews

Some of the key activities you will complete as part of the depth study include:

1 Develop a testable inquiry question — use this question to drive your research.

2 Review secondary sources — look for valid secondary sources that support your ideas

and procedure.

3 Plan and conduct a fair test - manage and control all of the variables.

4 Conduct a risk assessment — identify the hazards you may encounter before, during
and after the investigation.

5 Collect and process your data — organise your data in tables and graphs.

6 Analyse your data - look for patterns and trends, and assess whether your results

support or answer your testable inquiry question.

7 Communicate - share your findings by selecting a suitable type of scientific text.

8 Reference list - include an alphabetical list of the resources and images you consulted

or used.

9780170484114
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Portfolio of work

It is important that you are well organised as you plan and conduct your depth study.
portfolio of work Scientists keep a portfolio of work, which is often called a log book. In your depth study,

dered record of . . . .
ij"eg; ﬁftesreg;’tra gn d you will create your own portfolio of work. This is where you will record:

sources about the ® vyour ideas, questions and purpose
preparation, carrying

out and analysis of ® the procedures used to collect data
a depth study

® your collected data in tables and graphs
® notes of any problems you encounter during your research
e the key ideas for your discussion and conclusion.

You will use the information in the portfolio of work to create a written text to share
your findings with your class and teacher.

@ LEARNING CHECK

1 Define depth study.
2 Identify the importance of the inquiry question in a depth study.

3 Examine the picture below, taken during a walk in a rainforest. Describe what type of
depth study you could do related to this environment. Include details about the testable
question, sources of data and procedures you would use.

4 Discuss the importance of having a portfolio of work as you conduct a depth study.
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(REMEMBERING

)

1 List the processes involved in working scientifically,
beginning with observing.

2 What factors must you consider to make an
investigation a fair test?

3 State which variable is shown on the:

a vertical axis of a graph.
b horizontal axis of a graph.

4 What are two different types of graphs? When are
they used?

(UNDERSTANDING )

5 Explain why it is important to change only one
variable in an investigation.

6 Outline the difference between a method and a
procedure. Use this to explain why a method is
written in past tense.

7 Susie is measuring the height of plants. She collects
the following data: 0.2 m, 21 cm, 213 mm, 24 cm.
Explain what is wrong with Susie’s data.

8 Why is it important that scientific investigations
are repeatable?

9 Explain why it is important for your materials and
equipment list to be detailed.

(aPPLYING )
10 The hypothesis for an experiment was ‘As the mass
of a single ice cube increases, the time taken to melt
will increase’. State:
a theindependent variable.
b the dependent variable.
c four controlled variables.
(evaLuating )
11 Consider the data in the following table, which was

collected during an investigation of the temperature
during a chemical reaction between vinegar and
sodium bicarbonate (baking soda).

a Classify the data as continuous or discrete.

b Graph the data.

9780170484114
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13

1 REVIEW

Time (s) Temperature (°C)

0 21.0

5 20.5
10 19.0
15 17.5
20 16.8
25 16.5
30 16.1
35 16.0

¢ Describe the trend shown in the graph.
d Predict the temperature at 12 seconds.

An activity in your science class required you to
measure the temperature in your science classroom
over a 4-hour period. Your results are shown in the
table below.

Time (min) Temperature (°C)

0 14

30 16

60 19

90 21

120 21
180 23
240 17

a Is this data continuous or discrete? Justify
your answer.

b Represent this data as a graph.
What was the highest temperature during the
4-hour period?
Describe the trend shown in your graph.

From your graph, determine the temperature of
the room at 45 minutes.

During an experiment, the mass of limestone that
dissolved was measured. The results were 5,7.2, 6.3,
5.5,5.8, 6,4.9 and 6.7 g. Calculate the mean of this
set of data.

Chapter 1 | Working scientifically
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15

16

Olivia and Ethan decided to test whether red flowers
lasted longer as cut flowers than white flowers.

They put a red rose in a small cup of water on the
bathroom shelf, and a white carnation in a large jar of
water on the bench in the garden shed. After 3 days,
the white flower had died, but the red flower was still
alive. They concluded that red flowers lasted longer
than white flowers.

a Explain why this was not a fair test.
b Was Olivia and Ethan’s conclusion valid?
¢ Rewrite their method to make this a fair test.

In your opinion, what might happen if every scientist
reported their scientific discoveries in a different way?

Consider the information represented in the
graph below.

a What type of graph is shown?

b State the independent variable.

c State the dependent variable.
d

List three variables that would have been
controlled in this investigation.

e Describe the trend shown in the graph.

17

A scientist claimed to have made an important
discovery but did not follow scientific processes or
write a scientific report. What are the implications
of this? Would that scientist’s findings be

taken seriously?

(creaTING )

18

19

Write a hypothesis for each question.

a Why do my black clothes get hotter in summer
than my white clothes?

What would make my model car go faster?
Will plants grow more if | give them more water?
d How does the type of mug affect how quickly a
cup of coffee goes cold?
e Does ice melt faster if left out on a tray or put in
room temperature water?

f Do diet drinks help you lose weight?

Plan and conduct an investigation to test the
question ‘Do people prefer to read novels as a hard
copy or on a device?’ Create a scientific report to
share your findings.

Average monthly maximum temperatures

35.0 —

30.0 —

25.0 —

20.0 —

15.0 —

Temperature (°C)

10.0 —
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A STUDENT:
» explains how data is used by scientists

to model and predict scientific phenomena
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uses data to identify trends, patterns

and relationships, and draw conclusions
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proposes solutions SC4-WS-07
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Data is information collected in a consistent and systematic way that is used for a
range of scientific purposes.

Quantitative data is information you can count or measure. It is expressed as sets of numbers.

Qualitative data is information you cannot count or measure. It can be expressed as text or images.

Scientific data is testable and comes in many different forms.

Secondary data is data collected by someone else. Using secondary data has advantages and disadvantages.

Scientists collect data in a variety of ways and plan how to gather accurate and reliable data.

Datasets must be organised and summarised before they can be analysed.

Datasets are analysed to identify trends and correlations, and to draw conclusions.

Scientists use models to explain and predict real-world phenomena.

Scientists analyse models to explain and predict phenomena, and to improve the accuracy of models.

Scientists collect weather data in many ways to use in weather and climate models and to predict
weather and climate changes.
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SCIENCE IN DEPTH

The ocean is warming and sea levels are rising. We know this

A FIGURE 2.01 As oceans warm,
less sea ice forms each winter in
polar regions.

because of scientific data and the use of models to understand the
past and predict possible futures. During the last decade alone, global
sea levels have risen an average of 3.6 mm per year. Rising sea levels

affect coastal communities through storm surges, flooding and higher

rates of coastal erosion.

@ DIVE INTO SCIENCE!

» Water expands when it is heated. How does the warming ocean
affect sea levels?

As ice on land and ice shelves melt, the water is added to the
ocean. Which type of ice contributes more to sea level rises?

As the weight of ice is removed from Antarctica, Antarctica will
rise, lifting part of the ocean floor. How will this affect sea levels?

What is the evidence for rising sea levels and how is it gathered?

Assessments

® Prior knowledge quiz

® Chapter review questions

® End-of-chapter test

® Depth study: Research project

Videos

® Science skills in a minute: Secondary sources (2.5);
Collecting and organising data (2.7)

® Maths in science videos: Histograms (2.2); |Q scores
(2.3); Origin of pie charts (2.4); Mean, median and
mode (2.7); Correlation and causation (2.8); Distorted
graphs (2.8); Analysing different graphs (2:10)

Science skills resources

® Science skills in practice: Evaluating secondary
sources (2.5); Collecting and organising data (2.7)

® Extra activities: Playing with Python (2:7); Working with
spreadsheets (2.8); Analysing clusters (2.8); Chemical
models (2.9)

Interactive resources

® | abel: Penguin data (2.3)

® Drag and drop: Statistics (2.7)
® Simulation: Pendulum lab (2.10)
® Crossword: Data science (2.10)

~¢Nelson MindTap

0170484114

To access resources above, visit
cengage.com.au/nelsonmindtap
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

9
o‘:

Video activity
Digital footprints

data

the numbers or
observations collected
during an experiment;
information gathered for a
scientific inquiry

information
facts about an object,
event or process

[

— = L)
- et U L
A FIGURE 211  Information gathered by scientists in an experiment is data.

define data

identify sources of data used in science and other areas of inquiry
describe how digital footprints are generated

explain the importance of controlling digital footprints.

GET THINKING

Think about three photographs of you from when you were 3, 7 and 10 years old. What
sort of information could you gather from the photographs? Is the information from the
photographs data?

Data

Data is information that has been collected in a systematic way. We use data to describe,
test and predict:

® objects

® jdeas

® processes.

Data can include names, quantities,
descriptions, locations, pictures, maps, sets
of numbers, and statistics such as averages.
We gather data as information for different
purposes (Figure 2.1.1). When we conduct
an experiment, the measurements and
observations we make are not random.
Generally, we collect data to advance our
knowledge and understanding of the world.

Scientists collect and analyse data as part of
working scientifically. They do this to:
: : ® describe something in detail

s I YL -  identify and describe a trend or pattern

test an idea, a hypothesis or a model
® predict an event or outcome.
In Chapter 1, we defined data as the numbers and observations collected during an
experiment. But many people who are not scientists still use data in a scientific way.
People in the business world use scientific methods to analyse information and so do

people who design products. As you study this chapter, think of data as information used
in a scientific way.
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Data and science

To better understand the importance of data in science, think about how we collect and
use data to test a hypothesis. For example, think about the hypothesis:

On average, students who play football run 50-metre sprints faster than students who
do not play football.

These are the steps you would need to follow to use data to scientifically test
this hypothesis:

1 Decide on the procedure to collect the data.

2 Collect accurate numerical data on the

time it takes each class member to run
50 metres and match it to the descriptive
data about each class member’s

football participation.

3 Organise the data into times for players
and non-players and summarise the
data by calculating the averages for
each category.

4 Analyse the data to make a judgement on
whether the data supports the hypothesis.

Monkey Business Images/Shutterstock.com

5 Present the data and its analysis to show
you have conducted a fair test and have
evaluated your procedure and data.

A FIGURE 21.2 Do football players run faster on average than

Uses of data in society non-football players?

Scientists generate huge amounts of data in
large and small experiments. For example,
the US space agency NASA gathers data

to understand our solar system and the
universe. Radiographers generate data

when they create MRI and X-ray images
(Figure 2.1.3). Drug company scientists
generate data in the development and testing
of drugs, and data is used to test engineering
ideas in the development of rockets and
aircraft. Scientists who study weather and
climate also require enormous amounts 3
of data to do things such as run models to A FIGURE 21.3  Medical imaging, such as magnetic resonance
understand and predict climate change. imaging (MRI), generates large amounts of data.

Tushchakorn/Shutterstock.com
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digital system Many places besides science laboratories and hospitals generate data. Digital systems,

machines with digital . . L. . .

electronics and software machines with digital electronics and software, generate data. Computers, ticket readers

that generate or store data o hyses, smartphones, self-service checkouts at the supermarket and electronic smart
speakers are examples of digital systems. Designers use data to create 3D models of
products, games designers generate data in creating new games and social researchers

gather data using questionnaires, surveys and interviews.

The Australian Government collects extensive information about many areas of society.
An example is the national census, a nationwide survey that occurs every five years
(Figure 2.1.4). The government uses this census data scientifically to identify trends and
patterns in Australian society. This analysis is used to plan and make predictions about
our future. For example, governments use data about population growth and location to
decide where hospitals and schools are needed.

a Census population count by state and territory (2021)

Australian Bureau of Statistics. (2021)

o

ol
oo

a

> FIGURE21.4 The b <

Australian census E

survey produces lots 2

of data. This data 5

is processed and E

presented in different )

ways, such as AL 19.3% @

(a) this map showing

the population in each

Australian state and

territory, and (b) this

graph showing

the percentage

breakdown of Gen Alpha GenZ Millennials Gen X Baby Boomers Interwar

Australia’'s population 0-9years 10-24years 25-39years 40-54years 55-74years 75 yearsand over

by generation.
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Digital footprint

A digital footprint is all the data a person
creates through their actions and activities
online. We generate data when we visit
websites and use social media, including
platforms such as Instagram and YouTube
(Figure 2.1.5). Once data is created, it mostly
remains online indefinitely.

Cookies also create and store data about you.

When you visit a new website for the first
time, you may notice a pop-up notification
that says the page is using cookies to track
you. It will usually ask you if you agree to
this happening. Cookies are used to identify
you, recall preferences you might have, and
target ads based on things you have viewed.
Over time, the website builds a profile of
you using this history.

It is important that you are aware of the types
of data you create and share online. It is best
to assume that any action or activity you do
online could be accessed or visible to anyone,
both now and for many years to come.

a LEARNING CHECK

you interact with every day.

9780170484114

A FIGURE 21.5
about you when you visit websites and use social media.

®
®
LS
e
&)
©
bubaone/Getty Images

Your digital footprint includes the data collected

digital footprint

the body of data a person
creates through their
actions online

1 Define data.
q . I social media
2 Describe three sources of data and their applications. technology allowing users
3 Describe how your online activities generate a digital footprint. to create, publish and
share content
4 Explain how data is different from information. cookies
5 Explain why it is important to be aware of the size of your digital footprint. files of text stored on your
. . . . computer and shared with
6 Contrast the data created on social media with data produced by other digital systems websites when you revisit

them
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

v describe how quantitative data is collected
v outline how quantitative data can be presented

v explain the difference between discrete and continuous data.

:‘O GET THINKING

ia

Scientists use instruments to measure the properties of objects and how things change

Maths in science
video
Histograms

those properties.
Quiz
Quantitative data

over time. Make a table of five physical properties of one of these materials: copper,
steel, wood, plastic or cotton. In the table, include the units of measurement for each of

We described quantitative data in Chapter 1 as information in the form of sets of
numbers. Quantitative data includes sets of measurements and numbers used to
summarise those sets. Quantitative data can be discrete or continuous. Scientists use
different methods to collect and analyse discrete and continuous data.

Discrete data

Discrete data is data you can count. If you count the number of flowers within a set
area, or the number of birds in a gum tree, or the number of stars you can see, you are

collecting discrete data.

Organising discrete data

As we saw in Module 1.10, discrete data is often presented in column graphs. Figure 2.2.1
shows an example of discrete data presented in a column graph.

Population of Australian capital cities on 30 June 2021

6 000 000 —
5000 000 —
= 4000 000 —
L
s
2 3000000 —
[=]
a
2000 000 —
1000 000 —
0= N @ @ S &SR
ST e T
D O & NI
Australian capital city
A FIGURE 2.21  Discrete data presented in a column graph

64 Science in Focus | Stage 4 NSW

We also often use tallies and frequency distribution
tables when we collect discrete data. Figure 2.2.2a
shows a tally of 15 values organised into five class
intervals. Imagine these are the marks that 15
students achieved in a science test.

The frequency column shows how often values in

a class interval occur. To work out the number of
class intervals to use, you first work out the total
range of the values (by considering the largest

and smallest values). In the example shown in
Figure 2.2.2, values range from 2 to 25. Because 5
divides 25 evenly, it is a good choice for dividing the
values into groups. So, the first group is 1 to 5, the
second 6 to 10, and so on. The last column in the
table is a cumulative frequency column. You can
present frequency distributions as a histogram, as
shown in Figure 2.2.2b. Unlike the column graph in
Figure 2.2.1, there is no space between each group
in a histogram.

9780170484114



a b
54
Sample 1 values: 21,18, 19, 8, 2, 20, 3,22, 14, 22, 24,13,12, 24,12
Frequency of values grouped into 5 intervals. 4+
Values Tally marks Frequency Cumulative Z 3.
frequency S
Il :'.,-
1=5 2 2 £ 24
6-10 I 1 3
14
11-15 I 4 7
0-
16-20 Il 3 10 I T T T T T
0 5 10 15 20 25
21-25 Hit 5 15
Sample 1

A FIGURE 2.2.2 (a) A frequency table and (b) a histogram for 15 selected values

Other graphs you can use for displaying discrete data like the students’ test scores are
scatter plots and stem-and-leaf plots (Figure 2.2.3a), which separate the digits of a data
value into a stem (first few digits) and a leaf (usually the last digit). Pie charts can also
be used to display discrete data (Figure 2.2.3b). It is usually easier to interpret discrete
data using a column graph or a histogram rather than a pie chart.

Student test results

1-5 W 6-10 [ 11-15
16-20 | 21-25

A FIGURE 2.2.3  You can also present discrete data in (a) stem-and-leaf plots and (b) pie charts.

Continuous data

Continuous data is data you can measure. Examples of continuous data include height,

length, mass and temperature. Continuous data is called ‘continuous’ because it can take

an infinite number of values between any two values. For example, imagine you measured infinite

the length of a piece of wire as 33 millimetres (mm). It is likely that the wire’s true length is endless, without limits
not exactly 33 mm and could in fact be something like 33.43125mm! So, while the values of

33 and 34 millimetres appear close to each other on a ruler, there is an infinite number of

values between them.
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consecutive

following one another

in order

dataset

a collection of related

data

66

Measuring continuous data

In science, there is always the possibility of a small error in measurement. We assume

it is equal to half the smallest unit on our measuring device. So, if a ruler measures in
millimetres, we assume the true measurement may be up to half a millimetre either side
of the measurement.

In the science laboratory, we use different instruments to measure the different properties
of objects and substances, such as length, mass, volume, temperature and time. We measure
each of these properties using different units. All these measurements are continuous data.

Organising continuous data

The graph used most often for continuous data is the line graph. We can also use
histograms to represent continuous data if we first organise the data into consecutive
class intervals.

Continuous or discrete data?

The easiest way to check if data is continuous or discrete is to determine if you can
measure it (continuous data) or count it (discrete data). You can test this by halving the
unit of measurement and seeing if it still makes sense. For example, if you measured
something that took 6seconds in an experiment, then half of a second makes sense.
(Figure 2.2.4a). Therefore, measuring time gives you continuous data. But if your
experiment involved counting live fish in an aquarium, then half of a fish really does not
make sense (Figure 2.2.4b). The number of fish is therefore discrete data.

burnel1/Shutterstock.com

A FIGURE 2.2.4 (a) Time measured in seconds is continuous data; (b) the number of fish in
an aquarium is discrete data.

Datasets and tables

A dataset is a collection of related data. When we perform an experiment to collect
data, or summarise data from secondary sources, we organise the data and create a
dataset. Every column in your table should represent a particular variable and each
row represents a single record. For example, Table 2.2.1 shows the data measured for
10 out-and-back swings of a pendulum measured three times for each different length
of a pendulum. The time for 10 swings is the dependent variable (the variable you're
measuring), and the length of the pendulum is the independent variable (the variable
you’re changing).

Science in Focus | Stage 4 NSW 9780170484114
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v TABLE 2.21  How the time for 10 swings of a pendulum changes with the length of
the pendulum

Time for 10 swings out and back (seconds)

Length (m)

Trial 1 Trial 2 Trial 3 Average
0.30 11.04 11.00 10.98 11.01
0.51 14.30 14.33 14.30 14.31
0.70 16.89 16.76 16.74 16.80
0.89 18.92 18.90 18.93 18.92
1.10 21.07 21.05 21.02 21.05

In data science, a well set-out table of results is important. Poorly structured tables may
lead to errors in your analysis and conclusions.

Statistics and continuous data

We refer to the numbers that summarise datasets as statistics. A statistic is a value Statlistig ed
1 . o e . a value aerivea rrom a
derived from a dataset, such as a mean or a maximum value. Statistics is also the dataset, such as a mean
name of a mathematical branch of science that deals with the collection, analysis and or a maximum value
statistics

interpretation of numerical data. the mathematical branch

of science dealing with
the collection, analysis
e LEARNING CHECK and interpretation of
numerical data
1 Define quantitative data.

2 What sort of data do you collect using instruments such as rulers and thermometers?

3 Identify whether the data in the table below is continuous or discrete. Justify
your reasoning.

Nitrogen concentration Number of organisms in the microscope field of view
(mg/L) Count 1 Count 2 Count 3 Average
0 15 13 14 14
85 11 10 21 14
70 45 21 61 42
140 74 85 63 74

4 Identify two types of graphs you can use to represent continuous data.

5 Construct a graph using the data in the table above to show how the average number of
organisms changes with increasing nitrogen concentration.
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BY THE END OF v describe how qualitative data is collected and used

THIS MODULE, YOU . . - L
WILL BE ABLE TO: v identify sources of qualitative data used in science.

GET THINKING

a Figure 2.3.1 is a photo of a type of g
0‘: penguin. Can you describe this animal? 3
Are there things we study that are easier E

Maths in science to describe with images or words rather z
video . q 2

IQ scores than numbers? Make a list and share it g
with a partner. %

Interactive resource
Label: Penguin data

A FIGURE 2.31  How could you describe this
penguin?

Qualitative data is important in developing many scientific ideas. Biological
classification, for example, is based on the qualitative description of organisms and the
grouping of organisms with similar features. How could you summarise the features of
the penguin in Figure 2.3.2a, compared with the three other species of penguins shown
(Figures 2.3.2b, c and d)? You can use measurements as part of the description, but
overall, the description is qualitative data.

sunsinger/Shutterstock.com

Ondrej Prosicky/Shutterstock.com

A FIGURE 2.3.2  You can describe and compare four species of penguins using qualitative data:
(a) rockhopper penguin; (b) Gentoo penguin; (c) king penguin; (d) little penguin.
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Sources of qualitative data

Qualitative data is descriptive, non-numerical information that relates to a quality, type, non-numerical

. .. o . . C . information or a quality
choice or opinion. There are many sources of qualitative data (Figure 2.3.3). In investigations, i 0\ &
we can collect qualitative data ourselves or we can use data collected by others.

Written Visual and audio Physical
o Surveys e Sound and o Physical models
e Questionnaires video recordings e Specimens (plants,
o Journals, notes e Maps rocks, insects etc.)
and diaries e Photographs
e Case studies o Labelled drawings
o Essays, textbooks, e Diagrams
magazines and « Infographics
newspapers
o Websites

A FIGURE 2.3.3  Examples of sources of qualitative data

Qualitative data in investigations

Qualitative data is important in laboratory investigations. It provides us with information
that numbers alone cannot. It is important you write notes on what you observe in an
experiment, even if most of the investigation is about gathering quantitative data. You
may observe something that helps explain a trend or unusual measurement in your
quantitative data. For example, noting that there was a breeze when someone entered
the room may help explain changes in the heat produced by a Bunsen burner flame.

We rely on our senses, particularly sight, hearing, touch and smell, when making
qualitative observations in a laboratory. For safety reasons, we don’t use our sense of
taste. For example, in a chemical experiment you might feel a test tube becoming warm,
see a colour change, see and hear bubbles form, and smell a gas being produced. Put
together, all these qualitative observations make a qualitative dataset.

Qualitative data about a place or a situation may vary between observers. The way we
describe the world depends on how our senses work and our own experience. Like
many aspects of science, the quality of our observations often improves with practise
and experience.
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A FIGURE 2.3.4  Photographs are one of
the many types of qualitative data collected
during fieldwork.

data scientists

people who use scientific
skills to analyse and
interpret complex

digital data

case study
an in-depth analysis of an
issue or situation

Collecting qualitative data

You can collect and record qualitative data in many ways. You
can make observations in the form of text, images, videos or
audio recordings (Figure 2.3.4). Interviews generate qualitative
data, as do surveys and questionnaires. Online communities,
social media platforms and online stores generate a lot of
qualitative data.

Data scientists analyse large amounts of data to find trends
and patterns. For example, data scientists use the vast amounts
of data on the internet to study behaviour. If you use a music
streaming platform, it will record and store what you play

and search for. By comparing your data against data from millions of other users, the
platform can predict what other songs or musicians you might like.

Processing and analysing qualitative data

Analysing qualitative data involves interpretations and judgements. To summarise large
amounts of qualitative data, we can group the information into categories. Table 2.3.1
describes three forms of qualitative data you might use in your investigations.

TABLE 2.314  Types of qualitative data

Data type Definition Example

Binary A variable that is either In geology, a volcanic rock may have evidence of
present (1) or absent (0) gas bubbles, or it may not.

Nominal A variable that is from a set In biology, there are different types of primates:
of categories lemurs, baboons, humans, apes, monkeys.

Ordinal A variable that can be ordered A common form of ordinal data is the five-point

scale used in questionnaires: ‘strongly agree’,
‘somewhat agre€’, ‘neither agree nor disagree’,
‘somewhat disagree’ or ‘strongly disagree’.

Qualitative data is usually summarised and presented in a table, column graph, pie chart
or written summary.

Multiple sources of qualitative data are often used when research is presented as a
case study, which is a detailed analysis and description of a particular issue or person.

Graphs and pie charts summarise the groups or categories identified in an investigation.
Some chart types are easier to interpret than others. In Figure 2.3.5, the dataset
represented in the pie chart and the column graph is the same. It is easier to see numbers
for each category in the column graph, so use column graphs in preference to pie charts.
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Creek macroinvertebrates Creek macroinvertebrates
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A FIGURE 2.3.5 A pie chart and a column graph showing the same dataset, a summary of the macroinvertebrates identified in
a stream

@ LEARNING CHECK

State the definition of qualitative data.

2 Describe three sources of qualitative data you might gather during a science
investigation.

3 Explain why a map is a form of qualitative information.

4 Reorganise the table below so it correctly describes the features of qualitative and
quantitative data.

Qualitative data Quantitative data

Based on numbers Descriptive

Based on information from the senses Countable or measurable

Use of surveys, written text and images Use of instruments and units of measurement
Analysed using statistics to describe Analysed by grouping data into themes or
features and trends categories

5 In a science investigation, you collect the following data:
i The blue liquid has a sweet smell.
ii The green liquid is hotter than the blue liquid.
iii The blue liquid has 3 mL more volume than the green liquid.
iv The rock sinks to the bottom of the beaker in both liquids.
v Bubbles form in the green liquid.
vi The temperature of the green liquid is 42°C.
a Which of the data is qualitative? Justify your answer.

b Could you change any of the qualitative data collected into quantitative data? How
would you collect the data?
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BY THE END OF
THIS MODULE, YOU
WILL BE ABLE TO:

«l
o‘:

Maths in science
video
Origin of pie charts

Quiz
Data use in science

reliable
consistent; able to be
trusted

replicated
repeated to obtain similar
results

validity

the extent to which an
investigation tests a
hypothesis

peer review

evaluation of scientific
work by other experts to
assess validity and quality

qushe/Shutterstock.com

v compare data collected from scientific inquiries with data from non-scientific
approaches

v describe a range of data sources and their applications.

GET THINKING

Rock pools are a rich source of
information. What makes the
observations and measurements from a
rock pool scientific? How is scientific data
different from a simple photograph or
information in a poem?

Vara |/Shutterstock.com

A FIGURE 2.41  An ocean rock pool

The nature of scientific data

Scientists use many forms of data to test ideas and create new knowledge about the
world. New scientific knowledge is used for a variety of purposes because it is reliable.
We can use data scientifically to:

improve our understanding of things
® solve everyday problems
® develop new technology

e provide useful information for governments to address social, health, environmental
and economic issues.

Data produced by scientific processes is reliable because these processes can

be replicated. We can repeat an experiment if it has a good method and careful
measurement. If an experiment is repeated many times and similar results are
produced, scientists gain confidence in the data. In turn, the
scientific community accepts scientific ideas generated from
reliable data because these ideas are supported by evidence and
tested predictions.

To ensure the validity and quality of new scientific knowledge,
scientific reports are put through peer review. Peer review means
that a panel of experts in the subject evaluate the written report
of the scientific work before it is published. If a science paper
passes peer review, it may be published in a scientific journal

AFIGURE2.4.2  Journals record scientific (Figure 2.4.2). Peer review helps to ensure scientific knowledge is

data and advances.

based on scientific processes and good data.
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Science versus pseudoscience

Pseudoscience refers to beliefs or practices that claim to be scientific but have not been pseudoscience

. . . . . . . . id tices that
supported by fair tests. Experiments testing pseudoscience ideas either fail to provide L,:ﬁf] fg Erea:cli(;?ificabut
supporting evidence or yield results that cannot be reproduced. Pseudoscience often do not have scientific

evidence to back them
produces questions that are not testable. For example, “‘What makes people grow best?’

is not testable because it is too general (it involves many variables rather than a single
variable) and ‘best’ is not measurable.

Astrology and phrenology are examples of pseudoscience. Astrology is a set of beliefs
linking movements of planets to events on Earth or human traits. Phrenology was the
study of the shape of the skull and its supposed link to such things as intelligence and
personal traits. Both astrology and phrenology are not supported by scientific evidence.

Many of the arguments or data used as evidence to deny climate change are also

pseudoscience. Climate change denial refers to theories that propose there is no such climate change denial
thing as climate change that is caused by humans. Some of these theories deny that :Lerﬁgﬁz :::tcii'gng
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