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How to use this resource

Elements in the print book

Glossary
Definitions of key terms are provided next to where the key
term first appears in the chapter.

Explore!

Students are encouraged to conduct
research online to find and interpret
information.

Quick check

These provide quick checks for recalling facts
and understanding content. Cognitive verbs
appear in bold. These questions are also
available as Word document downloads in
the Interactive Textbook.

Learning goals
These are descriptions of what the student
will learn throughout the section.

These are short facts that contain
interesting information.

Science as a human endeavour

These are recent developments in the
particular area of science being covered.
They may also show how ideas in science
have changed over the years through
human discovery and inventions.

Section questions

Question sets at the ends of sections are categorised under five headings: Remembering,

Understanding, Applying, Analysing and Evaluating. Cognitive verbs appear in bold.

These questions are also available as Word document downloads in the Interactive Textbook.

Hands-on activities

Classroom activities help explore concepts that are currently being covered.

Making thinking visible

Visible-thinking-style classroom activities help consolidate the concepts currently being covered.

Practical/Investigation

These activities focus on developing science inquiry skills, including using laboratory

equipment. Practicals can be conducted within one lesson, while Investigations are longer

and cover more areas of the experimental design. These activities are also available as Word

document downloads in the Interactive Textbook.

Worked example

Worked examples are provided for topics that require calculations, or to reinforce important skills.

Shaw et al.
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End-of-chapter features

Chapter review

Chapter checklist

Success criteria Linked
question
1.1 | can recall the steps of the scientific method. 9
1.1 | can define primary and secondary sources of information, and 1,4
utilise the CRAAP test to assess secondary sources.
1.1 | can construct a scientific hypothesis, including independentand 2
dependent variables.
1.2 | can construct a step-by-step experimental method. 1a
1.2 | can describe the importance of a risk assessment. 11b
1.2 | can suggest some ethical guidelines a scientist must follow when | 8a
using human and animal participants in experiments.
1.2 | can outline how experimental errors can be minimised. 6
1.3 | can classify quantitative data as either continuous or discrete. 8b, 8¢
1.3 | can calculate the mean, median, mode and range of data. 8d
1.3 | can plot a line graph and a line of best fit. 5, 10a, 10b, 10c
13 | can identify trends present in graphical representations of data. | 7a, 7b, 7c,
7d, 10d
1.4 | can discuss the reliability and validity of experimental results. 3, 8e
1.4 | can communicate findings by constructing a scientific conclusion. | 7e, 10e

Data questions

Applying

1. The table below shows the effect of changing the pH of a pond on the number of tadpoles
in the pond.
Table showing the number of tadpoles according to the pH of pond water

Number of tadpoles

pH of water Trial pond 1 Trial pond 2 Trial pond 3
8 45 44 43
75 69 71 70
7 78 80 81
65 88 85 &
6 43 43 43
55 23 24 5

a) Identify the independent and dependent variables in this study.
b) Identify the optimum pH for tadpole survival.
c) Identify an outlier in the data.

r2 GENETICS y: DESIGNING AND PROTOTYPING AN ASSISTIVE DEVICE 117

STEM activity: Designing and prototyping an "?'mﬂ" and feasibility

assistive device for individuals
with a genetic disease

Background information
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Chapter checklists help students
check that they have understood
the main concepts and learning
goals of the chapter.

Chapter review question sets
are categorised under five
headings: Remembering,
Understanding, Applying,
Analysing and Evaluating.
Cognitive verbs appear in
bold. These questions can be
completed in the Interactive
Textbook or downloaded as
Word documents.

Data questions help students
apply their understanding, as
well as analyse and interpret
different forms of data linked
to the chapter content. These
questions can be completed
in the Interactive Textbook
or downloaded as Word

documents.

STEM activities encourage
students to collaboratively
come up with designs and
build solutions to real-world

problems and challenges.
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Links to the Interactive Textbook (ITB)

M T

VIDEO WIDGET These icons Quliz SCORCHER Thesg icons
These icons These icons indicate Automarked Competitive lndlC?te
indicate that indicate that worksheets, quizzes can questions can questions

there is a there is an activities or be found in be found in can be )
video in the interactive question the Interactive the Interactive completed in
Interactive widget in the sets can be Textbook for Textbook for workspaces in
Textbook. Interactive downloaded every section. every chapter the Interactive
Textbook. from the review. Textbook.
Interactive
Textbook.

Overview of the Interactive Textbook

The Interactive Textbook (ITB) is an online HTML version of the print textbook, powered by the Edjin
platform. It is included with the print book or available as a separate digital-only product.

... Quizzes contain Worksheets are provided
Definitions pop
automarked questions that as downloadable Word
up for key terms
. enable students to quickly documents.
in the text.
check their understanding.
T v
Sow tapics *
T ] Gen R <N
© e [} workahee 2.1 otub strocnure [£) Warkshest 202 Probein syrstesis I thié le3son
i 2.1 Introduction to genetics and DNA S .
+- Darwcims tasks whgets )
. isoirants Leamning goals e— &
Videos summarise, T s et s, b1 —s
n Nory semTe L5
clarify or extend student ety :
11 gy ponimaris
knowledge. Eua
Inhertance.
0 spechy T3
accompanied by
questions that encourage
independent learning
and observations. Extracting DNA from cells sl A
Aim Wear safety glasses and a lab
To investigate and extract DMA from strawberries coat. Do not consume food items.
Materials
« plastic sandwich bag (or other material to contain strawberry and Equid)
Practicals are available « stawberry
» DNA extraction mixture provided (10 mL)
as Word document o filter funnel and gauze {or other gauze-style filter)
downloads, with sample peprumnection
= test tube (or small beaker)
answers and guides for S
= plastic pipette
teachers in the Online S —
Teaching Suite. » dishwashing liquid or shampoe (5 mL}
« table salt (0.75 )
* water (45 mL)
Method
1. Wash the strawberry with tap water and remove the green leaves. Add the strawberry to the plastic
sandwich bag.
2. Add the DNA extraction solution (10 mL) and close the sandwich bag. removing the excess air,
3, Squash the strawberry into the liquid using your hands until the strawberry is roughly crushed,
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their own work and rate their Ll S

confidence level in their work.
Student accounts can be linked
to the learning management
system used by the teacher in
the Online Teaching Suite.

Overview of the Online Teaching Suite (OTS)

The Online Teaching Suite (OTS) is automatically enabled with a teacher account and is integrated with

the teacher's copy of the Interactive Textbook. All the assets and resources are in one place for easy access.

The features include:

o the Edjin learning management system with class and student analytics and reports, and
communication tools

o teacher's view of students' working and self-assessment

o chapter tests and worksheets as PDFs and as editable Word documents with answers

« editable curriculum grids and teaching programs

o teacher notes (including suggested responses if relevant) for Practicals, Try this, Making thinking
visible, Explore! and STEM activities

 adaptive tools, including ready made pre- and post-tests and intuitive reporting.

o Reports © Last section viewed

=7 Next part
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Chapter 1
Science skills

Chapter introduction

Scientists use a systematic approach, known as the scientific method, when conducting experiments.
Researchers can analyse the patterns in their data and identify relationships between variables.
Scientists must validate their claims with scientific evidence. In this chapter, we will discuss how to
conduct an effective experiment, how to process and analyse data, and how to communicate your
results with the world.
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Concept map
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Scientists wonder

and predict

¢ Background
research and
evaluating sources

® Experimental

variables

e Constructing a
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Scientists are
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e Writing a method
e Risk assessment

e Ethics

® Minimising errors

Processing,
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Evaluating Communicating

Scientists communicate their

results

® Practical report and
scientific posters

e Discussing reliability and
validity of results

e Writing and validating a
conclusion

Scientists analyse their data

e Data types

e Statistical tools: measures
of centre and spread

e Displaying data in tables
and graphs

e Interpreting trends in
tables and graphs



Curriculum content

Questioning and predicting

investigable questions, reasoned predictions and hypotheses can be developed in
guiding investigations to identify patterns, test relationships and analyse and evaluate
scientific models (VC258101)

Planning and conducting

reproducible investigations to answer questions and test hypotheses can be planned and
conducted, including identifying independent, dependent and controlled variables where
applicable, stating assumptions, recognising and managing risks, considering ethical
issues and following protocols when accessing cultural sites and artefacts on Country and
Place (VC258102)

equipment can be selected and used to generate and record data with attention to

precision, using digital tools as appropriate (VC2S8103)

Processing, modelling and analysing

data and information can be organised and processed by selecting and constructing
representations including tables, graphs, keys, models and mathematical relationships
(VC2S8104)

information and processed data can be analysed to show patterns, trends and
relationships, and to identify anomalies (VC2S8105)

Evaluating

scientific methods, conclusions and claims can be analysed to identify assumptions,
possible sources of error, conflicting evidence and unanswered questions (VC258106)

evidence-based arguments can be constructed to support conclusions or evaluate claims,
including consideration of ethical issues and protocols associated with using or citing
secondary data or information (VC2S8107)

Communicating

communicating ideas, findings and arguments for specific purposes and audiences
involves the selection and use of appropriate presentation formats, scientific vocabulary,

models and other representations, and may include the use of digital tools (VC258108)

Victorian Curriculum v2.0 F-10 © VCAA 2024

Glossary terms

Accuracy Exponential Primary source
Anomalous Extrapolation Random error
Bar graph / column graph Independent variable Range

Bias Interpolation Reliability
Biodiscovery Investigable question Scatterplot
Biopiracy Line graph Scientific notation
Causation Mean Secondary source
Continuous data Median Systematic error
Controlled variable Mode Trend
Correlation Nominal data Valid

Cultural appropriation Ordinal data Validity
Dependent variable Origin Variable

Discrete data Outlier

Ethics Precision -
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Section 1.1 SCIENTISTS WONDER AND PREDICT

@ Scientists wonder and predict

Learning goals

At the end of this section, | will be able to:

1. Recall the steps of the scientific method.

2. Define primary and secondary sources of information, and use the CRAAP test to assess secondary sources.

3. Construct a scientific hypothesis, specifying independent and dependent variables.

Review of the scientific method

Using a shared scientific method allows scientists to follow a systematic approach. The scientific
method, outlined below, provides a framework for planning, conducting and analysing the results

so that they may be communicated more broadly.

Step 1. Observe and ask questions
Develop a good (investigable) research question that can be tested.

v

Step 2. Do background research
Find as much information as you can on the question. You should consider the quality and reliability of
your sources of information.

v
Step 3. Define variables and state a hypothesis
Construct a hypothesis. This is an educated guess about the possible answer to the research question
from your research. A well-constructed hypothesis will lead to a prediction, which is a statement that
describes what is expected to happen if the hypothesis is true. You should also state your independent,
dependent and controlled variables.

-

Step 4. Test the hypothesis with an experiment
You will need to write a method that can test a prediction from the hypothesis. It should include the materials
and apparatus used and the procedure in easy to follow steps. You should also write a risk assessment.

v
Step 5. Collect and record the data
During the experiment, you will collect data. It might be quantitative or qualitative data. You will display
these data in a meaningful way, using graphs, tables or diagrams.

v
Step 6. Analyse the data
Examine the tables and graphs of data. Analysing data can reveal relationships, trends and patterns.
Discuss your results in relation to your research hypothesis.

v
Step 7. Evaluate the data
This is a discussion of the reliability and validity of the experimental process, including any improvements
you would make or extensions that you would do if you were to repeat the experiment.

v

Step 8. Form a conclusion
This is an insightful interpretation of the data through a justified conclusion that is linked to the hypothesis.

v
Step 9. Communicate your findings
Scientists share their findings with the broader scientific community by writing a practical report or presenting
a scientific poster. Sometimes the conclusions raise more questions and can lead to further research.

ISBN 978-1-009-60327-0 Shaw et al. © Cambridge University Press & Assessment 2025
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Chapter 1

SCIENCE SKILLS

WORKSHEET
Conducting
research

investigable
question

a research
question that
can be answered
by conducting

a scientific
experiment

primary source

(of information) a
first-hand record or
account

secondary source
(of information)

a second-hand
account; a source
that summarises,
analyses or
interprets primary
sources

ISBN 978-1-009-60327-0

Background information research

The starting point of every scientific experiment is developing an investigable question,

conducting background research and forming a prediction that can be tested.

In Year 7, you learned about the types of observations and inferences that can be used to
formulate investigable questions about the world around you. The question must be relevant,
practical (you have the time and necessary equipment) and able to be answered by conducting a

scientific experiment.

Explore! 1.1

Ethical research

As well as being practical and relevant,
investigable questions must also be ethical.
When research involves experimenting on
humans or other organisms, there are ethical
guidelines that must be followed. This is
discussed in more detail in Section 1.2.

For example, your question might be ‘Does
eating food that has been left unrefrigerated

cause an upset stomach?’. Consider the
experiment. Would you be allowed to

Figure 1.1 Is deliberately feeding someone food that
has gone off an ethical experiment?

purposely cause a participant harm by
feeding them food that has gone off?

Use the internet to research the terms ‘informed consent’ and ‘non-maleficence’.

Once a research question has been decided upon, it is important that scientists do some
background research. This helps them to identify existing knowledge, and what similar questions

have already been answered by other scientists.

Scientists might review some primary sources of information. These might be data or information
that a researcher generated, or that the researcher collected directly from observations and surveys.

Primary sources of information are a first-hand record or account of information.

Secondary sources of information are more likely to be reviewed in background research.
Secondary sources summarise, analyse or interpret primary sources. When scientists refer to
secondary sources of information, they have access to the research and questions that have

been answered all over the world. However, when accessing secondary sources of information,
particularly those on the internet, it is important to evaluate the credibility of sources. The CRAAP
test (outlined later in this section) is one such tool for doing so.

When using secondary sources of information, it is essential that you cite the original source.

This not only keeps a record of where the original data or information came from, but it also
acknowledges the original owners of the work. A scientist can quote, review and discuss the
findings and ideas of another researcher. However, when it comes to publishing data, images or text
exactly as they were presented in a primary or secondary source, it is most likely that permission

must be sought from the original owners of the work.
Aboriginal and Torres Strait Islander Peoples are the rightful holders and knowledge-keepers of their
cultures, histories and ways of knowing. This means they are the primary source for this knowledge.

Shaw et al. © Cambridge University Press & Assessment 2025
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Section 1.1

Their voices and expertise must be central when engaging with Aboriginal and Torres Strait

Islander knowledge, practices and cultural sites.

It is essential that scientists recognise and respect the significance of this knowledge and work in
partnership with Aboriginal and Torres Strait Islander communities. This means following ethical
guidelines, ensuring free, prior and informed consent, and upholding community authority over
how their knowledge is used. By doing so, scientists contribute to meaningful collaboration rather
than engaging in cultural appropriation, where knowledge is taken without permission or used in
ways that disconnect it from its cultural context.

Science as a human endeavour 1.1

Science as a ‘'non-human’ endeavour
The internet is an amazing tool for sharing and searching for

0 @D < 0

= New chat +

Al Chat bot

information. Unlike search engines which return links to existing
websites, Al (artificial intelligence) powered chatbots such as
ChatGPT, use Large Language Models to understand a question

or prompt you enter and provide a response. It might be am your Assistant.

How can | help you today?

tempting to conduct background research using Al programs e

such as this, but beware: these programs don't just search, they
‘Does increasing the temperature

create. This means the accuracy of the responses they provide speed up a chemical reaction?”

is not always high. It is dishonest to use the words or ideas of "What s the role of the large

. . e . . intestine?’
others in your work and claim it is your own, without referencing

‘Write a practical report on

your sources. This is known as plagiarism. Schools and universities photosynthesis?

have access to software to inspect work for plagiarism and have
strict rules to ensure students are acting with academic integrity.

Figure 1.2 Al programs can provide
answers fast, but can we trust them?

Science as a human endeavour 1.2

Biodiscovery and traditional knowledge
Aboriginal and Torres Strait Islander Peoples’ ancestral knowledge often has commercial

applications, such as the use of medicinal plants in drugs and naturally occurring insecticides

in the development of products for use in agriculture. Biodiscovery acts govern the collection
and use of native biological material to prevent biopiracy, which is the commercial exploitation
of these resources. The United Nations (UN) has stated that Indigenous people around the
world have a right to benefit from their biological resources and ancestral knowledge. While
Australia recognises Aboriginal and Torres Strait Islander Peoples’ intellectual property, it has
not been formally established in laws.

Uncle Steve Kemp, a Ghungalu elder, runs a ‘bush pharmacy’ in Queensland, treating locals with
ancestral medicines. He uses the gumby gumby plant, or native apricot, which has been used for
thousands of years. The leaves can be boiled and drunk as a tea to treat colds and skin irritations.
In 2017, two non-Indigenous people unsuccessfully applied for a trademark to exclusively use the
name ‘'gumby gumby’. One of them already owns the patent (a legal protection for an invention)
for the process of making products from the leaf, but academics are now calling for this patent

to be reviewed in light of the trademark application being rejected. This case highlights the
challenges in regulating biodiscovery, the importance of Traditional Owners maintaining their
intellectual property and the right to commercially benefit from it.

ISBN 978-1-009-60327-0 Shaw et al.
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cultural
appropriation

use of cultural
knowledge, stories
or traditions without
acknowledgement
or consent,

often in ways

that ignore their
cultural meaning
and disconnect
them from the
communities they
belong to

biodiscovery

the collection

and use of native
biological material
(e.g. plants

and animals)

for commercial
applications

biopiracy

when naturally
occurring,
biological material
is commercially
exploited
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Chapter 1
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bias

when a source

of information

is influenced by
personal opinion or

Search techniques

A web-based search of your question might turn up an overwhelming amount of information. You
can refine your search by following the steps below:

1. Identify key words

A simple technique you can use to break down an investigable question is reading with a pen. See
Try this 1.1 for ways to do this.

Try this 1.1

Reading with a pen

Read your investigable question closely, underlining key phrases and words or phrases
you don’t understand. Put a question mark (?) next to something that sparks a question and an
exclamation mark (!) next to something that surprises you. Write important thoughts in the margin
or in a mindmap around the research question. These can inform your mini questions and guide
your research.

For example:

How does palm oil farming affectin Indonesia?

2. Break down your investigable question and develop specific and relevant mini
questions to answer

For example, some mini questions you could research based on the investigable question in
Try this 1.1 might include:

. What is palm oil?

. What is palm oil used for?

. Where is palm oil farmed?

How have palm oil practices changed over time?

Which animals are native to Indonesia?

. What are the effects of palm oil farming?

. What does biodiversity mean?

® N AW N~

. Who is responsible for monitoring environmental change in Indonesia?

3. Access sources of information

The internet is an effective resource for global sharing of information, but there are skills required
to use it effectively. You need to ensure the information you access (whether it is text, images or
videos) is correct and without bias. Consider whether the information is provided as an opinion
or a fact, and who the source is. For example, an oil company is likely to provide very different

information about the use of petroleum oil compared to a renewable energy organisation!

Judgement Table 1.1 and Table 1.2 show some search techniques and common file types that might assist
in your research.
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Search technique How? Example
Finding exact matches Use quotation marks to group search "palm oil farming”
for grouped words words together.
Search for exact matches Type: intitle:”search word” Intitle:"farming palm oil”

in titles or headings

Search for a file type (see Type: filetype:abbreviation for file type  Filetype:pdf”palm oil”
Table 1.2) “search word”

Try different spellings Sometimes words are spelled differently Colour (on Australian and
on US websites, so try spelling search UK websites) is spelled
words the American way. color on US websites

Try a variety of sources Google is not designed to bring the Google Scholar
most scientific pages to the front of Library search engines

your search, so try other search engines World Book
and databases. Databases to which your
school subscribes

Table 1.1 Search techniques

Use File type
Presentations pptx, pages, key, pez
Images jpeg, psd, png, tiff
Documents pdf, doc, pub

Table 1.2 Common file types and their uses

You should evaluate the credibility of secondary sources you access, such as books, articles and

Evaluating secondary sources
L&

websites, before you use the information. The CRAAP test takes into account the currency,

WORKSHEET
relevance, authority, accuracy and purpose of the source. When you use the CRAAP test, you give CRAAP test
each of these factors a score of 0, 1, 2 or 3. You then add up all the scores. You should aim to use
sources that have total scores of at least 13. Table 1.3 explains how to apply the CRAAP test. P

measuring

instrument
determines the
variable it is
measuring; it refers
to how close a
measurement is to
the true value

Figure 1.3 Secondary sources of information include physical resources such as books and journals, and online
resources.
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Description

C Currency: How old the information is

e When was the information published
or posted?

e When was the last time the information
was updated?

* Is any of the information out of date or
does it use old terms?

e Do the links work?

R Relevance: How well the information
matches what you are researching
Does the information answer your question
or link to the topic?
Who is the information aimed at?
Is the information worded at an appropriate
level for you to understand?

A Authority: The writer of the information
Who is the author/publisher/source/sponsor?
Have the authors stated why they are
experts? (Dr/Professor/experience)

What are the author’s qualifications in
the topic?

Is contact information provided, such as a
publisher or email address?

Does the URL reveal anything about the
author or the source?

Is the information linked to a biased
organisation?

A Accuracy: How correct or truthful the
content is
Where does the information come from?
Is the information supported by evidence?
Has the information been reviewed or
refereed by an expert?

Can you verify any of the information by
checking another source?

Is the writing free of emotion?

Are there spelling, grammar or other errors in
the writing?

Table 1.3 Applying the CRAAP test for evaluating sources

ISBN 978-1-009-60327-0

0

No date is
given.

There is no

relevance to
the topic I'm
researching.

No author is
identified.

There are
no links to
sources or a
citation list.
Information
is difficult to
understand,
contains
errors and
may be
incomplete.

Shaw et al.

Score
1 2
The The information
information has been
is over three  created or

years old;
no date of
revision or
update is
given.

It has a small
amount of
information
about the
topic I'm
researching.

The author is
identified, but
no credentials
are given.

There are
no links to
sources or a
citation list.
Information
contains
spelling and
grammar
errors.

updated within
the last three
years.

It has a large
amount of
information
about the topic
I'm researching.

The author is
named, and
their contact
details are
given. The
publisher is
identified.

There are links
to sources or

a citation list.
Information

is easy to
understand and
contains only
minor spelling
issues.

The
information
was created
less than
two years
ago. Sources
referenced
are current.

It can fully
help me
understand
the topic I'm
researching.

The author
and publisher
are identified
and
respected,
and all
contact
details and
credentials
are listed.

There are
links to
sources or a
citation list.
Information is
corroborated
with other
sources. It
contains no
errors and

is written
well and in a
concise way.
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Score
0 1 2
The purpose

Description

P Purpose: The reason the information exists It offers

The purpose

What is the purpose of the information? is biased and  is to persuade some factual

Do the authors make their intentions or therefore is or sell information,
purpose clear? personal. something to  but there
Is the information fact, opinion or propaganda? There may a reader. may be some

Is the information biased? be too much advertising.

Does the writer's point of view appear advertising.

objective and neutral?

Table 1.3 (continued)

Try this 1.2

Using the CRAAP test

The aim of this activity is to use the CRAAP test to assess the credibility of resources you find when
researching some mini questions. Use a search engine to investigate the following mini questions:
* What does adaptation mean?

e Why is it important for animals to have adaptations?

1. Copy and complete the following table.

Australian animal characteristics Animal 1 Animal 2

Common name

Scientific name

Where found in Australia

Description of habitat

Description of adaptation

How adaptation improves survival in habitat

List three examples of the search terms you used.
Compile a list of sources you used.
Choose three of the sources and score them using the CRAAP test.

ks wDd

Identify the best and worst sources of information you accessed.

Writing an aim

When writing a practical report, your research question may be rewritten as an aim. The aim is a
short statement that tells the reader the purpose of the experiment, and it should make reference to

the experimental variables. For example:
Research question: ‘Does the amount of water a plant receives affect how well it grows?’

Aim: To determine if the volume of water a plant receives affects its growth.

Variables

All the aspects or factors of an experimental procedure that could change are variables. The factor
you do change (or allow to change) is the independent variable, and the dependent variable is
the one that is measured due to the change in the independent variable. All other variables, known
as the controlled variables, must stay the same. If they are not appropriately controlled (kept
constant), then the changes observed in the dependent variable may not have been caused by the

independent variable, and you have not conducted a fair test.

ISBN 978-1-009-60327-0 Shaw et al.
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3

The purpose
is to present
factual
information
in a balanced
way.

variable

a factor in an
experiment with a
value that varies or
can be changed

independent
variable

the variable in an
experiment that
you change or
allow to change, so
it causes change

in the dependent
variable (which you
measure)

dependent
variable

the variable in an
experiment that
you measure (to
see if the changes
to the independent
variable have
caused it to
change)

controlled variable
a variable in an
experiment that

is kept constant

so that it does not
cause a change

in the dependent
variable
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For example, an experimenter might be interested to see if the volume of water
affects the growth of a seed sprout. Three seeds are planted and placed in a well-lit
room. One seed is provided with weekly water, one with daily water, and one with

no water at all after the initial planting. After two weeks, their height is measured.

The variables in this experiment are as follows:

o Independent variable: volume of water provided (in millilitres)

o Dependent variable: length of a seed sprout (in millimetres)

o Controlled variables: level of sunlight exposure, seed type, soil type, amount of

Figure 1.4 A seed sprouts and
grows in length soil/pot size, time interval between planting and measurement of length.

When considering variables, it is important to think critically about assumptions you may have
made. Variables such as room temperature or humidity are often assumed to be constant, but they
may fluctuate over the course of an experiment. Unless you are actively monitoring and controlling
the temperature of the room, then you cannot state that it is a controlled variable. If you’re not sure
if the variable is fluctuating, then you should err on the side of caution and measure, record and

control the variable in question. This makes a good point of discussion when evaluating your results.

Note that some scientific investigations may consist of collecting data by observation of the
independent and dependent variables as they occur naturally in the environment. This is known as
fieldwork and is not considered an experiment. For example, if the research question is ‘Do soldier
crabs inhabit rocky shorelines?’, the independent variable is the nature of the shoreline - rocky or

not — and the dependent variable is soldier crabs — present or not.

Constructing a hypothesis
3

Once you have defined your research question/aim, conducted your background research and

WORKSHEET defined your variables, then you can construct your hypothesis. This is a short ‘If ... and then ...’
Variables and
hypotheses statement that makes a prediction regarding the relationship between the independent and

dependent variables. This prediction can be tested with an experiment.

If the increases/decreases, then the will increase/decrease.
Choose Choose
Write Write
independent dependent
variable here variable here
Go online to Section 1.1 review
access the . .
ArrErEEie Online fom—" Section oo} Teachers can Q..
ractive. ; . § ! @
section review quiz questions &y W% assign tasks
and more! and track results
Section 1.1 questions
Remembering
1. Define a primary source of information and give an example.
2. Define a secondary source of information and give an example.
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Understanding
3. Outline the effect of a poorly controlled experimental variable.
4. Explain the domains a CRAAP test assesses by copying and completeing this table:

Domain What is being assessed?
Currency
Does the information address your research question? Is it written for the
right audience?
Authority Who is the author and are they appropriately qualified?
Accuracy

Is the information fact or opinion? Are the author’s intentions clear? Is the
information free from bias?

Applying

5. A student wants to see if writing all his homework in his diary every day will increase his
homework scores. For one term, he records all homework in his diary daily. In the next term, he
does not record any homework. He compares his homework scores for each term. Identify the:
a) independent variable in this experiment
b) dependent variable in this experiment.

6. Sequence these steps of the scientific method in the correct order:

* test the hypothesis with an experiment e form a conclusion

e define variables and state a hypothesis * do background research

e analyse the data e collect and record the data
* evaluate the data e communicate your findings

* observe and ask questions

7. Read the following description of an experiment:
Two beakers were labelled A and B.
10 g of crumbled marble powder was added to beaker A,
along with 20 mL of hydrochloric acid. The experimenter
recorded the time taken in seconds until the marble powder
completely dissolved.
10 g of marble chunks were added to beaker B along with
20 mL of hydrochloric acid. The experimenter recorded
the time taken in seconds until the marble chunks

completely dissolved.
a) ldentify the independent variable.

Figure 1.5 Beaker A shows a faster reaction rate than
beaker B.

b) Identify the dependent variable.
c) Identify three variables that should be controlled.
d) Construct a hypothesis for this experiment.

Analysing
8. Identify the error in this hypothesis:
If the room temperature (in °C) increases, this can affect a plant.

Evaluating

9. Justify why a website would be considered biased if it reported on the health effects of
consuming sugar but was sponsored by a snack food company. Refer to the CRAAP test
domains in your answer.
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@ Scientists are systematic
and safe

Learning goals

At the end of this section, | will be able to:

1. Construct a step-by-step experimental method.

2. Describe the importance of a risk assessment.

3. Suggest some ethical guidelines a scientist must follow when using human and animal
participants in experiments.

4. Outline how experimental errors can be minimised.

So far, you have learned about how scientists define a research question, conduct background
research and make predictions about relationships between variables. We will now consider the
methodical ways in which a scientist conducts their investigation to ensure a fair test and valid

experimental results.

Writing a method for the experiment that you are going to carry out is not just for your reference;

Writing a scientific method
3

WORKSHEET it is for the reference of all other scientists who might want to carry out an experiment similar
Writing a . . .
method to yours in the future. Because of this, a method must be a clear procedure of actions that can be

carried out in the exact same way anywhere in the world.

Some conventions to follow when writing a method for your experiment:

o Write each step in order.

o Number the list of steps, starting with 1.

o Include names of specific equipment used.

o Include exact measurements of quantities used, for example, mass or volume.
 Indicate how the independent variable is changed and the dependent variable measured.
o Indicate key variables that are controlled.

o Include the number of repeat trials carried out.

o Use the third person passive voice and past tense.

Explore! 1.2

The passive voice

Professional scientists communicate their experimental and investigative findings in peer-reviewed
journal articles. These articles undergo a rigorous evaluation process by experts in the field before
being published, ensuring the reliability and quality of the research. The style of writing that all
scientists have in common is they use the past tense passive voice and write in the third person,
particularly when writing an experimental method.

For example, a high school student might write:

® You need to fill a 100 mL measuring cylinder with water.
However, the style of writing used in contemporary journal articles would be:
e A 100 mL measuring cylinder was filled with water.

Use the internet to identify the grammatical rules for writing in the passive voice and third person.
Can you see those rules followed in the example above?
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Conducting safe experiments

Even if you perform experiments carefully, they all carry an element of risk. It is not sufficient to
just ‘be safe’ in the science laboratory. Before you begin conducting your experiment, you should
complete a risk assessment to demonstrate your knowledge of the risks and your consideration

around how they can be avoided or minimised.

Risk assessments

An example risk assessment is shown in Table 1.4. Many risks will be obvious to you: you will
already know the hazards associated with using glassware or electricity in the lab, but you may

not be fully aware of how dangerous different chemicals are. When writing your risk assessment,
you will have to use a safety data sheet (SDS) to provide information about the risks associated
with every chemical you use. This sheet outlines any dangers the chemical presents, how you can
minimise or avoid any risk to yourself when using it and the appropriate action to take if you are
exposed to the chemical (such as recommended first aid). Table 1.5 shows some of the information
that can be found on the safety data sheet for hydrochloric acid.

Hazard Risk Risk management
Broken Cuts from  Keep glassware away from the edge of tables. Ensure care is taken
glass handling ~ when handling glass equipment. If any glass is broken, inform a
teacher. Do not try to clear it up yourself.
Bunsen Burns Ensure appropriate personal protective equipment is worn.
burner Do not leave the flame unattended. Ensure it is cool before handling.

Check that the gas valve is off when you have finished with it.

Table 1.4 An example of a simple risk assessment

Substance Hazard Explanation of hazard
Hydrogen chloride Adverse effects if inhaled.
gas May cause irritation of

Fﬁ’/ respiratory tract, shortness
& =T of breath, chest pain and
even death.
Corrosive, health hazard

Concentrated Corrosive to skin and eyes.
hydrochloric acid Vapour or aerosols (droplets
(>6.8 mol L) Fﬁ}/ in air) may irritate the

. = respiratory tract and lungs. It

may also cause serious burns.

Corrosive, irritant

Table 1.5 An example of a simple SDS for hydrochloric acid. Usually, companies will have a much more
detailed and extensive SDS accompanying chemical products.
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Substance Hazard Explanation of hazard
Moderate May cause irritation of eyes,
concentrations of skin and the respiratory tract.
hydrochloric acid
(2.7 mol L' -

6.8 mol L)

Irritant
Dilute hydrochloric May cause irritation of eyes
acid (<2.7 mol L") and any existing cuts in

the skin.

Potential irritant, low hazard

Measures for reducing risk

® Use the lowest concentrations required.

e Use the smallest volume necessary.

* Wear personal protective equipment: gloves, protective clothing, eye protection,
face protection.

* Do not breathe in the vapour.

e Use in a well-ventilated area, e.g. use a fume cupboard for concentrated solutions.

Emergency response

e [finhaled: assist person(s) affected to fresh air and ensure breathing is comfortable.
* In eyes: rinse thoroughly with water for several minutes.

e On skin: remove all contaminated clothing. Rinse skin with water or shower.

e |f swallowed: rinse mouth.

e Call 000 if the person is feeling unwell.

Table 1.5 (continued)

Quick check 1.1

1. Recall what SDS stands for.

2. Assess whether the following statements regarding an SDS are true or false:
a) An SDS will tell you if the chemical is appropriate for the experiment.
b) An SDS will outline some of the physical properties and dangers of the chemical.
c) An SDS will outline suggested first aid if you are exposed to the chemical.

Conducting ethical experiments

ethics Ethical guidelines provide some standards that scientists must adhere to in order to conduct
the standards used
to guide what is themselves in a culturally and socially acceptable manner. Managing risk involves making sure no

considered as . .. . . . . .
acceptable conduct harm comes to the experimenter or participants in the experiment (including psychological harm

from being deceived during the experiment). This is just one ethical principle that must be adhered

to when scientific investigations involve humans and animals.
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Some other specific principles that apply include:

+ Informed consent. Participants are informed about the procedures and risks involved in the
experiment. Scientists must ensure that information is presented in ways that participants can
understand, so that their consent is fully informed.

» Voluntary participation and the right to withdraw. Participants agree to participate without
being pressured to do so and can choose to exit the experiment or have their data removed at
any stage. For Aboriginal and Torres Strait Islander participants, ensure that power inequalities
between researchers and participants are addressed. Power inequalities including racism impact
the actions of Aboriginal and Torres Strait Islander participants.

+ Confidentiality. All data should be deidentified (e.g. assigned to a label like ‘Participant 4’

rather than the person’s name) and stored securely.

Experiments involving human or animal participants will require approval from an ethics board
before they can be conducted. Ethical considerations for Aboriginal and Torres Strait Islander
participants should involve Aboriginal and Torres Strait Islander representation on ethics boards.

When conducting fieldwork, it is critical that scientists display respect for both the natural
environment, and for Aboriginal and Torres Strait Islander Peoples’ heritage sites. In the event that
an artefact of cultural significance is found, it is mandated by law that you leave it undisturbed and
report the finding to the Victorian Aboriginal Heritage Council.

Destruction of sacred sites

Mining company Rio Tinto faced widespread criticism and
condemnation in 2020, after the destruction of two 46000-year-old
Aboriginal cultural sites and Juukan Gorge in the Pilbara region of
Western Australia. The blasting of the sites for mining purposes was
approved in 2013, prior to the significant archaeological discovery of
the oldest example of bone tools found in Australia, made in 2014.
This decision ignored the cultural knowledge expressed by Puutu
Kunti Kurrama and Pinikura Peoples. Aboriginal communities, along

with the Australian Government and other organisations, have called
Figure 1.6 An open-cut iron ore mine in the

for a review of the Biodiversi nservation A nsure greater . : )
or a review of the Biodiversity Conservation Act to ensure greate Pilbara region of Western Australia

protections for sacred sites and prevent further tragedies.

Making thinking visible 1.1

Think, pair, share: Environmental impact

Scientists are engaged in fieldwork to monitor water quality in Antarctica. There

is the potential for local environmental impacts through travel, pollution and

disturbing wildlife populations such as nesting areas and breeding sites.

1. Think of some ways a scientist or research team might minimise the impact
they have on the environment. Consider travel to the region, practices at the
research station and how they conduct themselves during fieldwork.

2. Pair up with a partner and share your thoughts.

3. Share as a class and identify five top tips that a research team should implement. ~ Figure 1.7 This scientist working on
the Antarctica Peninsula must take

The Think, pair, share thinking routine was developed by Project Zero, a research reasonable steps to minimise their
centre at the Harvard Graduate School of Education. environmental impact.
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valid

the experiment
suitably addresses
the research
question and
measures what it
intends to measure

causation

one event is caused
by another event
occurring

correlation

a measurement of
the relationship
between two
variables; how one
changes relative to
the other

precision

how close
measurements
repeated under the
same conditions are
to each other

ISBN 978-1-009-60327-0

Conducting valid experiments

Experiments must be conducted in a safe and ethical manner, but they must also yield valid
results. In Year 7, you learned about the concept of a fair test: a well-designed experiment where
only the independent variable is changed, and all the other variables that might have an impact
are controlled. This is essential if scientists are to claim there is a causal relationship between the
independent and dependent variables.

Many research questions are a question of causation. For example, we have previously considered
whether the volume of water provided to a seed sprout influences its growth. The research question
is whether increasing water volume causes the seed sprout to grow longer. All other experimental
factors (such as the level of sunlight and duration of growth) must be controlled to ensure it is

not their impact that is affecting the dependent variable. If they are not kept constant, then the
scientist’s claim is not credible. Establishing definitive causation is very difficult. Even if there is an
obvious pattern in the data, there is always the chance that it arose due to chance or the influence
of a third variable that was either not controlled or not even considered! The mathematical term
correlation measures the association between two variables and describes how one variable changes
in relation to another. You can observe a strong correlation between variables when there is a
consistent pattern in the data: for example, sprout height increases as the volume of water provided

increases. This statement does not imply a causative relationship.

Minimising errors

Selecting appropriate equipment

It is important to select and use equipment with the necessary precision for accurate observations
and measurements. For instruments with finer graduations, rounding up or down can be done to
record data with the required precision. In cases where graduations are coarser, an intermediate
value needs to be estimated.

— 19
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Figure 1.9 A conical flask has coarse gradations,
where each line represents a scale of approximately
50 mL. It is estimated that the volume shown here
is 180 mL.

Figure 1.8 This measuring device features fine
gradations of 0.1 mL. The observer must correctly
read the position of the meniscus (curved surface
of the liquid) to accurately determine the precise
volume. In this example, the bottom of the curved
meniscus indicates a volume of 20.0 mL.
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Digital tools, such as digital microscopes,

simulations and video-recording devices, have

improved scientific observations and measurements.

Digital microscopes provide enhanced capabilities
for qualitative and quantitative data collection.
Simulations and video recordings help capture
and analyse phenomena that may be difficult

to observe directly. It is important to carefully
evaluate simulations and models to ensure they are
designed well and are relevant to the experiment.
If a simulation is programmed incorrectly or set

up poorly, it may mean the entire experiment is

SCIENTISTS ARE SYSTEMATIC AND SAFE

Figure 1.10 When
observing cell
structures under
a microscope,
adjusting the
magpnification to
the appropriate
level allows
specific details
to be clearly
observed.
Recording the
magnification
used is also
necessary for
other scientists

19

to replicate the

not valid. .
experiment and
validate the
findings.

Try this 1.3

Testing the strength of shapes

Background

In this experiment, you will be measuring the strength of paper sheets folded into vertical stands

of different shapes. You may choose any shapes you wish, but they must all be the same height

and made of the same materials (one sheet of A3 paper). You will measure the strength under

compression — that is, the ability to support mass without collapsing.

Aim

To measure the strength under compression of different shapes of paper stands

Hypothesis

State your hypothesis using the “If ... then ..." framework.

Materials

* A3 sheets of paper x 3

* piece of cardboard

e several 50 g and bigger masses

e sticky tape

® scissors

Method

1. Define your variables for this experiment and list them in a table.

Independent variable
Dependent variable
Controlled variables

2. Construct and number your paper stands, each one made from a sheet of A3 paper, and the

same height. Use sticky tape if required to hold the shape.

3. Place cardboard horizontally on the first stand.

4. Add 50 g masses until the stand collapses. Record the total mass added that collapses

the stand.

5. Repeat three times for each stand (i.e. do three trials).

ISBN 978-1-009-60327-0 Shaw et al. © Cambridge University Press & Assessment 2025

Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 1

SCIENCE SKILLS

systematic error
an error that causes
measurements

to differ from the
true result by a
consistent amount,
often due to faulty
or uncalibrated
equipment
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Figure 1.11 Some possible shapes to test are shown on the left. On the right is an example of testing the
strength of a cylinder using three 50 g masses.

Results
Record your results in a table, using the table below as a guide. Give your table an appropriate
title that describes what data it is displaying.

Put your dependent variable here
(and state units of measurement)

Trial 2 Trial 3

Put your independent variable
here (and state units of
measurement)

Trial 1 Trial 4

Discussion: Analysis

1. Identify the strongest shape you tested.

2. Did anyone in the class have a stronger shape?

3. Were you able to identify a causal relationship between the independent and dependent
variables?

4. Suggest one more variable you controlled or should have controlled.

Discussion: Evaluation
1. Explain why adding more trials and calculating the mean of the results would increase the
reliability of the results you collected.

Conclusion
Draw a conclusion from this experiment about the strength of different shapes of paper, by
copying and completing this statement in your science book.

From this activity it can be claimed that . This is supported by the observations that

. Therefore, the hypothesis is/is not supported by these findings.

Error types

There are potential sources of error in all experiments. Systematic errors arise when the
measurements vary in a consistently incorrect way. For example, if your scale is faulty or poorly
calibrated, it might overstate the mass by 1 g every time. The environment can also have an effect
on an experiment if variables are not controlled. For example, the high ambient temperature of the
room might speed up the rate of chemical reactions. We can avoid systematic errors by carefully
controlling variables in the experiment and using equipment that has been tested against a known
value (calibrated). It is important to use the same measurement tools for the entire experiment and

not switch back and forth between diffegent rulers, stopwatches o scales. . .
haw et al. © Cambridge University Press & Assessment 2025
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Even when we are extremely careful, there are random errors that can still affect the accuracy of a
measurement. These are unpredictable errors that don’t follow a regular pattern, such as problems with
how the observer estimates a volume that falls between two gradations on a beaker or conical flask. This

type of error can be reduced by repeating the experiment many times and taking average values.

Section 1.2 review
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Section 1.2 questions

Remembering
1. State which type of error is represented in each of the following scenarios:
a) A set of scales is faulty and regularly overestimates the mass of objects by 10 g
b) A beaker only has gradations of 50 mL marked with lines, meaning observers need to
estimate volumes that fall in between the markings on the scale
2. Recall what SDS stands for.
3. Define ‘informed consent'.

Understanding

4. Classify these statements regarding a scientific method as true or false:
a) The method should be written in the first person.
b) The method should outline how variables are controlled, changed and measured.
c) The method should have sufficient detail such that someone else could replicate the experiment.
d) The method does not need to specify exact equipment used.

Applying

5. Describe how an experiment can be considered a fair test. Use an appropriate example in
your response.

Analysing

6. A group of students conduct an experiment investigating ramp height and the distance a toy
car will travel along the ground.

Toy car

RU/er

Height

| %

Carpet I

Distance travelled I

a) State two variables that would need to be controlled in order for this to be a fair test.

b) The measuring tape used to measure the distance travelled only has markings in
centimetres. If students take turns recording the distance and rounding to the nearest
centimetre, suggest what type of error this introduces.

Evaluating

7. Repeating an experiment multiple times and averaging the results is an effective way to
minimise the effect of random errors. Justify why conducting multiple trials has no impact on
reducing systematic error.

ISBN 978-1-009-60327-0 Shaw et al.
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@ Scientists analyse their data

Learning goals

At the end of this section, | will be able to:

1. Classify quantitative data as either continuous or discrete.
2. Calculate the mean, median, mode and range of data.

3. Plot a line graph and a line of best fit.

4. |dentify trends present in graphical representations of data.

Processing and displaying different data types

You will recall that several steps within the scientific method outlined earlier in the chapter

relate the collection and processing of experimental data. There is simply no point designing and
conducting a brilliant experiment unless the findings are correctly analysed and valid conclusions
can be made. This is as true for science students as it is for career scientists.

Step 1. Observe and ask questions

|

Step 2. Do background research

|

Step 3. Define variables and state a hypothesis

!

Step 4. Test the hypothesis with an experiment

v
Step 5. Collect and record the data

I

Step 6. Analyse the data

|

Step 7. Evaluate the data
|

v

Step 8. Form a conclusion

!

Step 9. Communicate your findings

To find meaning in the data, it should be analysed and presented in ways that allow possible causal
relationships between variables to be evaluated. In this section you will learn about calculating
measures of central tendency as well as presenting your data in tables and graphs.
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The type of analysis that is appropriate depends on the type of data you have collected. continuous data
quantitative
(numerical) data
points that have
a value within a

Quantitative data is data that is numerical in nature and can be categorised as either continuous

or discrete. Continuous data tends to include all numerical values within a range and is often

measured. Discrete data considers exact values such as integer numbers (whole numbers) and is ;nc?aet; ti:izzﬁzﬁy
often counted. measured against
a scale that ;
Qualitative data is data that is worded, descriptive or categorical in nature. Ordinal data has a clear g’f}f;ﬁ;igﬁgﬁls
order to the categories, whereas nominal data has no clear order to the categories. Some examples lfqut? , i? ;n ?féegsm
are shown in the diagram below. discrete data

quantitative
(numerical) data
points that tend
to have whole
Data types numbers; this type
of data is usually
| counted, e.g.

number of pets = 0,
i ¢ 51,2
Quantitative Qualitative el et
. X qualitative
(numerical) (categorical) (categorical)

data where the
| | categories have
an order, e.g. slow,

¢ ¢ ¢ ¢ moderate, fast

Continuous Discrete Nominal Ordinal g‘::?;;;:;;:ata
e.g. e.g. e.g. €.g. (categorical)
e time in seconds ® number of students e colours e subjective ratings, such data wh_ere the
e volume in millilitres in the room ® breeds of dog as small, medium or Clategorées have nczJI
e height in metres e score rolled on a die e gender large Ce”ar order, e.g. red,
yellow, green
e frequency of an event e day of the week

mean
sum of all the
values divided

Figure 1.12 Classifying types of data by the number

of values
Quick check 1.2
1. Categorise the following data as quantitative or qualitative, and then as either continuous/
discrete or ordinal/nominal:
a) size of plant (small/medium/large)
b) reaction speed in milliseconds
c) favourite food
d) number of siblings
Measures of centre and spread
When analysing quantitative data that have been collected, measures of centre, or central tendency,
are often calculated.
Measures of central tendency allow scientists to approximate a typical data point. In real life, you
may hear this referred to as ‘finding the average’ as it gives you an idea of the middle or most
common data value. The mean (average) is a commonly used measure of centre and is calculated
as follows:
sum of all data values
mean =
number of data values
ISBN 978-1-009-60327-0 Shaw et al. © Cambridge University Press & Assessment 2025
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median

the middle value
in a dataset that is
arranged in order
of size

mode

the most commonly
occurring value in a
dataset

range
the difference
between the
smallest and largest
values in a dataset
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The median is the ‘middle number’ when the data is arranged in numerical order. When there are
two middle numbers (i.e. when there is an even number of data values), you calculate the mean of
the two middle numbers.

The mode is the most frequently occurring number in a dataset. Scientists can also gain an

understanding of the spread of the data by calculating the range:

range = highest data value - lowest data value

Worked example 1.1

Six students were asked ‘How many hours of screentime do you spend on your phone each day?’
The data values were as follows: 2, 9, 8,5, 2, 4

Calculate the mean, median, range and mode.

Working Explanation

Calculating the mean

sum of all data values Divide the sum of the data values (total

mean =
number of data values hours) by the number of data values
_2+9+8+5+2+4 (number of students).
- 6 The mean screen time is 5 hours.
Calculating the median
2,2(4,5)8, 9 Arrange the date values in numerical order.
4+5_4¢ Because there is an even number of data
2 values, the middle number is between two

data values (4 and 5). In this case you find
their mean, so the median is 4.5 hours.

Calculating the mode

(2.2)4,5,8,9

mode = most frequently occurring data value
=2

Count how many times each data value is
repeated. The mode is the most frequently
occurring data value. In this case, only 2" is
repeated, so the mode is 2 hours.

Calculating the range

range = highest data value — lowest data value | Subtract the lowest data value from the
=9-2

=7

highest data value. The range is 7 hours.

Measures of central tendency and spread can give us an overview of the dataset. For example, we
could say that for the students surveyed in Worked example 1.1, the mean number of hours of

screen time was 5 hours, but that student responses varied by 7 hours.

Your teacher probably calculates the mean test score for your class and compares with other classes to
gain an understanding about how your class is performing. However, statistical measures need to be
interpreted carefully. The mean can be drastically affected by the presence of just one extreme value
(known as an outlier). When this occurs, it is no longer very useful. For example, if a seventh student
was surveyed in Worked example 1.1 and they reported 23 hours of screen time, this would increase
the mean, and it would no longer be a good indication of the centre. The same can be said for the
mode: sometimes the most common response is not a good measure of the centre of the dataset. It is

more useful in qualitative datasets, where you might be interested in the most common category.

Shaw et al. © Cambridge University Press & Assessment 2025
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Try this 1.4

Collecting smartphone data usage
As a class, collect data about the number of hours each student spends
on their smartphone per week. Look for the ‘Screen Time' or 'Digjital
Wellbeing' feature. It might be located under the ‘Usage’ or 'Battery'
section. Depending on your device and operating system, you may find
a weekly summary or a detailed breakdown of your smartphone usage.
1. Collate data from the class to create a summary of this data.
Consider the different ways you might want to analyse the data,

perhaps based on gender or age or type of phone.
2. Putthe data into a spreadsheet software program and explore how

Figure 1.13 Your phone tracks usage data.

you can determine the mean, median, mode and range of the data
by using formulas/functions within the program.

Quick check 1.3

1. Consider the following dataset: 22, 23, 23, 24, 25, 26, 27, 29, 31
For the data, calculate the:

a) mean
b) median
c) mode
d) range.

Recording data with precision

When presenting any numerical values, it is important to determine the appropriate level of
precision. This may involve stating values to a certain number of decimal places, depending on the
significance of the data and the level of accuracy obtained during the experiment. There should be
consistency in the number of decimal places used when recording data. However, it is essential to
avoid excessive rounding that may result in the loss of important information.

Positive and negative signs are particularly important when dealing with standard units that involve
both positive and negative values. For example, when measuring temperature changes, including
the appropriate positive or negative sign indicates whether the temperature has increased or
decreased relative to a reference point.

In cases where very large or very small numbers are encountered, scientific notation can be used scientific notation
. L. . . Lo a way of writing
to represent the data concisely. This involves expressing numbers as a coefficient multiplied by very large or very
; small numbers
10 raised to a power. by putting one

number before the
decimal point, then

2 x 109 2 x 1079 it
2-000000000, 6090909002,

1234567829 987654321

2000000000 0.000000002

Figure 1.14 Scientific notation helps simplify the presentation of very large or small numbers, making it easier
to compare values.
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Displaying data in tables

Presenting data in tables allows information to be organised and effectively communicated. Setting

up the table of results prior to conducting your experiment means that you can record data easily as

you go. Some guidelines for setting up a results table:

o The table should be ruled in pencil with an appropriate title stating the independent and
dependent variables.

o The independent variable’s values or categories should be listed in the first column.

o The second column lists the dependent variable measurements. If more than one trial is
completed, then there will be more than two columns, and potentially a column showing the

average (often the mean) of the values (see Figure 1.15).

o Each column needs a heading, and units of measurement should be specified here, NOT

Independent rewritten after every measurement.
vlariaZI(? o All values are stated to the same number of decimal places.
aced in
firpst column
(yellow), one Clear title
column of 4 Unit of measurement
dependent Table shlowir?g ‘Height of b.ubbles produced when bicarbonate soda specified in heading
variable reacts with vinegar, according to the mass of bicarbonate soda’ —~
reGass:ir:Ir — Mazz(c;i k();():arb Height of bubbles (mm)
(blue) Trial 1 Trial 2 Trial 3 Mean (average)
: 1.5 89 91 90 90
Consistent 2.0 102 100 104 102
nzr:cl:::;f — 3.0 160 167 168 165
places Figure 1.15 An example of a well set-out table of results

Displaying data in graphs

Once data is processed it can be presented in a graph. When experiments involve multiple trials

bar graph /

cotlumn ?raphh (like in Figure 1.15) it is common practice to only graph the last column showing the mean values
a type of grap

used to display of the trials.

the frequency of a
qualitative variable,

o e eerS The type of data you collect informs the way it which it is represented. If your independent variable
232?";2’: is qualitative (e.g. species of animal) and your dependent variable is quantitative (such as heart rate
independent

e in beats per minute) then a bar graph or column graph is an appropriate way to represent the data.

a quantitative

dependentvariable A common way of displaying quantitative data is using a scatterplot, which maps how the
:Ctayt;:g;':aph dependent variable changes in response to the independent variable. Each pair of observations is
:ﬁ:cjl etlztfjclizlfi{) represented with a single data point. If the variables are something continuous - such as distance,
between two length or time — then you can connect each data point to the one either side, creating a line graph.
arables

line graph Constructing a column graph

352/5?: L?SEE; A column graph is a visual representation of data from a table. Some guidelines for constructing a

how a continuous
quantitative
variable changes
over time, or in

column graph:
o The graph should be ruled in pencil with an appropriate title stating the independent and

e aEns o iz dependent variables.
independent
variable o The independent variable is placed on the x-axis (the horizontal axis) and the dependent

variable is placed on the y-axis (the vertical axis). Units of measurement (where appropriate) are
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The graph should cover the full width of the page. Consider how many categories of

independent variable you need to display.

The y-axis should have an evenly increasing scale, preferably in multiples of 1, 2, 5 or 10.

You cannot have breaks in the scale. You should choose a scale that spreads your data values

out enough to be clearly interpreted. Your scale does not need to start at 0 if this doesn’t suit

your data. For example, if your dependent variable values are 800, 819, 920 and 950, then an

appropriate scale for the y-axis might begin at 700 and extend up to 1000 in intervals of 20 or 50.

The bars should have a gap in between them that is roughly equal to the width of each bar.

Independent variable on
left, dependent on right

Dependent variable on
y-axis, labelled with units

!

!

Heart rate (beats/min)

v
Average heart

Animal rate (beats

per minute)
Camel 35
Horse 41
Human 70
Rabbit 210
Mouse 670
Rat 750

Clear title

Average heart rates (beats/minute) for different mammals

800

600
Bars

400 have
gaps in

200 . between

oL mmm  wmm , ,
Camel Horse Human Rabbit Mouse Rat
Animal

Independent variable on x-axis

Figure 1.16 A table of data showing the average heart rates (quantitative) of different species of animal (qualitative) can be
represented graphically with a column graph

Constructing a scatterplot/line graph

A scatterplot is a visual representation of the relationship between two quantitative variables. When

the independent variable is something continuous, such as time, the data points can be connected

to form a line graph.

The graph should be ruled in pencil with an appropriate title stating the independent and

dependent variables below the graph.

The independent variable is placed on the x-axis and the dependent variable is placed on the

y-axis. Units of measurement are specified in the labels in brackets.

Axes are marked with a scale that increases evenly, preferably in multiples of 1, 2, 5 or 10. You cannot

have breaks in the scale. For example, you can’t show 0 to 20 in intervals of 5 and then skip straight

to 60 even if this is what your data values do. You need to choose a scale that spreads your data values origin

the point (0, 0)

out over the full width of the graph (usually the full width of a page). Your scale does not need to start ~ where the x-axis

and y-axis intercept

at 0 if this doesn’t suit your data. If your values are between 85 and 115, then it would make sense when both axes

start from zero

to construct an axis with a starting point at 80 extending to 120, perhaps in intervals of 5. If both

outlier

the x-axis and the y-axis extend to 0, then this point where they meet (0, 0) is called the origin. an anomalous data

point, likely the

Data points are typically represented with a dot or an X’. If you are plotting multiple sets of data  result of an error or

a mistake in data

on the same graph, use different-coloured points for each dataset, and add a legend. collection
Circle any outlier results. These are any data point that is clearly anomalous and are potentially anomalous

. . . . . . a result that
the result of an error or mistake in recording. You cannot simply remove the data point even if [ I,

it doesn’t seem to fit with the other results. Scientists must communicate all the experimental

data includin;;]outlier res
ISBN 978-1-009-60327-0
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o Ifitis appropriate to convert the scatterplot into a line graph, use a ruler to connect each data
point (dot) to the next one with a straight line. In Figure 1.17 this allows us to see how the

dependent variable (speed) changes over time (the continuous independent variable).

Independent variable on Dependent variable on Clear title
left, dependent on right y-axis, labelled with units L
N
Speed of / ti
Time (s) Sl " peed of a car (m/s) over time
0 0.0
2 1.4 8
4 2.6 _
(2
6 s
8 5.6 8
o
n

10 6.6

4 /./
12 8.2 2

T 0 T T T T T T 1

Each pair of values represent 0 2 4 6 8 & 12 14

one data point on the line graph Time (s)

Independent variable on
located at (x, y), e.g. (14, 9.6)

x-axis, labelled with units

Figure 1.17 A table of results showing how the speed of a car changing over time can be represented graphically with
a line graph

Practical 1.1

Pendulum swing practical

Background information
In this practical, you will gather continuous data and convert it into a line graph.

Aim

To test the effect of string length on the time it takes a pendulum to complete one swing

Hypothesis

State your hypothesis using the ‘If ... then ..." framework.

Materials

* retort stand ® protractor

* bosshead and clamp *  BluTack®

e 120 cm of string * stopwatch

e weight for pendulum ® graph paper or graphing application, such as Excel
Method

1. Define your variables for this experiment and record them using the table below.

Independent variable

Dependent variable

Controlled variables

2. Write a risk assessment for this experiment.

continued ...
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3. Attach the weight to the bottom of the piece of string.

4. Tie the string to the bosshead and clamp attached to the retort stand and measure 20 cm from the join of the
bosshead to the base of the weight, as shown in Figure 1.18.

5. Using the protractor, hold the string tight at 45 degrees and release the pendulum.

6. Start the stopwatch as soon as you release the pendulum and count three full swings (across and back), as
shown in Figure 1.18.

7. When the pendulum returns for the third time, stop the stopwatch and divide the time by 3 to get the time for
one swing.

8. Record the time for one swing in the results table. Repeat for two more trials.

9. Repeat steps 4-8 for different lengths of string.

Results
Create a results table for your experiment.

Use the mean of all trials to produce a line graph. Remember the following points:
* Plot the independent variable on the x-axis.

* Plot the dependent variable on the y-axis.

* Label each axis with the variable name and the unit of measurement.

*  Write a title for the graph.

* Use an even scale (equal spaces between the numbers on the axes).

Blu Tack®

Protractor

Bosshead

———— String
Retort stand

Starting
position

Table

Pendulum

" Half a
V/g e

Figure 1.18 Experimental set-up. Setting up the pendulum (left) and timing the swing of the pendulum (right).

Full swing

Discussion: Analysis
1. Identify any trends you see in your graph.
2. Compare your collected data to data from another group. How do their results compare to yours?

Conclusion
Draw a conclusion from this experiment about the effect of string length on pendulum swing, by copying and
completing this statement in your science book.

From this activity it can be claimed that . This is supported by the observations that
Therefore, the hypothesis is/is not supported by these findings.
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Practical 1.2

Insulation of water

Be careful &
Background information Ensure protective
In this practical, you will gather data to produce a bar graph. You will test the equipment is worn
effect of foil, paper and cotton wool as insulating materials and measure how at all times. Keep hands
this affects the cooling rate of water. clear of the boiling water to
Aim avoid burns. Pour slowly to
To test the effect of different materials on the cooling rate of water avoid spilling.
Hypothesis
State your hypothesis using the ‘If ... then ..." framework.
Materials
e 500 mL graduated conical flasks x 4
e kettle

e thermometers
o foil

e cotton wool

* paper

* stopwatch

e elastic bands

Method

1. Complete some background research to write a brief rationale on insulation.

2. Define your variables for this experiment and record them using the table below. Also include the type of data
that each variable will yield.

Variable yields what type of data?

Independent variable

Dependent variable
Controlled variables NA

3. Cover the sides of three conical flasks with either cotton wool, paper or foil, and use elastic bands to secure
the covers in place. Leave one conical flask without covering.

4. Place one thermometer in each of the conical flasks.

5. Boil the kettle and carefully pour boiling water into each of the conical flasks up to the 200 mL mark. Start the
stopwatch immediately.

6. Time for 5 minutes using the stopwatch and then measure and record the temperature of the water in
each beaker.

7. Gather data from two more trials from other groups in your class. Add these to the results table and calculate

the mean temperature after 5 minutes for each insulating material.
continued ...
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Results
Copy and complete the following table to record your results. Give your table an appropriate name that describes

what data it is displaying.

Temperature after 5 minutes (°C)
Trial 1 Trial 2 Trial 3 Mean

Cover material

Foil
Paper

Cotton wool

No cover

Create a bar graph for the mean data in your results table. Put the independent variable (insulating material) on
the x-axis and the dependent variable (temperature after five minutes) on the y-axis.

Discussion: Analysis
1. Suggest a reason for using a conical flask with no cover material.
2. Suggest a reason for putting your data into a bar graph rather than just leaving it in a table.

Discussion: Evaluation
1. Identify potential sources of measurement uncertainties or experimental faults in this experiment.

3. Can you identify evidence that supports the causal relationship between the independent and
dependent variables?

Conclusion

Draw a conclusion from this experiment about the effect of different materials on the cooling rate of water, by
copying and completing this statement in your science book.

From this activity it can be claimed that . This is supported by the observations that

Therefore, the hypothesis is/is not supported by these findings.

2. Suggest one way you could improve the experimental design if you were to repeat this experiment in the future.

Analysing the data by interpreting tables and graphs
Tabulating and representing data graphically allows for analysis of any trends (patterns in the data) Li
and identification of unexpected results. WORITSH EET
Analysing
data

Describing trends

trend

a patternin a
graph that shows

Table 1.6 summarises some common trends you might observe and describe.

the general
Graph Explanation direction/shape
of the relationship
12 The data in the scatterplot (Figure 1.19) shows between the
< . . dependent and
@ - a steady increase. You would describe this independent
o o by saying, ‘As the age of the child (in years) variables
.§ 8 *—o increases, the size of clothing also increases’.
[ )

26 e
% e o o
6 4 @ ®

[ ] [ ] [

29—9 o ——— ——————————————
[ ]
0 & T T T T 1
0 2 4 6 8 10
Age of child (years)
Figure 1.19 The effect of child age on clothing size
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Graph Explanation

3000 In Figure 1.20, the data shows a rapid increase
in customers that reaches a plateau (flat line)
and then remains constant. You would describe

N

o

o

o
1

this by saying, ‘Initially, during approximately
the first 60 months, as the number of months

increases, the number of customers per month

-
o
o
(@]

increases rapidly from 0 to 2000. Then, for the

Number of customers
per month

next 100 months, the number of customers

' ' . ' per month remains constant at around 2000'.
0 50 100 150 200
Number of months
Figure 1.20 The number of customers per month,
over 200 months

: @ 100 The data in Figure 1.21 shows an exponential
exponential o /
a growth or decline & 90 increase. You would describe this by saying,
that becomes [} / . .
increasingly rapid 3 8o /‘ ‘For the first 10 hours, the number of bacteria
\rNe'r:ﬁtv'zfo(:;mher = /0 o/ increases slowly from 10000 to 30000. After
variable) 'g 28 / 10 hours, the number of bacteria increases
S 40 ya more rapidly’ (by commenting on the
o g
— t fth dient).
= 30 / steepness of the gradient)
g 20
3 2 %
e 10
é O T T T 1
0 5 10 15 20
Time (hours)
Figure 1.21 The effect of time on number of bacteria
385 —¢ ? In the line graph in Figure 1.22, the data do
o 38.0 4 not show a clear pattern. There are seemingly
o e random fluctuations over time. You should still
g ' highlight that the data points appear to be
g 97is scattered or randomly distributed without a
E; 36.5 3 clear pattern or correlation.
360 T T T T T 1
1 2 3 4 5 6 7
Day
Figure 1.22 Temperature fluctuations over a
seven-day period
Table 1.6 (continued)
Drawing a line of best fit
After plotting your data as points, you may notice one of the trends discussed previously. To
highlight this pattern in the data, you can draw in a line of best fit. This can be a straight line or a
curve — whichever suits the data better and approximates the relationship between the independent
and dependent variables. When drawing a line of best fit, you do not connect every data point.
Instead, you draw a line/curve with approximately as many data points on one side of the line as
there are on the other (e.g. half above, half below) without including outliers. The line of best fit is
like an ‘average’ that runs smoothly through the middle of the data and makes the trend obvious.
Figures 1.20 and 1.21 in the table above demonstrate curved lines of best fit.
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Your line of best fit should:

 be continuous, and it can be straight or curved or any
other shape that averages the data points. Do not try to
draw a straight line over data that is clearly curved.

» not be forced through the origin (0, 0) if one is used on
the graph

o be drawn within the range of data points. If extended
beyond the original dataset, it can be dotted/dashed, as

shown in Figure 1.23.

Figure 1.23 is a scatter plot with a line of best fit, drawn in
red. Note how the line runs through the ‘middle’ of the data,
like an average. The dotted regions are where the line has

been continued beyond the original dataset.

As discussed, the line of best fit is not always a straight line.
The graph in Figure 1.24 shows how 100 mL of water cools
over 100 minutes. As you can see, a straight line would not
fit the dots very well. In this case, the line of best fit is a

curved line.

You can use the line of best fit to predict:

+ missing measurements within the original dataset (this is
called interpolation)

« measurements beyond the original dataset (this is called

extrapolation).

In Figure 1.25, some data has been collected and graphed
to show the relationship between temperature and number
of mosquitoes. It appears the data was collected for
temperatures ranging from 18°C to 46°C. If the scientist
wanted to predict the number of mosquitoes when the

temperature is 31°C (as shown with the purple
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Figure 1.23 The effect of acid concentration on the time
taken for a reaction to start
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Figure 1.24 The effect of time on the temperature of 100 mL
of water

dotted line), this would be an example of

py interpolation
e using existing data
(such as a line of

interpolation. If they wanted to predict the

best fit) to make a
reliable prediction

number of mosquitoes when the temperature is
8°C (as shown with the green dotted line), this

within the original
dataset

is extrapolation. It is less reliable as it assumes

extrapolation
using existing data

the relationship, shown by the line of best fit,

continues beyond the original dataset.

Number of mosquitoes

(such as a line of
best fit) to make

a less reliable
prediction beyond

the original dataset

10 20 30 40 50
Temperature (°C)

Figure 1.25 A scatterplot of data. A line of best fit
can be used to predict measurements both within
and beyond the original dataset.
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Chapter 1

SCIENCE SKILLS

Try this 1.5

Balloon popping

Be careful
Background information Safety glasses must be
In this activity, you will gather data that can be turned worn during this practical.

into a line graph.

Aim

To test the effect of number of breaths on the circumference of a balloon
Materials

e balloon

® string

® permanent marker

e ruler

Method

1. Lie the balloon flat on the workbench. Using the string, measure the circumference at the
widest part of the balloon.

2. Using a permanent marker, draw a line on both sides of the balloon to indicate where you took
the first measurement.

3. Use one breath to inflate the balloon and hold it tight to prevent air escaping. Without tying
the balloon, use the string to measure new value of the circumference along the line you have
already drawn.

4. Repeat step 3, adding more volume to the balloon by one breath at a time, making sure no air
escapes, recording your results until the balloon pops.

Results
Create a results table for this experiment.

Draw a line graph. Number of breaths should be on the x-axis and balloon circumference on
the y-axis.

Discussion: Analysis
Identify one trend that you observed in your graph.

Discussion: Evaluation

1. Suggest possible experimental uncertainties and faults in this experiment.

2. Suggest one way to improve the experimental design if you were to conduct this experiment
again in the future.

Conclusion
1. Draw a conclusion from this experiment about the effect of number of breaths on the
circumference of a balloon, by copying and completing this statement in your science book.
From this activity it can be claimed that . This is supported by the observations that
. Therefore, the hypothesis is/is not supported by these findings.
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Section 1.3 questions

Remembering
1. State which type of graph should be used to display continuous quantitative data.
2. Determine the mean, median and mode of the following dataset: 1, 2, 3, 4,5, 5, 8

Understanding

3. Explain why it is important to include outliers when reporting your data, but to remove outliers
when analysing data.

4. Describe where the independent and dependent variables should be placed on a graph.

Applying
5. Contrast qualitative and quantitative data.
6. Contrast discrete and continuous data.

Analysing

7. Martin had a bag of lollies of different colours. He found that, when he offered them to friends,
he was always left with purple lollies. He decided to conduct an experiment to test people’s
favourite lolly colours. He shared a bag that had 20 of each colour and recorded what was left
at the end. From this he worked out how many of each colour had been eaten. The results are
shown in the table.

Lolly colour Number of lollies eaten
Purple 4
Green 13
Yellow 18
Red 20

a) State which type of graph should be used to represent this data.
b) Propose which variable is the 