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Indigenous Knowledge systems
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founded upon a logic that developed from Indigenous experience with
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to Western science, where the production of knowledge often takes
place within specific disciplines. As a result, there are many cases
where such disciplinary knowledge does not reflect Indigenous
worldviews.
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preferred term of reference. It is important to learn and respect
local language and respect the terms preferred by your local Elders
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Practical investigations and inquiry activities

All practical investigations and inquiry activities, including the
illustrations, are provided as a guide only and the accuracy of such
information cannot be guaranteed. Teachers must assess the
appropriateness of an activity and take into account the experience
of their students and facilities available. Additionally, all practical
investigations and inquiry activities should be trialled before they are
attempted with students and a risk assessment must be completed.
All care should be taken and appropriate personal protective clothing
and equipment should be worn when carrying out any practical
investigation or inquiry activity. Although all practical investigations
and inquiry activities have been written with safety in mind, Pearson
Australia and the authors do not accept any responsibility for the
information contained in or relating to the practical investigations and
inquiry activities and are not liable for loss and/or injury arising from or
sustained as a result of conducting any of the practical investigations
or inquiry activities described in this student book.

Al text assistance

If any content has been generated with the assistance of Al, it has
been thoroughly reviewed, edited and verified by subject matter
experts to ensure accuracy and reliability.
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How to use Pearson Science New South Wales

Pearson Science components

Each Pearson Science Stages 4 and 5 New South Wales student book provides students with a complete offline version
of all corresponding digital lessons in Pearson Digital Hub, while the student companions offer a convenient write-in
resource. This blended solution offers teachers and students the perfect balance of online and offline learning.

The Student Book (also available as an eBook) has been provided to minimise digital distraction and screen fatigue.

In addition to all the theory lessons, practical investigations and inquiry activities from Pearson Digital Hub, it includes:

» aWorking scientifically toolkit

a valuable prior knowledge lesson at the start of each topic

completely new questions (prior knowledge, check your understanding, lesson review, topic review)

new Scifiles and Science in Context features to engage learners with real-world examples and to support differentiation
working scientifically and data science skills integrated into lessons

topic summaries and end-of-topic glossaries

» aselection of depth studies at the end of the book.

[ Pearson Digital Hub: a one-of-a-
kind digital product designed to
simplify teaching and energise
learning, with high-quality
content created by experienced
Australian educators who know

| how to engage students.

Pearson
Digital
Hub

Chunking with learning intentions and success criteria

The structure and relationship between the two components in the Pearson Science series (the Student Book and Pearson
Digital Hub) have been designed to manage students’ cognitive load. Chunking has been used to break complex concepts
and strategies into smaller, more manageable sections, defined by the success criteria.

Within the two components, the chunking of content directly supports explicit success criteria in a ‘read a little, do a
little’ approach.

7

Learning intentions are Success criteria clarify expectations
learning goals or objectives ] and describe what success looks like.
aligned to the relevant e S They are used to determine how well a
curriculum. Each of the lessons e r— i student has met the learning intention.

in Pearson Science New South
Wales has beendeveloped
around a single purpose

for learning. The learning
intentions-are communicated
using student-friendly
language and are consistent
across the the Student Book
(and ebook) and Pearson

The Pearson Science lesson design is
based on cognitive load principles and,
as such, each lesson has 1-3 success
criteria. The success criteria are specific,
concrete and measurable so learners
can actively engage with and reflect on
their evidence of learning within each
lesson. The success criteria form the
basis of both components - the Student

Digital Hub. They describe Book (and eBook) and Pearson Digital
what learners should know, : : Hub - to ensure they are consistent
understand or be able to do by throughout the lessons and to provide
the end of the lesson. the basis for feedback.

viii
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Student book featur

Working scientifically
toolkit

Science inquiry skills are
supported by a Working
scientifically toolkit at the
beginning of the book,
referenced throughout the text

with ‘Go to’icons. @ eloN[o) .

es

) Working scieatifically toolkit

Science ingary

Prior knowledge lessons
Each topic begins with a prior
knowledge lesson linking

the topic key concepts to
required knowledge from
previous years or topics inthe
Australian Curriculum.

Inquiry activities

Theory lessons .!m,.,.o,\,t.m,w,m,,, s _m_. Inquiry activities are open-
Theory lessons provide Piaioion = e ——— ended investigations that
content in short, accessible = m— [ e encourage learners to
chunks. Questions to check | e : planand design solutions
learners’ understanding are = | toproblems. Learners are
provided at regular intervals == = SRR encouraged to improve and
throughout the lesson. Each - ‘ == evaluate their ideas, designs
theory lesson ends with a B — or investigations.
lesson review that includes e —!g.. ®——————Topic reviews
3-6 questions. — ...O:M. Fach topic finishes with a
Practical investigations —— A/\’:‘Q;F St summary to consolidate
Practical investigations - S e = key ideas from the topic,
offer learners the chance questions organised
to design and conduct = by challenge level to
experiments, record = e address every learning
results, analyse data, and intention in the topic, and
prepare evidence-based a topic glossary.
conclusions.
—Depth studies
M Depth studies allow students to apply
= science understanding from one or
more focus areas as well as the Working
7 ) b scientifically skills they have learned to a
: el scientific investigation. Five example depth
= studies are provided at the end of the book.
Additional features
Key Science in
terms Context boxes Skillbuilders Worked examples
e o— e
Scifiles—p =
Hints ® -

PEARSON SCIENCE STAGE 4 NEW SOUTH WALES
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For the New South Wales Science 7-10 Syllabus (2023)

roagson
Science
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suaon
Science

eBook

Student Book

Pearson Digital Hub

Your complete science solution for Stage 4, created by education experts to support
every teaching style and every learning journey.

]

)Pearson

Offersanew, complete, course thatis
seamlessly connected across the printand
onlineresources, giving you continuity and
the flexibility to support different teaching
methods andlearningstyles.

Embeds explicit teaching strategiesin every
lesson to helpmanage cognitive load and
maximise learning outcomes forarange of
student abilities.

Integrates priorknowledge questions, worked
examples and questions throughout to check
studentunderstanding and progress.

Discover the full series at
pearson.com/en-au/schools/science-nsw

Includes 1000s of unique questions across
the series to give you even more choice and
flexibility,and to save you time.

Provides content written and reviewed by
expert Australian classroom educators.

Supports eachlessonwithteachingnotes,
including differentiation support.

Focusesonthe practical aspect of science
through practical investigations, inquiry
activities, depth studies, skillbuilders and
worked examples as well as a chapter-length
working scientifically toolkitandintegrated
data science outcomes embedded through
theresource.




Working scientifically toolkit

Introduction

This toolkit includes skills assoctied with Working scientifically, guidance for the
application of Data science, and support with how to conduct Depth studies.

Data science

Some of the Working scientifically processes involve aspects of data science. In
Stage 4, these include the following.

e Sources of data: Examine a range of sources of data and their applications
(Toolkit sections 4.3, 5.1 and 8.5).

¢ Scientific questions: Formulating and investigating scientific questions
that can be addressed with data (Toolkit section 2.1).

¢ Accuracy and reliability: Conducting repeated experimental trials to
calculate and compare the mean and range of data collected by different
groups to discuss the accuracy and reliability of experimental data. (Toolkit
sections 4.2 and 6.9).

¢ Patterns and predictions: Analysing data collected from a range of
student investigations to look for patterns and test whether data is consistent
with an initial prediction (Toolkit sections 2.3 and 6.5).

There are many forms of science inquiry that involve the use of these working
scientifically processes, including practical investigations, research tasks and

field work.

Contents

Working scientifically processes page Xxii

(Includes aspects of Data science)
1 Observing page xiii
2 Questioning and predicting page xiv
3 Planning investigations page xvii
4 Conducting investigations page xx
5 Processing data and information page xxiv
6 Analysing data and information page xxxii
7 Problem-solving page xxxix
8 Communicating page x|
9 Data science page xlvi

10 Depth studies page xlix

WORKING SCIENTIFICALLY TOOLKIT




. Working scientifically toolkit

Working scientifically processes

Scientific inquiry involves a range of working scientifically processes that are
identified as follows.

Working scientifically processes | Toolkit section

1 Observing 1.1 Taking measurements in science (page xii)
Using scientific tools and 1.2 Mistakes and errors (page xiv)
instruments for observations
2 Questioning and predicting 2.1 Investigable questions and research questions (page xiv)
Identifying questions and making | 2.2 Dependent, independent and controlled variables (page xv)
predictions to guide scientific 2.3 Making predictions (page xvi)
investigations
3 Planning investigations 3.1 Writing a method for an experiment (page xvii)
Planning safe and valid 3.2 Reducing risk (page xix)
investigations
4 Conducting investigations 4.1 Selecting equipment for accurate measurement (page xx)
Following a planned procedure 4.2 Reducing error and improving accuracy (page xxii)
to undertake safe and valid 4.3 Selecting and using secondary data (page xxiii)
investigations
5 Processing data and 5.1 Types of scientific data (page xxiii)
information 5.2 Using units in science (page xxiv)
Using a variety of ways to process | 5.3 Converting between units (page xxiv)
and represent data 5.4 Calculating the mean (average) of a set of data values  (page xxvi)
5.5 Designing a results table (page xxvi)
5.6 Line graphs and column graphs (page xxvii)
5.7 Creating aline graph using a spreadsheet (page xxix)
6 Analysing data and 6.1 Making inferences (page xxxii)
information 6.2 Evaluating investigations (page xxxiii)
Using data to identify trends, 6.3 Analysing a line graph (page xxxiii)
patterns and relationships, and 6.4 Outliers and anomalies (page xxxiv)
draw conclusions 6.5 Trends in data (page xxxv)
6.6 Cause-and-effect relationships (page xxxv)
6.7 Evaluating precision (page xxxvii)
6.8 Evaluating validity (page xxxviii)
6.9 Evaluating reliability (page xxxviii)
7 Problem-solving 7.1 Approach to problem-solving (page xxxix)
Identifying problem-solving
strategies and proposing
solutions
8 Communicating 8.1 Scientific writing (page x1)
Communicating scientific 8.2 Scientific diagrams (page xU)
concepts and ideas using arange | 8.3 Drawing scientific equipment (page xlii)
of communication forms 8.4 Writing a practical investigation report (page xliii)
8.5 Referencing secondary data (page xliv)
8.6 Using artificial intelligence (Al) in science writing (page xlv)

PEARSON SCIENCE STAGE 4 NEW SOUTH WALES




Working scientifically toolkit

1 Observing

1.1 Taking measurements in science

When taking a measurement, make sure the following guidelines are followed.

Check the measuring instrument, for example, does it read zero
correctly?

Use the most precise measuring device available. For example, to
measure around 6 mL of a liquid, do not use a 100 mL measuring
cylinder.

Eyes should be level with the scale when taking readings (see
parallax error below).

Check your measurement. Was the scale measured correctly?

Record the measurement straight away. Were the measurements
recorded correctly?

Check that the numbers of your data are written in a consistent
format. For example, to the same number of decimal places.

I I I [ R e

Measuring volume of liquids

When measuring the volume of liquids, the surface of a liquid forms a curved D —
shape in containers. For example, in the measuring cylinder shown in Figure 1, —
the liquid curves down in the middle. This curved surface is known as a —— 300
meniscus. —
To take an accurate measurement in this example, always measure from the —
bottom of the meniscus. In this case the value measured would be 220 mL. 220 mL 500
Parallax —
Parallax error is caused by reading dials and instruments from an angle instead S—
of looking straight at the measuring scale, giving inaccurate readings. —_—

—— 10
Example
Three students look at a ruler from three different angles and each one reads a FIGURE 1 A measuring cylinder
different measurement, between 18 cm and 21 cm (Figure 2). containing 220 mL of solution

Always make sure you read instruments straight on so as not to cause parallax
error.

KEY TERMS

volume the amount of space
that a substance or object
occupies

J:sr1e§gs the measurement h tf 7’ “ Waseem reads it as 21.5. accurate a description of a

A 7 3

Steven reads it as 20.

measurement that is close to
the true value

error the difference between
ameasured result and the true
value (Toolkit section 4.2)

FIGURE 2 Parallax error is caused by each student reading the measurement from a
different angle
WORKING SCIENTIFICALLY TOOLKIT




. Working scientifically toolkit

KEY TERMS

investigable question a
question that can be answered
by carrying out an investigation
secondary data data that
someone has acquired from an
experiment that they have not
carried out themselves
research question a question
that a study or research project
aims to answer

1.2 Mistakes and errors

Mistakes and errors are not the same thing.

Error will always happen in science—it is unavoidable. As a scientist, it is

your aim to make errors as small as possible. Errors occur when taking
measurements and may be systematic or random errors. See Toolkit section 4.2
for more details on types and causes of error.

Mistakes occur when the experimenter does something incorrectly. Mistakes
usually happen because the experimenter did not accurately follow the method
or take enough care when taking or recording measurements.

2 Questioning and predicting

2.1 Investigable questions and.research
questions

In science, a good question is one that can be answered by carrying out an
investigation. This kind of question is called an investigable question. Key
types of investigable questions are shown in Table 1. Investigable questions
that are used in extended projects, or investigations that use secondary data
are often called research questions. T'he research question acts as the key
question which helps to guide the research or project.

TABLE 1 Types of investigable questions

Question type Examples

descriptive | These ask » How long is the insect?

questions | about facts or e How many legs does the insect
descriptions. have?

relational | These compare o Whichinsect is the longest?

questions | things. o Are all the legs on the insect the

same length?

cause- These ask whether | ¢ Do larger insects have more legs?

and-effect | thereis alink o Does the colour of the insect

questions | between two depend on the environment it
variables. lives in?

Many scientific investigations seek to answer cause-and-effect questions.

Developing an investigable question

When you create a question to be investigated, you can use this checklist to help
you decide if it is a good investigable question.

Is the question clear and as simple as possible?

Is finding the answer to this question going to be interesting?
Will finding the answer to this question improve understanding?
Is there a way to find the answer to this question?

Is it possible to answer this question with the materials, resources
and time available?

(1 OO0
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Example of creating an investigable question

Rami wanted to investigate friction (the force opposing movement) between
the tyres of a mountain bike and the ground. Table 2 shows the approach that
you could take to develop a good question to investigate. The thinking column
describes the thought processes involved. The working column describes how
that thinking can be applied to the problem.

TABLE 2 The thinking and working involved in creating an investigable question

Thinking Working

Consider the variables that
may affect the problem being
examined.

Friction may be affected by the
temperature of the surface, the type of
surface, the material of the tyre, the air
pressure inside the tyre or how wet the
surface is.

Choose one variable that is
interesting and will increase
Rami’s knowledge.

Rami can consider whether the pressure
of the tyre affects the amount of friction
between the tyre and the ground.

Make sure that the question
is clear and as simple as
possible.

The question could be ‘How does the
pressure of the tyre affect the amount
of friction between the tyre and the
ground?”

Check that you are able to
answer the question with the
resources and time available.

The investigable question can be made
more specific, such as ‘Which pressure
provides the most friction between the
tyre and the ground'.

2.2 Dependent, independent‘and controlled

variables

A variable is a factor that may affect the results of an experiment.

For example, Lin is investigating the growth of a plant (Figure 3) by measuring
how tall the plants are after two weeks of growth. The following factors may

affect the growth of the plant:

e temperature of the soil
e type of soil

¢ amount of water given to each plant

¢ amount of sunlight received by each plant

¢ amount of fertiliser applied
¢ type of fertiliser used

 size of the pot in which the plant is grown.

The independent variable is the variable that will be changed by the
investigator. Lin chooses amount of sunlight as the independent variable and
will investigate how well seedlings grow in the dark, in indirect sunlight and in

direct sunlight.

Working scientifically toolkit .

KEY TERM

variable a factor or condition
that can change during an
experiment and can influence
the experiment

2 4\\ '} ’e,; it

FIGURE 3 Many variables will
affect the growth of these plants

Once the independent variable has been selected, the controlled variables are
all the other variables that might affect the results. These must be kept the same.
This ensures that the investigation is fair (valid) as it means that only changes
to the independent variable will be affecting the results.
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The dependent variable is the growth of the plant, which Lin chooses to
measure by recording the height of the plants each day. This is called the
dependent variable because the height of the plant might ‘depend’ on the

amount of sunlight.

Table 3 shows a summary of the three types of variables.

TABLE 3 Summary of the three types of variables

Variable type Examples from Lin’s
investigation
independent | The variable that will be the amount of sunlight
variable changed by the investigator | received by each plant
dependent | The variable that is being the height of the plant
variable observed and measured in an
investigation
controlled The variables that are kept temperature of soil
variables the same to ensure a fair type of soil
(valid) investigation amount of water
size of the pot

2.3 Making predictions

Observations can often lead to a ‘question that can be answered using a
scientific investigation.To attempt to answer these kinds of questions,
predictions can be made by applying prior knowledge or observations.

Using observations to make a prediction

Scientists use their knowledge and observations of events, to predict what
will happen in similar situations. Table 4 describes some of the considerations
that need to be applied when using observations or prior knowledge to make

predictions.

TABLE 4 Making predictions based on observations

Is using prior knowledge a valid way
of predicting what will happen?

The earlier event should be similar
to the event about which the
prediction is being made.

Am | sure about the prior knowledge
that I am using?

You should be able to trust the
observation or source of the
information.

Can | describe why | have made the
prediction?

You should be able to provide
evidence for the reason(s) for your
prediction

Example

Ada wanted to drop different types of balls on different surfaces to test how

high they would bounce. She found an experiment that students had conducted

the year before and read their results (Table 5).
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TABLE 5 Average height of bounce of different ball types on different surfaces

Type of ball Average height of bounce (cm) when dropped from
1 metre (cm)

Carpet Concrete Wooden Artificial
floor floor grass
45 65 50

cricket ball 30
table tennis ball 50 40 60 40
basketball 60 50 70 45
soccer ball 55 50 60 40

Ada wants to use these observations to predict which surface a golf ball will
bounce the highest. The thinking/working involved is shown in Table 6.

TABLE 6 Creating a prediction from observations

Thinking Working

Compare the new By comparing the golf ball to the balls already.
situation to prior tested, Ada will see that the golf ball is most
knowledge toidentify a | similar in structure to the cricket ball because
similar situation. they are both solid, whereas the other balls

are filled with air. Therefore, she can use
her observations of the cricket ball to. make
predictions about the golf ball.

Draw on what is known The previous experiment shows that the

about the similar cricket ball bounces highest on the concrete

situation. floor in comparison to other floor types, which
is a similar ball to the golf ball that she wants
to test.

Use the known Ada can predict that the golf ball will bounce

information to make a highest on the concrete floor because it has a

prediction about the similar structure to the cricket ball, which was

new situation. found to bounce highest on the concrete floor

in the previous experiment.

3 Planninginvestigations

3.1 Writing amethod for an experiment

The method of an experiment is written as a list of numbered steps. These
steps should clearly describe the process to be followed.

Your method must be reproducible. This means that other scientists should be
able to use your method to repeat the experiment exactly. It is often helpful to
include a diagram that shows how the experiment was set up.

Apparatus required for the experiment should be listed separately, and how the
apparatus is used should be made clear in the method.

Working scientifically toolkit .
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Writing a method for an experiment

Follow this checklist when writing a comprehensive and accurate method.

Consider the order in which the actions must be carried out.
Write the method as a series of numbered steps.

Include details of the materials, including the sizes and types of
equipment and quantities of substances used.

Include safety notes where required.

Make clear what observations and measurements are required'and
how they are to be recorded.

Check that your apparatus list includes everything required.in the
method.

O O O Od

Example

Kylie is planning an experiment to investigate the effect of sunlight on seedling
growth. Her prediction is that seedlings left in direct sunlight will grow taller in
10 days than seedlings grown in the shade. Her method is given below.

[ 10 seeds are used in case
some do not germinate

(start to grow).

/ =3 Apparatus
0!

\

Kylie has selected a 1\ * 10 peaseeds * Gplant pots
number of plants and @J * 5009 potting mix e 30 cmruler
ensured that they all start at * tapwater e 25 mlL measuring cylinder

L similar heights. J \E fi} ¢ cottonwool * electronic balance

(" The size of the pots, the \\{ a\‘ Mg

amount of water given to the 1 Germinate 10 pea seeds on damp cotton wool.

plants and the amount of soll \\@ 2 Choose six of the germinated seedlings to grow that have a height of
that they are grown in are e approximately 12 mm each.
controlled variables which ﬁ\ 3 Plant one seedling in each of six pots of the same size. For each pot,
\_ sheis keeping the same. use 80 g of quality potting mix, and water with 10 mL of tap water.

p
o |
7 . ___» Safety note: that gl hen handli TLi ix, as it
‘, It is important toinclude. )——— —» Safety note: ensure that gloves are worn when handling potting mix, as i

ﬁr] may contain harmful microbes.
\_ safety notes whenneeded. ) - v
& | Yy v 4 Place three pots next to a window that gets direct sunlight. Place

g The amount of light is the 3 6 the other three pots in a shaded area of the room.
independent variable. Kylie 5 Using a ruler, measure the height of the tallest part of the plant from
Is varying this by placing the the surface of the soil. Draw up a results table and record the results
\_ plants indifferent positions. ) for each pot in the column from the first day.

P

6 Measure the height of the plants in the same way two days later.

A Itis clear what " Record the results for each pot in the column for day 2.
measurements are made, E 3 7 Immediately after measuring, give each plant 10 mL of water.
and how accurate they ﬁ/ & Repeat steps 5 and 6 every two days for the next 10 days,
. 9% should be. VR ‘} keeping the plants in the same position to maintain lighting
conditions.

‘ Kylie always clearly states Y~ & 3
. how much water is used.
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3.2 Reducing risk KEY TERM

The management of risk in experiments is an important part of ethical risk the likelihood of
behaviour in science. something harmful occurring
Identifying risk

Before starting an investigation it is important that you identify and reduce
potential risk. Consider the following checklist before conducting an
experiment to ensure that all aspects of risk have been considered.

The locations for the investigation (e.g. in a laboratory or outside) |:|

The equipment and substances that are being used, and how they
are being used

What clothing and protective equipment should be worn |:|
Reducing risk
Risk in science can be looked at in three main areas: behaviour, equipment and
substance.

Behaviour risk reduction

When conducting an investigation it is important to follow safety rules
and avoid behaviours that increase risk. The following steps can be used to
reduce risk.

Identify the safety rules and personal protective equipment that
need to be followed and used during the investigation.

Determine how you will make sure that these rules are followed. |:|
Describe how you will follow the safety rules in your experiment
method.

Example

Sophie is wanting to conduct an experiment that uses a Bunsen burner to heat
wax on different types of metals. Behaviours that reduce risk include keeping
the bench tidy and wearing protective clothing, such as safety glasses and a lab
coat. She will also consider that long hair will need tidying back away from the
flame and ensure that no one touches any hot materials after the experiment is
finished.

Equipment risk reduction

When working with equipment, take the following steps to reduce risk.

Identify the equipment that you will be using and any potential
hazards.

(1]

Determine how to use each piece of equipment safely.

Describe how you will safely use each piece of equipment in your
method.
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KEY TERM

accuracy how close a

measurement is to the true

value of the quantity being
I measured

Example

Abhi is going to use an electronic balance to weigh mud in glass beakers at the
start and the end of an experiment. As mud contains moisture it is important
for Abhi to consider the use of electrical equipment near wet substances. Abhi
should also consider using glass in this investigation as it can easily break into
sharp pieces.

Substance risk reduction

When working with substances such as chemicals, take the following steps to
reduce risk. Information can be located in Safety Data Sheets (SDS) for each
substance.

Identify the substances that you will be using and any potential
hazards.

Determine how you will carefully use each chemical
Determine how you will safely dispose of each chemical.

Describe how you will safely use and dispese of each chemical in your
method or risk assessment.

1 OO

Example

Jia is going to use different household chemicals in an investigation. She should
consider which substances can cause risk, including corrosive acids, and
chemicals that can-produce vapours that are harmful when inhaled (breathed
in). She also needs to write down how the substances will be disposed of at the
end of the experiment. She consults the laboratory technician or teacher about
the different chemicals, and they look through the SDS for each substance
prior.to conducting the experiment.

4. Conducting investigations

4.1 Selecting equipment for accurate
measurement

The equipment used in science experiments includes equipment used for
performing tasks, such as a Bunsen burner for heating, and equipment used for
taking measurements, such as a measuring cylinder for measuring liquids.

When choosing equipment for taking measurements, the choice of type of
the equipment, and the measuring capacity of the equipment, can affect the
accuracy of measurements.

Consider the following when selecting equipment for taking measurements.

Will this equipment allow the most accurate measurement? |:|

Is the equipment the correct size for measuring the quantities in this
experiment?

Is there a way to record the data digitally, to increase the accuracy
and ease of measuring and recording the data? |:|
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Example 1

When accurately weighing an object, it is important to use a balance that is
accurate enough. Generally, the smaller the quantity the balance can measure, the
more accurate the measurement will be. The electronic balance in Figure 4 weighs
to two decimal places. Therefore, the increments are 0.01 g for this balance.

Example 2

If you need to accurately measure around 40 mL of a liquid, select a measuring
cylinder (Figure 5). It is designed to measure volume accurately compared to a
beaker, which is only meant to hold liquids, rather than measure them.

Scales and accuracy

The accuracy of measurements will depend on the scales on the measuring
equipment. Many scientific instruments use a scale to measure. Examples
of equipment that use scales include rulers (distance), measuring cylinders
(volume) and thermometers (temperature).

Scales contain label graduations, normally spaced an equal distance apart.
The difference between one graduation and the next is called an increment, as
seen in Figure 6.

In the example above, it was said that a measuring cylinder should be used

to measure 40 mL of liquid. For the greatest accuracy, a 50 ml. measuring
cylinder (Figure 5) should be used rather than, for example,a 100 mL
measuring cylinder. The smaller the measuring cylinder, the smaller the scale
increments between the graduations, which allows for a.more accurate reading.

1.1 1.2 1.3 1.4 1.5
increment graduations

FIGURE 6 Increments and graduations of a scale

The smaller the increment, the more accurate the reading. See Figures 7 and 8
for examples of different increment sizes in measuring cylinders.

Working scientifically toolkit

FIGURE 4 This digital balance
measure mass in grams to two
decimalplaces.

FIGURE 5 A 50 mL measuring
cylinder would be more accurate in
measuring 40 mL of liquid than a
100 mL measuring cylinder.

KEY TERMS

graduations markings that
indicate quantities on a scale
increment the value of

the difference between
graduations on a scale

“ 4

FIGURE 7 The increments in this 50 mL
measuring cylinder are 1 mL as there are
10 graduations between the 40 mL and the
50 mL mark.

e
\ '

FIGURE 8 The increments in this 10 mL
measuring cylinder are 0.2 mL as there are 10
graduations between the 6 mL and the 8 mL
mark.
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4.2 Reducing error and improving accuracy

Errors occur when taking measurements and may be systematic or random
errors. Table 7 gives an overview of these types of error.

TABLE 7 Types of experimental error

random These are not the same every time. The There will be some Using equipment
errors measured value can be greater than the true random error that is not'accurate
value of the quantity, or less than the true whenever any enough:.
value. measurement is
taken.
systematic | These cause a more predictable error. The Systematic errors An instrument
errors measured result is always higher, or always do not always thatis not used
lower, than the true value. occur when taking correctly, such as
measurements. not being re-zeroed.

Error can be reduced in the following ways.

To reduce random error occurring:

KEY TERMS

random error error that e select the most accurate measuring device available

affects measurementsin an e learn to use the measuring device correctly

unpredictable way, measured e conduct repeat trials and calculate the average of the results.
values can be higher or lower . .

than the true value "To reduce the chance of systematic error occurring:

repeat trials repeat of an
individual test or measurement
within an experiment or

¢ check the measuring device has been reset to zero before taking a reading
e ensure you are measuring only what you intend to measure. For example,

investigation make sure that a chemical that you are weighing is not wet as this will
systematic error an error increase the measured mass

that affects measurements in ¢ ensure all of what you intend to measure is being measured. For example,
a predictable way; measured if some of the chemical is not transferred to the container being weighed,

values will always be higher
or always lower than the true |
value

the measured mass will be reduced because not all of the chemical is being
recorded.

y ) Example

Mai needs to measure the volume of rainwater that she has collected in a

plastic cup. She wants to ensure that her measurement is as accurate as
possible. Table 8 shows how she has selected an appropriate piece of equipment
to take this measurement.

TABLE 8 Thinking and working used for selection of measuring equipment

Maimust select the correct | Mai knows that the best way to measure volume is using a measuring cylinder.
equipment for the task. She will use a measuring cylinder to measure the volume of the water she has
collected.

How can Mai reduce random | Mai knows that the bigger the range of the measuring device, the less accurate
error? it is. Therefore, she needs to choose a measuring cylinder that will have a high
level of accuracy for the volume of water she has collected. It should not be
too big. She should use a 50 mL measuring cylinder and read the measurement
carefully.
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Thinking Working

Mai needs to plan to reduce | Maineeds to make sure that she is measuring all of the water she has collected.
systematic error by thinking | If any water is left in the cup, or if any water is spilled when tipping the contents
about how to use the of the cup into the measuring cylinder, her measurement will not be accurate.
equipment correctly. Mai will carefully tip all the water into the measuring cylinder, making sure all
water is successfully transferred.

She must also take the reading from the bottom of the curve of the surface of
the water (the meniscus), making sure their eyes are level with the surface of
the water. This will prevent an inaccurate reading of the volume.

Mai needs to take steps to | Mai will pay close attention to what she is doing and not be distracted. She
avoid making mistakes. will double check that she has recorded the measurement correctly, using the
correct units.

4.3 Selecting and using secondary data

When planning and conducting investigations, you will often need to do some
research, which will involve the identification and use of secondary data.

When looking for resources, try to draw from a wide variety of reputable
source, including books, websites, magazines, scientific journals and videos
(Table 9). However, the focus should always be on selecting the best resources
for the task.

TABLE 9 Advantages and disadvantages of information sources

Type of Advantages Disadvantages
resource

book e Information is easy to e Information can be
find through the table of outdated.
contents and index. o Can take time to locate
¢ Information has been the exact information you
edited by an editor. require.
o Information is usually well
researchedand written by
an expert.
website e Provides access toahuge | ¢ Anyone can publish on
amount of information on the internet, so it can be
the one topic. difficult to work out what
+ Information can be updated information is accurate and
easily. reliable.
magazine/ e Information is usually up to | ¢ Can be very technical and
journal date and contains recently difficult to understand.
researched information. o Can be biased.
video/ ¢ Can provide first-hand ¢ Can be difficult and time-
documentary accounts of events and consuming to find specific
situations. information.
e Engaging and easy to » May not be accurate and
watch. can be biased.
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5 Processing data and information

5.1 Types of scientific data

Results that are collected during a science investigation can be either
quantitative or qualitative data, as shown in Table 10.

TABLE 10 Types of scientific data

Type of data Example

Quantitative data is produced when
a quantity or amount of something is
measured and recorded. Quantitative

Continuous data can have any value,
including a decimal value.

the height of a plant, e.g.
11.5cm

Discrete data can only have separate

the number of leaves on a

data can be continuous or discrete.

values (normally whole numbers). plant

is observed and recorded.

Qualitative data is produced when the characteristic (or ‘quality’) of something

the colour of the leaves or
the smell of the plant

5.2 Using units in science

The International System of Units, or SI units, is a standard way of measuring
things that is used by scientists around the world. It is a universal language for

measurements based on seven base units. Some examples of these that you will
use in science are shown in'Table 11.

TABLE 11 Examples of Slbase units used in science

Sl base unit Used to measure Notes

metre (m) length or distance | 1 m=100cm

Kilogram (kg) | mass 1kg=1000g

second (s) time There are 60 seconds in a minute.

There are other units that are not base SI units but are commonly used
(Table 12).

TABLE 12 Examples of other common units used in science

degrees temperature uses the same increments as the Sl
Celsius (°C) unit kelvin (K)

millilitres (mL) | volume 1000 mL =1 litre (L)

newtons (N) force named after Isaac Newton

5.3 Converting between units

Measurements must be in the same units before you can compare them.
Having the measurements in the same units makes the comparison fair.
Figure 9 shows some common standard unit conversions.
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Length Volume
%1000 x10 x100 %1000 %1000
micrometres  millimetres  centimetres metres kilometres  millilitres litres
(um) (mm) (cm) (m) (km) (mL) (L)
+1000 =10 +100 +1000 +1000
Time Mass
/Xa)\‘ /XéO\‘ %1000 %1000
hours minutes seconds milligrams grams kilograms
(h) (min) (s) (mg) (2) (kg)
+60 +60 +1000 +1000

FIGURE 9 Common conversion measurements for length, time, volume and mass

Converting a smaller unit to a larger unit

To convert from a smaller unit such as grams (g) to a larger unit such as
kilograms (kg), you need to divide the value you have by the number of these
units in the larger unit. In this case it is 1000 because there are 1000 g in 1 kg.

Example

If you had 1600 g of salt but you needed to know how much salt you had in
kilograms, you would divide the mass of the salt by 1000 to convert it to kilograms:

1600 _ ; ¢ yg
1000

Converting a larger unit to a smaller unit

To convert from a larger unit such as litres (1) to a smaller unit such as millilitres
(mL), you need to multiply the value you have by the number of smaller units in
the larger unit. In this case it is 1000, because there are 1000 mL in 1 L.

Example

If you had a bottle of water that holds 0.5 L. of water and you needed to know
how much water it holds in millilitres, you would multiply the volume by 1000
to convert it to millilitres:

0.5 x 1000 = 500 mL

Other examples are shown in Table 13.

TABLE 13 More examples of unit conversions

Original measurement Conversion New measurement

0.656 g of gold x 1000 656 mg of gold
1871 mg of silver /1000 1.871 g of silver
600 mL of water /1000 0.6 L of water

Units for time

Time is often measured in minutes (min) and seconds (s). To compare
measurements of time or to plot measurements of time on a graph, the times
must be converted to just seconds or just minutes. Stopwatches are one method
that is commonly used in science classrooms to measure time (Figure 10).
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FIGURE 10 Time recorded on a
stopwatch
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FIGURE 11 Force being measured
with a newton meter

When you have a measurement of time that includes both minutes and seconds,
you can convert the time to seconds by multiplying the number of minutes by
60 and then adding this answer to the number of seconds.

For example, to convert 5 min and 6 s in Figure 10 to seconds, you multiply
5 by 60 and then add the 6 s to the total:

Time in seconds = (5 X 60) + 6 = 306 s

5.4 Calculating the mean (average) of a setof
data values

In science investigations, averages, or means, are used to increase the accuracy
of results. Averages are calculated from a set of results (a data set), in which
each individual result is called a data value.

How to calculate mean (average) value
Add the data values together and divide by the number of data values.

Example

Shasma used a newton meter to measure the force required to move an object
along the ground (Figure 11). She repeated the test four times and results are
given in Table 14.

TABLE 14 Force required to move an object

1 2 3 4
Force (N) 5.2 4.9 5.0 51

Total of data values = (5.2 + 4.9 + 5.0 + 5.1) = 20.2

Mean value = 2(372 =5.05N

Always remember to include a unit in your final answer.

5:5 Designing a results table

Results tables are important for the accurate recording of data. The following
method should be used to design a results table.

e Identify what is being recorded in the experiment. This is often the
independent variable that is being changed, as well as the dependent
variable.

For any quantitative data used identify the correct units and add to the
column or row title.

¢ Find out or decide how many results will be recorded.

e If repeat trials will be conducted, plan to include room in the table to
record these results and calculate the average (mean) value.

¢ Draw up a table that is large enough to fit all the required results.

¢ Add the names of the two variables being recorded, along with their units, at
the top of the appropriate columns as headings. The independent variable is
on the left-hand side, and the dependent variable at the top.

¢ @Give the table an informative title and figure number.

PEARSON SCIENCE STAGE 4 NEW SOUTH WALES



Working scientifically toolkit .

Example

Rue was investigating the time it takes for sugar to dissolve in water at different
temperatures. Rue’s results table is shown below (Table 15).

TABLE 15 The time taken to dissolve sugar in water at different temperatures

Temperature | Time taken to dissolve 5 g of sugar in 50 mL of water (s)

of water (°C) | Trial 1 Trial 2 Trial 3 Average time

20 110 105 102 105.7

45 25.0 24.0 27.0 25.3

80 7.0 10.0 8.0 8.3
Notes:

¢ To make it easy to compare values, all the times are giving in the same unit,
in this case seconds (not minutes and seconds).

¢ Units are included in the column headings and not with the data in the table.

¢ Make sure that table has a title that includes the dependent and independent

variable.

5.6 Line graphs and column graphs KEY TERMS

. quantitative data data
Line graphs produced by recording
These are used to display quantitative data. Data values are plotted as points a quantity or amount of
on the graph. A line is then drawn through these points that shows the pattern something (Toolkit section 5.1)
or trend in the data. A line graph is often used when a set of data is purely repeat trial repeat of an
numerical. individual test or measurement

within an experiment or

The axes of a graph are called the y-axis and the x-axis. investigation

independent variable the
factor that is changed in an

.. ) . . investigation to find out how it
¢ The x-axis is the horizontal axis that points across. The dependent variable affects another factor (Toolkit

is placed on the y-axis. section 1.2)
dependent variable the
variable that is being measured

. . in an experiment; it can vary
axis Are the scales on the axes suitable, so that the data as the independent variable

takes.up at least 80% of the grid space? changes (Toolkit section 1.2)

trend a noticeable pattern or
movement in data

¢ The y-axis is the vertical axis that points upwards. The independent
variable is placed on the x-axis

You can use the following questions as a checklist when drawing graphs.

scales Do the scales have consistent increments?

variables  Are the variables on the correct axes?

labels Is each axis labelled, including correct units?

data Is each data point plotted correctly? Are they clearly
visible?

line Is there a smooth line included that shows the pattern

or trend in the data?

title Does the graph have a title that includes the dependent
and independent variable?

1 O O OOk

WORKING SCIENTIFICALLY TOOLKIT




. Working scientifically toolkit

KEY TERMS

discrete quantitative

data data produced by
recording a quantity or amount
of something that can only
have separate values (normally
whole numbers) (Toolkit
section 5.1)

qualitative data observations
that are descriptive only

(no quantity or number)
(Toolkit section 5.1)

Example

Jack was investigating whether there was a connection between the mass of an
object (he used sandbags) and the force required to pull it along a bench top.

His data is shown in Table 16.

TABLE 16 Force required to move sandbags of different mass across the bench

Mass of sandbag (kg) Force required to move the
sandbag (N)

0.5 4.0
1.0 7.8
15 12.0
2.0 15.2
2.5 19.2
3.0 23.0

Mass is the independent variable,
so it needs to go on the x-axis.
The age data range is from

0.5 - 3.0, so the x-axis will need a
suitable scale to fit this data:

Force is the dependent variable, so it
needs to go on the y-axis. The force
datarange is from 4 - 23, so the
y-axis will need a suitable scale to fit
this data.

Jack’s graph could look like Figure 12.

Relationship between mass and force
required to move sandbags
25+

—_ — [\*)
(=) 9] S
| | |
o

Force required (N)

9}
|

0 T T T T

T T
0 0.5 1.0 1.5 2.0 2.5 3.0
Mass of sandbag (kg)

FIGURE 12 Line graph showing the relationship between force and the mass of

sandbags

Column graphs

These are used when some or all of the data is discrete quantitative data or

qualitative data.

e A column graph displays data using bars.
e The length of the bar indicates the data value.

e Asin a line graph, the independent variable is placed on the x-axis, while the

dependent variable is placed on the y-axis.
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Example

Kara carried out a survey of different birds seen in her garden during one
afternoon to see which type of bird had the most visits. She set up a webcam
and recorded every instance of the appearance of the birds. Her results are
shown in Table 17.

TABLE 17 Bird sightings between 2 pm and 5 pm on July 3

Bird type Number of sightings

magpie 4
honeyeater 7
pigeon 8
wren 2
thornbill 2

In this example, the type of bird is qualitative data, so a line graph should not
be used.

Kara’s graph could look like Figure 13. Note that she has used colour to make it

easier to compare the number of bird sightings.

Bird sightings between 2 pm and 5 pm on 3 July, 2024
124

.

.

A1

\ l

magpie honeyeater pigeon wren  thornbill
Bird type

—
(e}
|

e}
|

Number of sightings

FIGURE 13 Column graph showing the number of sightings of each different
bird type

5.7 Creating.aline graph using a spreadsheet

Data can be recorded in spreadsheet programs such as Microsoft Excel and
Google Sheets. These can be used to create a range of types of graphs (often
called charts in these programs). Here, you will learn how to create a line graph
using Microsoft Excel, but other programs work in similar ways.

Spreadsheet programs take data from a table and present it as the type of graph
(chart) that you select. You can then add the normal requirements for a line
graph, such as axis titles and units for scales, a heading, and a trendline to show
the pattern of the data. The spreadsheet program will automatically set the
ranges on the scales based on the data selected.
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A B
Mass of Friction
1 object (kg) force (N)
2 1.0 3.0
3 15 4.4
4 2.0 5.9
5 25 7.6
6 3.0 9.2
7 3.5 10.5
8 4.0 11.7

9 |

FIGURE 14 The independent
variable is the mass of the object
and the dependent variable is
friction force.

Entering the data

Step 1: Open a new spreadsheet and enter data into the cells. The data for the
independent variable should be placed in the first column. The spreadsheet
program will automatically place this data on the x-axis. The data for the
dependent variable should go in the second column. This will automatically be
placed on the y-axis.

In the example used here the relationship between the mass of an object and the
force of friction between the object and the bench surface is being investigated
(Figure 14).

Selecting the graph type

It is important to select the correct graph as otherwise the data might not be
displayed correctly.

Step 2: Select the data for the graph by highlighting the two columns
(Figure 15).

Step 3: Open the ‘Insert’ tab (Figure 15).

Step 4: In the Charts group, find the Scatter graphs. Choose the Scatter graph
without connecting lines (Figure 15).This will generate a graph that a line can
be added to.
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FIGURE 15 Once the data has been selected, you can choose how to present
the data

Completing the graph
Step 5:With the line graph selected, you will be able to see the Chart Design
tab. Click on it (Figure 16).

Step 6: Choose either ‘Add Chart Element’ or ‘Quick Layout’ to add
components to the graph. You will need to add axis titles (including units) and a
chart title (Figure 16).
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FIGURE 16 You will need to add the correct labels to the graph after creating it

Adding a trendline or joining the points

Step 7: If you want to add a trendline, click on ‘Add Chart Element’

(Figure 16) and choose “ITrendline’. If the data points are showing as a straight
line, choose ‘Linear’ (Figure 17).

Double clicking on the trendline will open the ‘Format Trendline’ box. Here,
you can change the “Trendline Options’ to find the one that best fits your data
(Figure 17).
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FIGURE 17 How you show the pattern or trend in your data will depend on the
data itself.

Finalising the graph
Once the graph has been created, changes can be made to improve the clarity
of the presentation of data and patterns shown by the data.

Step 8:To change the scale of an axis, click on that part of the graph. This will
open the ‘Format Axis’ box. From here, choose ‘Axis Options’ (the column
chart icon). Under ‘Axis Options’, you can set the minimum and maximum
values for the scale. If you want to change the scale in the other axis as well,
click on that axis scale and repeat this step.
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FIGURE 19 The observation is that
the iceis melting. The inference is
that the temperature in the room

is higher than the melting point of
theice.

Step 9: If you want to change any other components of the chart, you can do so
by clicking on that component. In this way, you can edit font, colour, size and
many other features.

The final graph is shown in Figure 18. In this version, the axis scales have been
cropped to fit the data, the colour of the trendline has been changed, secondary
gridlines have been added and the label for the y-axis has been aligned
horizontally to improve ease of reading.

The effect of increasing mass on friction
12

1
10
9
8

Friction force (N) 7

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Mass of object (kg)

FIGURE 18 Final graph after adjusting the chart elements.

6 Analysing data and information

6.1 Makinginferences

In science, an inference is an educated guess based on observations and prior
knowledge. It’s a way of figuring out something that isn’t obvious from direct
observation.

Example 1

Observation

An ice cube is left on the bench top. After a while, you notice that it’s turned
into a puddle of water.

Inference

The ice melted because the temperature in the room is warmer than melting
point of the ice, causing it to change from solid to liquid (Figure 19).The
knowledge used is that that ice melts when it gets warm.

Example 2

Observation

You have two plants. You put one in a sunny spot and the other in the dark.
After a week, the plant in the sun is healthy, while the one in the dark is wilting.

PEARSON SCIENCE STAGE 4 NEW SOUTH WALES



Inference

Working scientifically toolkit .

Plants need sunlight to grow properly. Even though you didn’t see the process
of photosynthesis happening, you can infer from your observations that
sunlight is important for plant health.

6.2 Evaluating investigations

The aim of most investigations is to produce data that does or does not
support a hypothesis, often by testing a prediction. Scientists need to have
confidence in the data from an investigation before using it as evidence to
develop conclusions or make decisions. Scientific investigations are evaluated
by the quality of the data that they produce.

How do we evaluate data from investigations?

Data can be evaluated using the four main criteria shown in Table 18.

TABLE 18 Criteria for evaluating data from investigations

Criteria

Definition

Example question

accuracy | How close a Was the most accurate Use equipment that Accuracy and
measured value is | measuring cylinder available | is best suited to what precision are
toits actual value. | used to measure the you are wanting to more about
volume of a liquid? measure to get accurate individual
measurements. measurements.
precision | How well multiple | Was the electronic balance | Take multiple
measurements of | checked to see if it gave the | measurements of the
the same thing, same results when it was same thing to check that
made under used to weigh the same your measurements are
similar conditions, | object three times? precise.
give similar values
reliability | How well repeated | When the experiment to When repeating an Reliability and
experiments, test the distance that experiment, it is important | validity are more
observations or measured the distance a to use the same method about the overall
measurements toy driver travelled after a and conditions as the results from the
produce similar collision, were the results original experiment. investigation.
results. similar in each experiment?
validity How well the When investigating a car Only change the
method used in travelling down a ramp from | independent variable and
the investigation different heights, were all keep all other variables
tests the the controlled variables constant. This allows you
question, constant during the to measure the effect
hypothesis or investigation (for example, of the independent
prediction that it the angle of the ramp) and variable on the dependent
was designed to was only the independent variable (This is what the
test. variable changed? investigation aims to test).

6.3 Analysing a line graph
Creating a line graph and analysing its shape can help to show the relationship
between two variables. Remember that the independent variable is placed

on the x-axis while the dependent variable is placed on the y-axis.
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Analysing the gradient of a line graph

Use the following dot points to help analyse a line graph.

e If the gradient (slope) of the line graph shows an upward pattern, the
dependent variable is increasing with the change in the independent variable.

e If there is a downward pattern to the gradient, the dependent variable is
decreasing with the change in the independent variable.

e The steeper the gradient, the faster the increase or decrease.

e When the gradient is zero, i.e. the graph is horizontal, there is no change to
the dependent variable during this time.

Example
Figure 20 shows the change of temperature of water over time as ice is heated.

¢ Between 20 and 40 seconds, the line is horizontal, so the temperature is not
changing. It is remaining constant at 0°C.

e Between 50 and 80 seconds, there is a small positive (upward) gradient. This
shows the temperature is increasing slowly.

¢ Between 90 and 120 seconds, there is a steep positive gradient. This shows
the temperature is increasing quickly.

e Between 130 and 160 seconds, the line is once again horizontal. The
temperature is remaining constant-at 100°C.

Temperature changes in melting ice

120 i
100+ 4 )
O 80 - 9 J
v I o
5 604~ “
g |
g 40+ N
=
2 20+
0 - * * * - T T T T T T T T
J0 20 40 60 80 100 120 140 160 180
-20
Time (s)
| | || | || | || | |
Temperature Temperature Temperature Temperature
stays the same  increases increases stays the
gradually rapidly same

FIGURE 20 Graph showing how the temperature of water changes over time as ice
is heated

6.4 Outliers and anomalies

An outlier is a value that does not fit the pattern shown by the rest of the
data set. Outliers are often caused by a mistake when measuring, recording or
processing data. If there is an outlier in your data, include it in the graph, but
ignore it when analysing the trend of the data.

Example

A student was investigating how heart rate changes after exercise. The results
are shown in Table 19.
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TABLE 19 Changes in heart rate after exercise
Heart rate (beats/

Time after finishing

exercise (min) minute)

0 122
1 108
2 98
3 81
4 87
5 84
6 82

This data is displayed as a line graph as shown in Figure 21.

Heart rates over time
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FIGURE 21 Changes in heart rate for six minutes after exercise

The data point at 3 minutes clearly does not match the trend shown by the
other values so it can be considered an outlier. Therefore, the trendline that is
drawn does not include this data point.

Managing outliers

Sometimes an outlier can be removed from the data, especially if there is only
one outlier in a large data set. The trial can be repeated if time and resources
are available.

6.5 Trendsin'data

A trend is a type of pattern in data. A trend is seen when the dependent
variable changes in one direction (always increasing or always decreasing).

For example, the increasing height of a helium balloon shown here is a trend
because the balloon will keep rising. You can see this trend in Figure 22.

6.6 Cause-and-effect relationships

When one variable is causing changes to another variable, this is a cause-and-
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effect relationship. Data from an experiment will often find a correlation
where there is a link between two variables. However, correlation does not
always mean that there is a cause-and-effect relationship (see Table 20).

FIGURE 22 The height of the
balloon (a) is showing an upward
trend on the graph (b)
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TABLE 20 Comparing cause and effect to correlation

Correlation | Sometimes there might be a link The number of ice creams sold is often correlated
between two variables. This is called a with the number of sunburns in the same period. Of
correlation. However, correlation does course, this does not mean that the ice creams cause
not always mean that there is a cause- | sun burn. It's more likely that both ice cream sales
and-effect relationship. and sunburns increase during a period of hot weather.

Cause-and- | When one variable is actually causing Eating more sugary foods is related to the amount

effect changes to the other variable, this is a of tooth decay. This describes a cause-and-effect
cause-and-effect relationship. relationship because evidence shows that sugary

food increases bacterial growth that leads to tooth
decay.

Proving that the change in the independent variable is actually causing the
change in the dependent variable is more challenging than finding a correlation,
and requires the application of scientific knowledge, understanding and the
scientific method.

In order to establish whether a relationship is actually a cause-and-effect when
undertaking an experiment, the following strategies can be used.

¢ Ensure that the question thatis being investigated is a reasonable one and
involves variables that can be measured.

¢ Develop a hypothesis based on scientific understanding.

e Identify all other variables that need to be kept the same (the controlled
variables).

¢ Ensure that only the independent variable is changed, and all controlled
variables are kept constant to reduce the risk that anything other than the
independent variable is causing the dependent variable to change.

¢ Reduce sources of error in the experiment to ensure that any change in the
dependent variable is not caused by error.

e Where needed, conduct a control (see below).

Control

A control is an experimental test where the independent variable is not changed
or not included, and the results compared to the results of the experiment
where the independent variable is changed. This helps to ensure that the
independent variable is the cause of the effect.

¢ All other experimental conditions are kept the same.
¢ The dependent variable is still monitored.

¢ If the dependent variable changes even when the independent variable
remains the same, it is evidence that suggests that it is not the independent
variable that is causing the change.

¢ In this case, it might not be a cause-and-effect relationship.

Example
FIGURE 23 The height that A student is investigating whether there is a cause-and-effect relationship
seedlings grow could depend on between the amount of fertiliser used and how tall a plant grows (Figure 23).
the amount of fertiliser used Consider the thinking and working steps shown in Table 21.
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TABLE 21 Thinking and working involved in testing a cause-and-effect relationship

Identify the independent and independent variable: amount of fertiliser

dependent variable. dependent variable: height of plant

Write a prediction based scientific If more fertiliser is used, the plant will grow taller (based on the

knowledge. knowledge that the fertiliser provides nutrition that is required for
growth).

Identify all other variables that o amount of water

might affect the growth of plant » same size seedlings

(controlled variables). * type of soil

o temperature
¢ amount of sunlight
¢ size and shape of plant pots

Carry out the investigation keeping The investigation was carried out and it was found that as more

controlled variables the same fertiliser was used, the plants did grow taller over a time period of five

throughout. days.

Include a control. A control is carried out where four plants were tested, all with no
fertiliser added.

Analyse the data to confirm a The plants in the control all grew a similar amount. From this we can

correlation. infer that the amount of fertiliser is causing the difference in growth.

Evaluate the results to confirm a There was an increase in the growth of the plants as more fertiliser

cause-and-effect relationship. was used, showing a correlation. The fact that there was no significant

difference to the growth when no fertiliser was used, suggests that it
is the fertiliser that was causing the different amount of growth.

Often further experiments, or improvements to the experimental method, may
be required to provide more evidence to test a-hypothesis about a cause-and-
effect relationship.

6.7 Evaluating precision

Precision is how well multiple measurements of the same thing, made under
similar conditions, give similar results. Data points are compared to estimate
the level of precision. If the values are similar, the precision is likely high. The
smaller the size of the measurements, the closer the results should be to each
other.

Example

The mass of a bag of 100 one-dollar coins is measured five times, and the
results are 912.0 g,912.1 g,911.9 g,912.2 g and 912.1 g. The results are
precise because they are very similar to one another.

Evaluating precision

To measure the level of precision, calculate the range of the results. The range
is the difference between the highest and the lowest measured value. A low
range equals a high level of precision. The range should be compared to the size
of the measurements when deciding if the range seems high or low.

In the example above, the range is calculated as follows:

range = 912.2-911.9=03g
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KEY TERMS

valid the description of an
investigation, experiment or
method that measures what it
set out to measure

validity how well an
experiment and its results meet
the requirements of a fair test

KEY TERM

reliability a measure of 1

how well the results of
an investigation can be
consistently reproduced

0.3 g is very small compared to the size of the measurements (over 900 g)
Therefore this is a very low range, and the data is very precise.

Note that precise data may not be accurate, as all the measurements may be
incorrect.

6.8 Evaluating validity

Validity is how well the investigation tests the question, hypothesis or
prediction that it was designed to test.

In simple terms, a valid investigation is a fair investigation. For an experiment
to be valid, any variables that might affect the result unintentionally, and thus
make the experiment unfair, must be kept the same (controlled variables).

To evaluate the validity of the experiment, it is important to identify all the
other variables that might affect the results and to ensure that they are kept
constant, as well as to ensure that the method is designed to test the aim.

Example

An investigation aimed to test the effect of stopping smoking on blood pressure.
To try to ensure the experiment is valid, all the blood pressure measurements
were taken at the same time of day, after the same amount of rest and using the
same method.

When evaluating this investigation, some other variables that could affect the
result are identified, for example the kinds of food the person was eating and
how much exercise they did. By controlling these variables, the experiment’s
validity can be improved.

The validity of experiments can also be evaluated by comparing results from
other people or teams who have conducted the same experiment (Toolkit
section 2.2)

6.9 Evaluating reliability

Reliability is how well experiments, observations or measurements produce
similar results when repeated. Reliability can be applied to results within an
experiment, or to the overall findings of an investigation.

Factors affecting reliability of results

A number of factors can affect the reliability of results, including the accuracy
and precision of the measurements, and the method used for the experiment.

Example

The effect of temperature on the melting time of chocolate is being
investigated. In this experiment, the factors affecting the reliability of the results
include:

» using the same stopwatch for each trial and using it correctly
e using the same amount of chocolate for each trial
e using the same heating method, equipment set-up and temperature

e using the same observation method to determine whether the chocolate has
all melted.
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The time taken for 5 g of milk chocolate to melt at 60°C, 70°C and 80°C was
measured four times. The results are shown in Table 22 below.

TABLE 22 The time that 5 g of chocolate takes to melt at different temperatures

Temperature (°C) Time to melt (s)

60 61 64 59 62
70 53 58 55 56
80 41 57 42 52

Reliable results

Carrying out repeat trials as part of an experiment makes it easier to evaluate
reliability. If data from each trial is similar each time, then the method is .
reliable. In this example the results for 60°C and 70°C are reliable, but the _rep_eat trial repeat of an
o . . . . I" individual test or measurement
results at 80°C are not reliable as they vary considerably from trial to trial. W A .
within an experiment or

If a whole experiment is repeated (called a replicate) and the overall Investigation

conclusion is the same, the experiment can be described as reliable. Note that  replicate repeat of an entire
reliability is not the same as precision. Precision is about just taking a single experlment, often carried out
measurement that is not affected by other variables. by different people

KEY TERMS

7 Problem-solving
7.1 Approach to problem solving

There are many different types of problems we face in science. The following
steps will guide you through the process of problem-solving.

Step 1: Understand | Start by reading the problem statement thoroughly. Make sure you understand what is
the problem being asked. Identify key information; highlight or note down important details, such as
given data and what you need to find.

{

Step 2: Gather Think about the scientific concepts related to the problem. This might include formulas,
background definitions, or principles you've learned. If you're unsure about certain concepts, take a
knowledge moment to look them up in your textbook or online resources.

¢

Step 3: Plan your Think of different ways to approach the problem. Evaluate these to decide on the best
approach method to tackle the problem. Divide the problem into smaller, manageable parts if it
seems complex.

Step 4: Execute Use the relevant scientific understanding to work through the problem. If you're
your plan conducting an experiment, record your observations clearly.

{
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Step 5: Review and | Go over your solution to ensure that it makes sense and that you haven't missed any
reflect steps. Compare your answer with expected results and/or seek feedback from others.
Step 6: Present your solution in a clear and organized manner. Use correct scientific language
Communicate your | and, if applicable, include diagrams or charts to illustrate your solution.

solution

{

Step 7: If you made errors, think about what went wrong and how you can avoid them in the
Learn from the future. Ensure you understand why your solution works and how the scientific principles
process apply.

Notes:

* Always be open to learning new things and asking questions if you’re unsure.

¢ The more problems you solve, the better you’ll get at understanding and
applying scientific concepts.

8 Communicating
8.1 Scientific writing

Scientific writing is factual. This means that it provides information or facts that
are known to be true. Factual writing does not use emotions or feelings when
describing or explaining things.

Example
Scientific Sewage, which is wastewater from kitchens and bathrooms,
writing can be recycled to make potable water suitable for human

consumption.

Non-scientific | Sewage which is wastewater from kitchens and bathrooms
writing can be recycled but it is disgusting, and I would not drink it.

Scientific writing is also formal and does not use ‘conversational language’.

Example
Scientific Children were told the risks of using the Bunsen burner and
writing the importance of using exactly 5 cm of magnesium ribbon

for the experiment.

Non-scientific | The kids were told to watch it using the Bunsen burner and
writing to get about 5 cm of magnesium ribbon for the experiment.

8.2 Scientific diagrams

Scientific diagrams are used to present written information in a simplified,
more visual way. A good diagram will provide a lot of information in a concise
way that is quick and easy to understand.
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General drawings and | These are accurate representations reflecting shape, colour and proportions.

diagrams (Figures 24 Labels, notes or a key can describe and identify features.

and 25)
Arrows should be used to show direction of processes (as Figure 24).
Arrows should not be used to label parts and features.
Experiment report These are two-dimensional (2D) with carefully ruled lines, in correct proportions.

drawings (Figure 25) Equipment is labelled and connected to the object with a pointer line.

Labels are written in clear print.

Figures 24, 25 and 26 demonstrate features of scientific diagrams and
drawings.

plant uses The labels on

carbon dioxide — ... &
‘}' ”y 4 to make sugar this diagram

/ show carbon

/ and oxygen

z flow from plant
to animal, and
animal to plant.

These arrows
show how the
flow of oxygen | Plant produces s
released by — ———0Xygen
the tree is

then breathed
in by the cow.

These arrows
| show how

the flow of
carbon dioxide
released by the
cow through
breathing is
then absorbed
by the tree.

animal takeéi);{ /

plant takes in
in oxygen i

carbon dioxide,

FIGURE 24 Diagram demonstrating processes in the carbon cycle. It is simple and
clearly labelled. The arrows identify the stages in the carbon cycle; different coloured
arrows can be used to show movement of carbon dioxide and movement of oxygen.

stamen

| —
filament -~ anther

filament

stigma
style :| pistil

ovary

) sepal -
label with label showing
pointer breakdown of

plant part
receptable
stalk ovule

FIGURE 25 An accurate representation of the parts of a flower. Pointers are used to
link to a zoom-out feature. All features are clearly labelled.
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labels are written retort stand drawn and labelled
in print s — | in pencil
ring clamp 04

filter funnel-T

A\
\/’/\( T carefully ruled

beaker

pointer lines connect /

labels to equipment

FIGURE 26 2D experiment report diagram of equipment set up.

8.3 Drawing scientific equipment

School laboratories contain some common equipment that is used for
conducting experiments. This equipment includes instruments for measuring,
tools, glassware and personal protective equipment.

See Table 23 for examples of how to draw some common science equipment.

TABLE 23 Examples of scientific diagrams of laboratory equipment

Equipment Illustration Scientific Equipment illustration Scientific
name diagram name ’ diagram
beaker y | filter funnel \/
Bunsen burner test tube

conical flask tripod and L
{ \ gauze mat / \

Note how each piece of equipment is drawn in simple, two-dimensional (2D)
style as a ‘cross-section’ (splitting the equipment down the middle).

These individual pieces of equipment can be combined to create an image of
an experimental set-up. The same style of diagram should be used to show the
full set-up (Figure 27).

retort stand
SN

ring clam
o g p \

/
\(\ filter funnel
l J— beaker

FIGURE 27 Scientific diagram showing a filtration experiment that uses a retort
stand, a filter funnel, a ring clamp and a beaker.
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8.4 Writing a practical investigation report

The scientific method helps scientists report on what they did, what they
discovered and how their findings contribute to a better understanding of the
subject being investigated. The reports that you complete in class should aim to
do the same thing.

A report should include all the key aspects of the investigation, such as include
the aim, the hypothesis and/or prediction if required, a materials list, safety
notes, the method used with a diagram, results, a discussion that often includes
an evaluation of the method and the results obtained and then, finally, the
conclusion.

See below for an example of an investigation report.

Growing cress from seed 4 Reason for doing the "|

&3 Aim /,/’ \ investigation. )

r g
ﬁ To investigate the germination of cress seeds in closed and open
environments

(" Prediction specific to
the investigation, including

& 3 Prediction | what measurements of the
ﬂ If cress seeds are germinated in a container with a sealed lid, then there e ‘ dependent variable will be
will be more leaves on the plants after seven days of growth than for N\ recorded. > |
ﬂ seeds that are germinated in a container with no lid. ) g
4 N\
Safety [ Warnof any hazards, why |
=3 _—F | each is a hazard and how you

Sometimes fungus, such as mildew, can grow in seed-planting «— \ can reduce the risk. )

ﬂ containers. Mould can destroy the seeds and seedlings. The fungal 3 =%
spores are a health hazard if they are breathed in. Wear a dust mask as

ﬁ soon as mould is seen and discard the experiment into a sealed bag for

disposal in landfill.

' / List all materials, including )
& 3 Apparatus ~| amounts, and any equipment

=
-

* 2 plastic containers of the same shape and size, one with a lid r’/. \ required.

@::ag % P
: * 1 packet of cotton wool
ﬂ e 100 mLmeasuringcylinder

* water

ﬂ * 1 packet of cress seeds &

* " dustmasks for each person (may not be needed) [ Describe exactly how the |

&3 Method . R ‘ experiment was done, with
& \_ Clear,numbered steps. )

ﬁ 1. Cotton wool was placed into the bottom of two similar plastic
containers.

ﬂ 2 Using a measuring cylinder, equal amounts of water were added to
both containers so the cotton wool in both was equally damp.

ﬂ 3 30 cress seeds were spread evenly in each container.
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/" Record your results. Data ke

can also be shown in graphs,
\_sketches and photographs. )

\

(i you take several readings
of the dependent variable,
you can calculate the mean
(average) and remove any
outliers. This can help your

\_ results to be more reliable. .

4 The discussion can

address questions such as:

- Is there some reason why
the results are not as
expected?

- were there any problems
during the experiment?

- what did you do to
overcome them?

- what improvements could
be made to your method?

- do your results suggest
areas for further
investigation?

This can also include any
required calculations, and
suggested explanation(s) for

4 Alid was placed on one container, and then both containers were
placed side-by-side on a well-lit windowsill.

&3
s 1§

5 The water lost by evaporation was replaced so that equal moisture
content was maintained in both containers. The amounts of
additional water added are shown in the results.

6 Each day, the number of leaves was counted on at least 10-20
plants to avoid errors due to sick or diseased plants.

Results

A sample table (only partly shown):

Number of leaves on each plant

Covered with lid No cover or lid

E |Average

&3 L

Discussion

e Other groups conducting the same experiment also had similar findings

to ours, which indicates that the data is reliable. One plant stopped
growing and died during the experiment. If we had used more plants, the
effect of one plant failing to grow would have been reduced.

Conclusion

The results showed that, after 7 days, cress plants in the covered
container had more leaves than plants in the uncovered tray. The
numerical results were an average of 4.6 leaves per plant when covered,
compared to 3.7 leaves per plant when uncovered.

o |
&

Cress seeds grown in a sealed container had 24% more leaves than

\}he findings can be mdUded'_/“ ﬁ cress seeds grown in an open container. The results strongly supported

4 The conclusion relates \T

back to the aim, and, if there

is a prediction, whether the

results from the experiment
\_ support the prediction.

/,

the prediction because 24% increase in leaf development is a significant
difference and all plants except one in the containers with the closed lids
had more leaves on than the plants with no lids.

8.5 Referencing secondary data

Secondary data is any information created by someone else, such as books,
websites or government statistics. Part of ethical behaviour in science is to
acknowledge (give credit for) the work of others by correctly referencing the
source of all secondary data used. It is important to understand the data before
using it, and to ensure the data isn’t accidentally misrepresented or changed.
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When using secondary data in an investigation or in research, remember to
include the reference list of all sources of secondary data used (sometimes
called a bibliography) at the end of your report. This should be formatted in
a consistent style and include all necessary information for another person to
access the source.

A common referencing style used in Australia and around the world is the
American Psychological Association (APA) style. In your work, you might not
need to use APA style, but your references must be consistently formatted so
that they are easy to understand and use.

There are tools available to help generate your references, such as Microsoft
Word’s Citations and Bibliography tool (available in the References tab of MS
Word).

The key information that should be included in a reference is:

e author or organisation name that produced the information

¢ date the information was published (use n.d. if not known)

e article title, journal and date of issue

¢ book title and publisher

¢ name of the website (if different from the organisation name)
e webpage

¢ weblink.

Example

Sascha was investigating ecosystems and used information from the Atlas
of Living Australia to find out about bottlebrush plants (Callistemon)
(Figure 28).

Sascha’s reference is shown here. It includes the name of the organisation and
website (which is the same in this case), n.d. as the date is not known, the name
of the page and the weblink.

Atlas of Living Australia. (n.d.). Callistemon R.Br. https://bie.ala.org.au/
species/https://id.biodiversity.org.au/taxon/apni/51366602

If Sascha also used a book for her research, the reference would include the
author/s, the year and place of publication and the name of the publishers as
shown here.

Wrigley, J W, Fagg, M. (2009). Australian Native Plants. New Holland
Publishers

8.6-Using artificial intelligence (Al) in science
writing

Generative Al or just Al uses chatbots and digital assistants to access
information in large language models. These can generate text based on

inputs, often called prompts, and questions from the user. Al can also be used
to generate images, video and audio.

Working scientifically toolkit .

FIGURE 28 Bottlebrush plants
(Callistemon) are native to Australia
and found in many regions.

KEY TERM

large language model a type
of artificial intelligence (Al)
that can process, understand
and generate ‘human-type’
language
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Al can be a good tool for obtaining ideas about investigations and generating
questions. You must always follow guidance from your school about if, and how,
you can use Al in work. Unauthorised use of AI must be avoided.

It is important to understand the limitations of Al. These include:

* not knowing the amount of plagiarism in the sources used by the Al to
generate answers

 the possibility of errors in the content that the Al was trained on, which can
lead to misinformation in the output

e the way the Al works will depend on the prompts and the outputs that it has
been trained on. This can lead to output that ‘sounds good’ but it might be
explained in language not suitable the audience

e random errors that can creep into the outputs of Al, such as providing the
wrong explanation with a particular answer.

Therefore, any content generated from Al needs to be checked for the

following:
scientific accuracy |:|
suitability of language level for the intended audience |:|
correct use of scientific terms and language |:|

It is also important to note that when using Al, if possible, it is best to go to the
original source of the information, assess its credibility and also reference it
correctly.

9 Datascience

Data‘science is a field that combines different areas of study to learn from data.
Ttuses tools such as statistics, scientific methods, algorithms and systems to
find patterns and insights in data. By analysing data, data scientists can discover
new information and make predictions about future trends.

Examples of data science include:

e weather prediction, where data scientists use data from satellites and weather
stations to predict the weather by analysing patterns in temperature, wind
and humidity

e movie recommendations, where streaming services use data science to
suggest movies and shows you might like. They analyse your viewing history
and compare it with other users to recommend content that matches your
interests.

9.1 The data science cycle

If the analysis of data leads to new questions or if you need more information,
you might need to go back and collect more data or look at your existing data
in a new way to keep exploring a scientific question. The steps of this cycle
(Figure 29) can be described as shown here.
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questioning

communicating collecting data

analysing data processing data

FIGURE 29 The data science cycle. Results and answers can lead to more questions.

Questioning

The journey starts with a question about something you’re curious about or a
problem you want to solve. Imagine asking, “How does the number of hours I
spend playing video games affect my sleep?”

Collecting data

For example, you might gather data by keeping a diary of your sleep patterns
for a week. To extend this, you might use bigger sets of data, like information
from a sleep study that shows how different activities affect sleep quality.

Processing data

Once you have your data, you need to organise it so that it makes sense. This
could mean putting your diary entries into a table or using a computer program
to sort the information. Organising data helps you spot patterns or trends more
easily.

Analysing data

Now it’s time to look closely at the data to find answers to your question. You
might calculate the average number of hours you sleep each night. Creating
graphs or charts can help you see what the data is telling you, making it easier
to understand.

Communicating

The last step is to share what you’ve learned. This means explaining your
discoveries and suggesting what actions to take based on the data. For instance,
if you find that playing video games late at night affects your sleep, you

might suggest playing earlier in the day. Clear communication helps others
understand and use your findings.
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FIGURE 30 Three-dimensional
model of a cell
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FIGURE 31 Weather patterns
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FIGURE 32 Computer modelling
of infection rates in a pandemic can
help scientists make predictions
and plan actions.

9.2 Data science and working scientifically

Aspects of data science aligned with working scientifically processes are:

¢ Sources of data (Toolkit Sections 4.3, 5.1 and 8.5)

¢ Scientific questions (Toolkit section 2.1)

¢ Accuracy and reliability (Toolkit sections 4.2 and 6.8)
¢ Patterns and predictions (Toolkit sections 2.3 and 6.5)

Further aspects of Data science are described below.

9.3 Scientific versus non-scientific

When scientists study natural phenomena they use a scientific approach,
which involves asking questions, making observations, forming hypotheses,
conducting experiments and analysing results to find answers. This method is
systematic and relies on evidence. In contrast, non-scientific approaches might
rely on opinions, beliefs or anecdotal evidence without systematic testing.

For example, using controlled experiments to understand why plants grow
towards light is scientific because it involves testing and evidence. On the other
hand, simply guessing that plants grow towards light because they “like” it,
without any testing, is non-scientific.

9.4 Scientific models

A scientific model is a simplified version of something in the real world, created
using data and observations. Models help us understand complex things by
breaking them down into more manageable parts.

Scientists use different types of models to study various phenomena.
Mathematical models use equations to predict things like population growth,
allowing scientists to forecast changes over time. Another example is a cell
model (Figure 30), which helps us understand the parts of a cell, such as the
nucleus, mitochondria, and cell membrane, by providing a visual representation
of something that is too small to be seen in everyday life.

Similarly, analysing a model of a solar system can help us understand the
movement of planets and predict events like eclipses.

Analysing a model involves looking at the data it presents to identify patterns,
trends and make predictions. For example, by studying a graph showing
temperature changes over time (Figure 31), we can predict future weather
patterns and understand climate change.

These are benefits of models; however, because they are simplifications, they
all have limitations in what they can represent. This does not make the model
wrong, just simpler than the phenomenon that is representing.

Computer-based models

Computer-based models allow scientists to simulate phenomena and easily
change variables to see different outcomes. This is useful for testing scenarios
that are difficult or impossible to recreate in real life. For example, using a
computer model to simulate how a disease spreads can help predict outbreaks
and plan interventions (Figure 32).
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Changing variables in a climate model can show how different factors, like
carbon emissions or deforestation, affect global warming and help develop
strategies to mitigate climate change.

Developing models

To develop a model, scientists gather data and observations from experiments,
field studies and existing research. This information helps create accurate
representations of real-world phenomena.

For instance, data collected from weather stations, such as temperature,
humidity and wind speed, is used to develop climate models that predict
weather patterns. Observations of animal behaviour, like migration patterns or
feeding habits, can help create models of ecosystems, aiding in conservation
efforts.

Theories from models

Scientists use models to develop theories, which are well-supported
explanations of how things work. By testing and refining models, they can
create theories that help us understand the world better.

For example, the theory of evolution was developed using models of how
species change over time, supported by fossil records and now, genetic data.
The theory of plate tectonics was formed by studying models of the movement
of Earth’s crust, explaining phenomena like earthquakes and volcanic activity.

Physical models can be used to work out whether structures, such as the
structures of molecules, are possible (Figure 33).

=2

9.5 Digital footprint FIGURE 33 James Watson and
Your digital footprint is the trail of data you leave behind when you use the Francis Crick used a model to help
internet, including websites you visit, social media interactions, and online ?'Sggver the structure of DNA in

purchases (Figure 34). It’s important to be aware of this footprint and engage
safely with digital systems to protect your privacy and reputation.

For example, posting photos online adds to your digital footprint, and sharing
personal information on social media can affect your privacy and security.
Being mindful of what you share, using strong passwords and understanding
privacy settings helps protect your online identity and reduces the risk of cyber
threats.

10 De pth studies FIGURE 34 Every time you use
the internet you are increasing your
A depth study is an opportunity to explore a topic in detail, allowing you to digital footprint

develop a deeper understanding of an area of science. This guide will help
you plan, research and present your study effectively. Five examples of depth
studies are provided at the end of this book.
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10.1 Choosing a topic

You may be given a choice as to the areas of a depth study that you will
undertake. If this is the case:

¢ choose a topic you are genuinely interested in. This will make the research
process enjoyable and engaging

e ensure your topic is neither too broad nor too narrow. You should be able to
explore it thoroughly within the time and resources available

¢ consider the availability of resources such as equipment and online materials.
Ensure you have access to enough information to support your study.

10.2 Planning your study

Use the following guidelines to help you plan your study.

e Clearly define what you want to achieve with your study. What questions are
you trying to answer?

¢ Create a timeline with specific milestones. Allocate time for research, writing,
and revision (Figure 35).

¢ Develop a structured outline to organise your thoughts and guide your
research. This should include sections like introduction, main body, and

FIGURE 35 You can use a range of conclusion.
tools for planning your schedule » Ensure that any risk has been assessed and minimised for any practical
activities. (Toolkit section 3.2)

10.3 Conducting research

Frame your research by following these points.

e Use avariety of sources and ensure your sources are credible and reliable
(Toolkit section 4.3).

¢ ~Analyse and evaluate the information you gather. Consider different
perspectives and question the validity of your sources (Toolkit section 6.8).

¢ 'Take detailed notes and keep track of where you found each piece of
information. This will help you when citing sources later.

10.4 Writing a study report

The following ideas will ensure that your report captures the key aspects of

your study.

¢ Start with a clear introduction that outlines your topic, objectives and the
significance of your study (Toolkit section 8.1).

¢ Present your findings in a logical order. Use headings and subheadings to
organise your content. Include evidence to support your points.

¢ Summarise your findings and reflect on what you have learned. Discuss the
implications of your study and any unanswered questions.

10.5 Presenting a study

Consider the following ideas for communicating your findings.
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e Worite clearly and concisely. Use the correct scientific terms but avoid overly
technical language and explain complex ideas in simple terms.

¢ Use charts, graphs and images to enhance your study and make it more
engaging. ("Toolkit section 8.2).

¢ You may also be asked to present your study to a class or a small group of
students (Figure 36).

¢ Include a reference list including all the sources you used. Follow the
required citation style (Toolkit section 8.5).

e
L= - o

FIGURE 36 |If presenting to fellow
students, ensure that the language
and the approach is engaging and

10.6 Hints accessible.

Finally, following are some hints to improve your overall result.

e Seek feedback from teachers or peers. Use their suggestions to improve
your study.

¢ Keep all your notes and materials organised. This will save time and
reduce stress.

e Ask questions and explore different angles of your topic. Curiosity will lead
to a more thorough and insightful study.

e Stick to your timeline and avoid last-minute rushes. Consistent work will lead
to better results.
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Glossary

accurate measured value that is close to the true
value

accuracy a measure of how close the measured
value is to the true value of the quantity that is
being measured

algorithm a process followed in calculations; used
most commonly in computer software to process
data

bibliography a list of all sources of information that
were read in the research process or referred toin a
report or presentation

cause-and-effect relationship a relationship
between two variables in which changes to one
variable is the reason behind changes to the other

continuous data numerical data that can have any
value

control an experimental trial where the
independent variable is not changed or not included

controlled variable a variable that is kept constant
throughout an experiment

correlation a relationship or connection between
two or more variables

data observations or measurements collected
during an investigation

data set a set of results from an experiment
data value an individual result from an experiment

dependent variable the variable that is being
measured in an experiment; it can vary as the
independent variable changes

discrete data datathat can only have separate or
specific values

error the difference between a measured result
and the true value

evidence data that can be used to support a
conclusion or an answer to a question

gradient the slope of a line graph

graduations markings that indicate quantities on a
scale
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increment the value of the difference between
graduations on a scale

independent variable the factor that is changed in
an investigation to find out how it affects another
factor

inference an informed guess or logical conclusion
based on previous experiences, observations and
knowledge

investigable question a question that can be
answered by conducting a science investigation

large language model a type of artificial
intelligence (Al) that can process, understand and
generating ‘human-type’ language

meniscus the curved surface of a liquid, often seen
in narrow containers

outlier a value that is much smaller or much larger
than the other values in a set of data

pattern arepeated occurrence or sequence of data

precision how well multiple measurements of the
same thing, made under similar conditions, give
similar values

qualitative data observations that are descriptive
only (no quantity or number)

quantitative data data produced by recording a
quantity or amount of something

random error error that affects measurements
in an unpredictable way; measured values can be
higher or lower than the true value

range The numerical difference between the
highest and the lowest measured value

reference list a list of all sources of information
that were used in a science inquiry, also called a
bibliography

reliability How well repeated experiments,
observations or measurements produce similar
results



repeat trials repeat of an individual test or
measurement within an experiment or investigation

replicate repeat of an entire experiment; can be
carried out by different people

research question a question that a study or
research project aims to answer

risk the possibility of something harmful occurring

scientific method the process of establishing
facts and improving understanding by carrying out
experiments

secondary data data that someone has acquired
from an experiment that they have not carried out
themselves

systematic error an error that affects
measurements in a predictable way: measured
values will always be higher, or always lower than
the true value

trend a pattern in data that changes in one
direction

Glossary .

trendline a line on a graph that shows a noticeable
pattern or direction of movement of data

valid a description of an experiment where all
controlled variables are kept the same and the
experiment can be considered a fair test

validity how well the investigation tests the
question, hypothesis or prediction that it was
designed to test

variable a factor or condition that can change
during an experiment and can influence the
experiment

volume the amount of space that a substance or
object occupies

x-axis the horizontal axis ona graph

y-axis the vertical axis on a graph
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Science is all about exploring the world around us, asking

questions and finding answers through careful observation and
experimentation. In this topic, we will dive into the fascinating world
of scientific inquiry. You will learn how to record observations and

1 analyse data from experiments, how to understand the difference

y between science and pseudoscience, and explore the various
branches of science and how they are interconnected. We will also
discuss the importance of working collaboratively in science and the
difference between scientific theories and laws.

In this topic, you will learn about the importance of reliable data,
the role of data in scientific research, and how scientists can make
predictions, such as the effects of climate change. You will also
explore different types of scientific research and how information
technology has revolutionised the way scientists work. /Additionally,
you will learn about the role of variables in scientific investigations
and how to use scientific tools to investigate changes over time.
Finally, you will learn how to tabulate and graph data to identify
trends and draw conclusions.

|
A
)

¢

To be able to record observations and analyse
data from a scientific experiment xx

To understand the difference between science
and pseudoscience xx

To understand the different branches of
science and their interconnections xx

To be able to describe and demonstrate the
advantages of working collaboratively in
science xx

To understand the difference between
scientific theories and laws xx

To be able to investigate the work of
scientists xx

To be able to measure accurately using a
variety of devices xx

[]

H B E B

To understand the importance of reliable data
in science xx

To understand the role of data in scientific
research xx

To understand how scientists predict changes
to the Earth’s climate xx

To understand different types of scientific
research xx

To understand how information technology has
changed the approach to scientific research xx

To be able to explore the role of variables in
scientific investigations xx

To be able to use scientific tools and
instruments to investigate changes over
time xx




Prior knowledge

The nature and practice of science

The key concepts that you will use in this topic:

scientific
variables investigation

scientific scientific
observation collaboration
data analysis
The nature and
practice of science

The following prior knowledge questions will help to support your learning in
the topic and can be attempted before the first lesson.

Scientific observation

1 Describe what is meant by scientific observation.

2 Describe how you would use scientific observation to study plant growth.

Scientific investigation
3 What would make an investigation scientific?

4 Give an example of a claim that is not based on science and explain why it is
not considered scientific.

Scientific collaboration

5 What is scientific collaboration and why is it important?

Variables

6 What are variables in scientific investigations?

Data analysis

7 How might you analyse data from an experiment on the effect of sunlight on
plant growth?
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Observation and analysis

Introduction Learning intention

The purpose of science is to build knowledge and understanding of the world To be able to record
through observation, experimentation and analysis. Observations come in many observations and analyse
forms. Accurate observation and careful recording of these is important so that data from a scientific

the evidence (or data) from experiments can be trusted. experiment

~ N
Succes@a

SC 1: | canrecord accurate
observations.

SC 2: | can analyse data
collected from a scientific
experiment.

SC 3: | can explain how
observations and analyses
contribute to scientific
knowledge.

FIGURE 1.1.1 Paediatrician taking temperature with a professional thermometer

In this practical investigation, you will make observations with and without KEY TERMS
measuring equipment to investigate how the correct equipment can make a

ualitative a description
difference to the quality of the data that you are recording. q P

of something that is not

measurable by a quantity or
number

BaCkgrOU nd quantitative a description

of something that can be

measured by a quantity or

number, and will include units

This experiment involves both qualitative and quantitative observations.

Aim
To compare qualitative with quantitative measurements and to consider how

scientific data contributes to science knowledge. For more information variables,
see Toolkit section x.x

Apparatus

* ice
e warm water
4 x 250 mL beakers or identical tubs

¢ thermometer or temperature sensor

TOPIC 1 THE NATURE AND PRACTICE OF SCIENCE




Observation and analysis

Assessment of risk

Ensure you are aware of the risks of this practical investigation and have
considered how safety can be improved before carrying out this activity.

» Do not use water any
hotter than 40°C

P Be careful when handling

wet glassware. MethOd

1 Copy the table from the Results section into your workbook.

2 Fill four beakers and arrange them as sho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>