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INTRODUCTION

Preface

Investigating Science in Focus has been written to meet the
requirements of the NESA NSW Syllabus for the Australian
Curriculum — Investigating Science Stage 6 Syllabus. Each
page has been carefully considered to provide students with
all of the information they need to meet the content and skill
requirements of the new syllabus including opportunities for
inquiring further.

With the introduction of the student-focused depth
studies, Investigating Science in Focus includes scaffolds
for a range of depth studies at the end of each module of
work. Additional ideas for depth studies are included in the
PowerPoint presentations found on NelsonNet.

About the authors

Silvia is a passionate science teacher with classroom and
executive experience. She is an experienced senior biology
teacher, HSC marker and GATS program coordinator.

A highly experienced classroom teacher with executive
experience, Sarah is the regional representative on the NESA
Science Inspector advisory group.

A highly motivated science teacher, Kirstin has worked with
a variety of students, ranging from the gifted and talented to
the disengaged.

An experienced author, executive and classroom teacher, Bill
has also been a school certificate marker and HSC marker.

Review team

The following people have contributed to the review of the
Investigating Science in Focus series: Lisa Dean, Katherine
Mason and Catherine Munro.

USING INVESTIGATING SCIENCE IN FOCUS

At the beginning
of the text

= Chapter 1 introduces
students to the process
of working scientifically.

= Chapter 2 guides
students through
the key stages when
preparing for and
completing a depth
study.

vi

At the beginning
of each chapter

@ MODULE 1 CAUSE AND

EFFECT - OBSERVING

= Ashort chapter summary
for Chapters 3—6 introduces
students to the key content
and skills covered

= |nquiry questions help
engage and pre-test
students before introducing
them to the content

= Key content and outcomes
are listed to contextualise
students' learning

9780170411196




In each chapter

At the end of each
chapter

9780170411196

A step-by-step approach to the content in the

m

syllabus n

Key glossary terms are highlighted in the
margin

Inquiring further provides opportunities

for students to further investigate scientific
concepts and develop scientific research skills

Measuring the pH of household substances

Investigations (practical experiments) contain
guided instructions on the materials, method
collection, analysis of results and discussion

CHAPTER REVIEW QUESTIONS

Chapter review written in
the style of Bloom'’s Revised
Taxonomy

Depth study scaffolds for
biology, chemistry, physics
and general science topics

NelsonNet ‘nelsonnet

NelsonNet is your protected portal to the premium digital
resources for Nelson textbooks, located at www.nelsonnet
.com.au. Once your registration is complete, an exciting
and stimulating digital is available for each of the chapters.
you will have access to a helpful suite of digital resources
for each chapter to further enhance and reinforce learning.
Each chapter will be supplemented with the following
digital resources.
= Worksheets to review concepts and to practise
applying understanding to new examples

= Links to websites that contain extra information. These
are hotspotted within the NelsonNetBook.

At the end of
the book

= Glossary of all of

INVESTIGATING CORAL BLEACHING ON THE
GREAT BARRIER REEF

the new terms

introduced in the text

= Answers to section

and chapter review
questions

The NelsonNet teacher website
contains:

= Teaching program, in Microsoft Word and PDF formats
= Editable PowerPoints
= Chapter pdfs of the textbook

= Search feature for all NelsonNet resources.

Please note that complimentary access to NelsonNet

and the NelsonNetBook is only available to teachers

who use the accompanying student textbook as a core
educational resource in their classroom. Contact your sales
representative for information about access codes and
conditions.

USING INVESTIGATING SCIENCE IN FOCUS  Vii



SYLLABUS REFERENCE GRID

OUTCOMES INVESTIGATING SCIENCE IN FOCUS YEAR 11
SKILLS

Objective: students develop skills in applying the processes of working scientifically
Questioning and predicting

INS11/12-1 Develops and evaluates questions and hypotheses for scientific Chapter 1, Chapter 2, Chapter 3, Chapter 4
investigation

Planning investigations

INS11/12-2 Designs and evaluates investigations in order to obtain primary Chapter 1, Chapter 2, Chapter 4, Chapter 5
and secondary data and information

Conducting investigations

INS11/12-3 Conducts investigations in order to obtain primary and secondary  Chapter 1, Chapter 2, Chapter 3, Chapter 5
data and information

Processing data and information

INS11/12-4 Selects and processes appropriate qualitative and quantitative Chapter 1, Chapter 2, Chapter 3, Chapter 4, Chapter 5
data and information using a range of appropriate media

Analysing data and information

INS11/12-5 Analyses and evaluates primary and secondary data and Chapter 1, Chapter 2, Chapter 6
information

Problem solving

INS11/12-6 Develops and evaluates questions and hypotheses for scientific Chapter 1, Chapter 2, Chapter 6
investigation

Communicating

INS11/12-7 Communicates scientific understanding using suitable language Chapter 1, Chapter 2, Chapter 6
and terminology for a specific audience or purpose

Knowledge and understanding
Objective: students develop knowledge and understanding of cause and effect

INS11-8 Identifies that the collection of primary and secondary data initiates Chapter 3
scientific investigations

INS11-9 Examines the use of inferences and generalisations in scientific Chapter 4
investigations

Objective: students develop knowledge and understanding of models, theories and laws

INS11-10 Develops, engages with, modelling as an aid in predicting and Chapter 5
simplifying scientific objects and processes

INS11-11 Describes and assesses how scientific explanations, laws and Chapter 6
theories have developed

Vil 9780170411196
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WORKING SCIENTIFICALLY

We often work scientifically in our daily life without realising that we are applying scientific skills. For
example, when we cook a new recipe we collect the ingredients and follow a method, we take care
with safety hazards and create a delicious meal. Hence, we follow the scientific method and intuitively,
we apply scientific skills. In science, we move from the intuitive aspects of our everyday life to more
structured and explicit skills, to research inquiry questions and inferences which arise to understand the
world around us.

In today’s world the practice and nature of science is more interconnected and less linear than it
has been in previous centuries. Hypotheses and methods are redefined and modified depending on
the analysis of data. Collaboration amongst scientists from across different scientific disciplines helps to
deepen knowledge about the science behind the investigation, and consolidates the understanding of
scientific concepts and processes.




@ Questioning and predicting

In science, the question is more important than the answer. The first time a phenomenon is observed in the
natural world, questions form in an attempt to develop an explanation for, and consequently understand,
what is happening. Inquiry questions in science are formulated to try to explain an idea and inferences
about an observed phenomenon. To create or formulate a scientific question or inquiry question, it is vital

inquiry question
driving force of the
research and can
be investigated
scientifically

to understand that the question should be able to be investigated scientifically following the steps in the
scientific method.
A good research inquiry question has the following characteristics:
»  should be able to be investigated by gathering data
» does not have a pre-set or determined answer

1.1.1 Questioning
»  is the driving force of the research

»  provides structure to the research.

INQUIRING
FURTHER

Imagine you are observing an eagle flying in
circles on the top of grasslands. How many
scientific questions can you formulate? Refer to the
characteristics of a good research inquiry question
above as you formulate your response.

Once the question is formulated, a hypothesis is created. A hypothesis is an
educated (informed) guess that is tested through experimentation to answer
a scientific question. In the hypothesis, the independent variable (factor that
changes) and dependent variable (factor that is measured or tested) are related
in a simple statement (Table 1.1.1).

hypothesis
educated guess
tested through

TABLE 1.1.1 From an idea to a hypothesis

experimentation to
answer the inquiry
question; states the
relationship between
the independent and
dependent variables

independent
variable

factor deliberately
changed during
an investigation to

RESEARCH IDEA RESEARCH QUESTION HYPOTHESIS

Television and consumer behaviour

How does the number of repetitive
advertisements affect consumerism
in adolescents?

Adolescents buy more products if
there are more advertisements for
those products on television.

Tyre pressure and speed in cycling

How does tyre pressure affect the
speed of a bicycle?

The speed of the bicycle will
increase when the tyre pressure
increases.

Soil acidity and plant growth

Why does the acidity of the soil
affect the number of flowers?

Soil that is more acidic will have
fewer flowers.

obtain data

dependent variable
factor measured in

the investigation (e.g
plant growth, boiling
point, speed)

Writing a hypothesis

A hypothesis is a statement or assertion. In the hypothesis statement, the dependent and independent

variablesarerelated. Asageneralrule, to write aproper hypothesis both variables must be in the hypothesis
statement. For example, writing a hypothesis that says, ‘Sunlight burns leaves’ is

To write a hypothesis statement use the a factual statement. If the same sentence is written combining the dependent

scaffold: and independent variables, it would read, “The amount of sunlight (independent

variable) will affect the process of photosynthesis (dependent variable). The
second statement shows the relationship between the two variables.
Themore specific the hypothesis, the easier it will be to design the experiment.

37Ny A3

The ... (independent variable) will affect,
increase or decrease the ... (dependent
variable).

2 CHAPTER 1 » WORKING SCIENTIFICALLY 9780170411196



WORKED EXAMPLE

1 A farmer is growing a new variety of lettuce, and has the following question:
How much fertiliser do I need to apply to get the most leaves from lettuces?

2 The farmer passed on the question to the local research centre and the following hypothesis was
created:
An increased amount of fertiliser (independent variable, what is changing) will increase the number of leaves
(dependent variable, what is being measured) in lettuces.

3 In this hypothesis, the independent variable will be the different amounts of fertiliser and the
dependent variable is the number of leaves in the lettuce.

Modification of questions and hypotheses

Sometimes, over the course of the data collection and analysis, new hypotheses and questions arise.
This is a common consequence of the nature and practice of science and it is not considered a problem.
It is common to see scientists changing their ideas and refining their hypothesis over the course of
the investigation as a result of new evidence. However, it is important to keep in mind the focus of the
investigation because time and resources may be wasted if the new hypothesis is very remote from
the original researched topic. For example, if the hypothesis is about how the quality of light affects
photosynthesis rate and over the course of the experiments the evidence shows that light quality is
not showing any difference in photosynthesis rates, a new hypothesis might arise to test the position
of the plants towards the light. This revised hypothesis is a good one as it takes into account the
observations while also keeping in mind the original focus (in this case, photosynthesis rates).

Data collection

Now that the hypothesis is clear, the next step will be to think about the type of data that needs to be data
collected to test that hypothesis. There are two main types of data: primary and secondary data. Primary numerical of

observational facts

datarefers to the empirical data collected from experiments, and tests done in the laboratory and on field collected together as
. . . . . . evidence for analysis
trips. The data could be as simple as a list of observations or as complex as numerical measuring data.

The numerical data is organised in tables or graphs for further analysis or for application in mathematical ieald
equations. When the collection of data is coming from experiments that the scientists themselves have ﬁ?;%;'gfm Coﬂeited
collected, the investigation is called a primary investigation. by observations or

measurements during
an investigation

iStock.com/IPGGutenbergUKLtd
Imagefolk/Photofusion/UIG

FIGURE 1.1.1 Primary data is collected from primary investigations; for example, from experimental methods or field
trips. Samples collected in the field are then processed in the laboratory for further analysis.

9780170411196 CHAPTER 1 » WORKING SCIENTIFICALLY 3



valid

extent to which a
report or investigation
contains accurate
data, inferences and
canclusions

log book

journal taken during
the investigation where
all data, observations,
results, inquiries

and conclusions are
registered

error

measure of the
estimated difference
between the observed
or calculated value of
3 quantity and its true
value

aim
purpose of the
investigation

accuracy

level to which a
measurement,
calculation, or
specification conforms
to the correct value or a
standard

true value
measurement with no
errors

4 CHAPTER 1 » WORKING SCIENTIFICALLY 9780170411196

Secondary data refers to previous data published in scientific literature related to the topic that the
investigation is based on. It is data that other scientists have already collected to test a similar hypothesis.
Secondary sources include web pages, books and articles published in journals. The most important
thing when using secondary sources for data collection is that they are valid. The validity of secondary
data relies on the sources coming from educational, government or scientific institutions where the data
is evaluated by a board of scientists before it is published. This ensures that the data and information is
accurate and reliable. When the data collected comes from secondary sources, the investigation is called
a secondary investigation.

Planning investigations

Once the research inquiry question and the hypothesis have been established, the next step is to create
a design or plan for the investigation and the collection of data. Starting an investigation without a
plan will not only waste time and effort but is also unlikely to deliver valid results. Before beginning an
investigation, you should consider the following questions.

»  What kind of data do you need to collect?

»  What equipment or materials do you need?

» How many variations of the independent variable will you test?
»  What are the safety issues that you should consider?

»  How are the results going to be recorded and analysed?

»  What steps are you going to follow to test the hypothesis?

To answer those questions, you need a plan and a log book to keep track of the progress of your
research. A log book is an important tool in research because it allows you to keep records, identify
errors and change or improve methods if needed. It is the journal of your research. Every scientist around
the world has a research log book. Log books are very valuable because if a scientist wants to repeat
experiments or come back to the ‘raw data’ collected, all the information is recorded and readily available.

Writing an aim for the investigation is important. This statement, together with the hypothesis and the
inquiry question, helps to keep the investigation focused.

To write the statement for an aim, start with a verb; for example, “To investigate; To measure; To
collect’, then add the relationship between the variables from your hypothesis; for example, ‘To investigate
the effect of high levels of CO, (independent variable, different levels of CO,) on the length of the leaves
(dependent variable, plant growth) of grasses’.

So far the question, the hypothesis and the aim should all show the relationship between what is going to
be investigated and how. When these statements have been clearly written, the selection of equipment
or materials to perform a primary investigation (experiments) or review secondary sources (theoretical
research) can take place.

The equipment selected to be used in the experiment should accurately measure and collect data.
Because accuracyis defined ashow close aresultis to the true value, an accurate data set will have minimal
errors. Therefore, the measurements should be taken with equipment that is made and calibrated for its
purpose. For example, measuring the length of a plant with a ribbon is less accurate than measuring with



aruler, and testing the pH (acidity) of a substance with litmus paper is less accurate than measuring with
a data logger.

The safety hazards associated with an investigation must be identified before any experimentation
takes place and statements explaining how to avoid those hazards are explicitly written. For example,
a few safety hazards to keep in mind when designing experiments include: chemical spillages, electric
shocks, chemical fumes, broken glassware, allergic reactions, and eye and skin contact with chemicals.
Once those hazards are identified, a risk assessment takes place to avoid or deal with them. For instance,
taking the example of broken glassware, the risk assessment statement should say, ‘Handle glassware
with care, in case of broken glassware notify the teacher’. The risks in science are correlated by their
likelihood and severity of consequences, as shown in Table 1.2.1. For example, a strong acid spillage may
be considered to have a possible likelihood of occurring with either moderate or major consequences.

data logger
electronic or digital
device that records
data either with a
sensor or digital aid

safety hazard
expected risk during an
investigation

risk assessment
evaluation of the risks
of an investigation

TABLE 1.2.1 Risk assessment matrix.

Likelihood

MEDIUM

MEDIUM MEDIUM

MEDIUM

Risk matrix

Rare Unlikely

Severe: For example, potentially fatal or

causing an injury or illness with permanent disability MEDIUM

MEDIUM

Major: For example, causing a ‘potential time lost’

injury, but non-permanent disability MEDIUM

Moderate: For example, an injury or illness requiring
moderate medical treatment but no lost time

[
v
=
[
=]
o
[
©v
=
o
()

Minor: For example, an injury potentially requiring
application of first aid

Minimal: For example, a hazard or near-miss that
requires reporting and follow-up action

Almost
certain

MEDIUM

Ethical issues should also be considered during the planning of the investigation.
For example, if the experiment involves animals, their welfare should be kept in
mind and methods to follow should be discussed with the teacher and school
authorities.

Ifthe collection of data will involve interviewing people or they have to answer surveys, the questions
should avoid bias or inappropriate comments. A valid questionnaire for interviews or surveys must be
objective and with the hypothesis to test in mind.

Method and variables

Method

A method is written in numbered, chronological steps. Each step starts with a verb followed by
clear, simple instructions that indicate how to perform the experiment. The more meticulous the
instructions in each step are, the easier and more repeatable the investigation is. The validity of the
method relies on the clarity of the steps and ensures that the hypothesis is tested fairly. A valid method
can also ensure the experiment is reliable because other scientists are able to repeat it, and obtain
similar and comparable results.

If the data collected is for a primary or secondary investigation, the steps in the method are slightly
different. In a primary investigation, the steps should specify variables but in a secondary investigation
the steps are related to how the secondary resources are going to be managed.

9780170411196

INQUIRING
FURTHER

More information and research about ethical issues
in science can be investigated from the J. Reilly
Center, University of Notre Dame, Indiana, USA.

ethical
relating to moral
principles and values

method

experimental steps to
follow to collect data
and test the hypothesis
of an investigation

reliability

extent to which an
observation and/or
measurement can be
repeated under the
same circumstances
and produce similar
results

CHAPTER 1 » WORKING SCIENTIFICALLY §



variable
measurable factor
that can be changed
or maintained in an
experiment

treatment
variation of the
independent variable

control

experimental set-up
where the independent
variable is not applied

voltage
force pushing electrons
around the circuit

controlled variable
factor that is kept
constant during the
experiment

1.2.1 Virtual

lab - dependent
and independent
variables

1.2.1 Designing
investigations

Variables, control and treatments

As part of the method, the variables should be clearly identified to ensure the validity and reliability of
the experiment. There are three types of variables: the dependent, independent and controlled variables.
The identification of those variables and how they are going to be managed during the collection of data
are the key to a successful experiment.

The independent variables are those factors that you change in the experiment. In the independent
variable, the variations are called treatments. There is one treatment that does not have the independent
variable which is called the control. The control treatment is the one that takes out the effect of the
independent variable on the measurements, it is the one used to compare with the other treatments to
see if the effects of the independent variable are valid. The different amounts of fertiliser, the different
concentrations of chemicals reacting and the different heights that a ball is dropped are all examples
of independent variables.

The dependent variables are the features or factors that are measured or tested in the experiment.
For example, plant growth, density of a material and voltage in a conductor. The changes in the
dependent variable are influenced by the different treatments (variations) of the independent
variable.

The controlled variables are all the factors that are kept the same to reduce error in the experiment.
For example, the same equipment is used to measure across all the treatments, the amount of heat,
the amount of light, the temperature of the room, the amount of water, the timing of the experiment.
Keeping other variables constant ensures that the changes in the dependent variable are only
influenced by one independent variable. If the results of the experiment do not look as expected
usually it is because there were some controlled variables that were not kept the same for the entire
experimental time.

It is very important to be clear about the differences in terminology. Controlled variables are
variables kept constant during the experiment and a control is a treatment without the independent
variable.

WORKED EXAMPLE

QUESTION
Observe the images of an experiment and identify the dependent, independent and controlled variables,
as well as the control and treatment.

ANSWER
The experimental design can be deconstructed as follows:

= independent variable: amount of water (0, 20 and
40mL)

No water

Watered

Watered
= dependent variable: plant growth

= controlled variables: type of plant, room temperature,
amount of sunlight, soil type, pot size, watering time

= control: Plant 1 (no water)

X | ~E
- ~ -~ = treatments: Plant 2 (20 mL of water) and Plant 3
! (40 mL of water).

v vy L3

lant 1 Plant 2

FIGURE 1.2.1 Investigating the effect of the
amount of water on plant growth.

6 CHAPTER 1 » WORKING SCIENTIFICALLY

9780170411196




Sample size and replications
The reliability of the design, and consequently the results, depends on the amount of data collected and

the number of replications of both the individual treatments and of the entire experiment. A large sample sample size

size is also important to reduce the impact of unusual results and allows for averages. For example, if ggg?vearbogﬂs o

testing the effect of the amount of water on plant growth, it is best to test it on many plants so that if one FGD“C_BUOHi inan
experimen

plant dies there are others that can be used to keep the measurements going,

The number of samples in an experiment is determined by the nature of the experiment, in some
cases five samples is enough but in others more than a hundred are needed. As arule of thumb, the bigger
the sample size the better.

Replications are done in two ways: replicating each treatment and replicating the entire
experiment. For example, to test the hypothesis, ‘Increasing the amount of water will increase the
height of plants’ you will need five plants per treatment and a control. You also need to repeat the
experiment three times to increase the reliability. Averages are calculated from all the data collected
ensuring statistical validity.

An investigation is not a linear process. During the course of the collection of data, new evidence may
emerge that does or does not support the hypothesis. Another issue is that the variables chosen may be
difficult to measure with the technology available. Consequently, the original investigation plan is re-
evaluated and a new plan is constructed.

Critical thinking is crucial to evaluate the investigation, and consultation with other researchers is
important because an open collaboration helps accelerate the evaluation process and the resulting plan
is more refined.

@ Conducting investigations

Conducting an investigation refers to the testing of your hypothesis statement by collecting data. The
nature of the investigation may be primary (collecting empirical data from experiments) or secondary
(collecting theoretical data from bibliographic references and previous work conducted on the
researched topic by other scientists). In primary investigations, secondary sources are referenced as a
way to compare the empirical results with previous findings by other researchers.

The data and results must be methodically recorded in the log book for later analysis. Safety
procedures and risk assessments are followed to ensure a safe work practice. It is important to keep the
inquiry question and hypothesis in mind so that no unnecessary data is collected and no time is wasted.
Accuracy and reliability of the conducted investigation are ensured by using appropriate technologies
and replications.

The work in the investigation may be done individually or in teams. This will depend on the nature
of the work. However, it is very important to work collaboratively and share the information gathered
from the investigation. This allows for a better review of the methods, and analysis of data and evidence

. 1.3.1 Conducting
that support the hypothesis. investigations

Safetyis the first and most important consideration in conducting any investigation. The management of
chemicals, equipment and practices done in the laboratory or in the field must follow safety procedures
and risk assessments to ensure a safe environment for everyone.
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Personal protective equipment

Personal protective equipment (PPE) must be used at all times when dealing with experimental practices.
Some examples of PPE include: safety glasses or goggles, enclosed-toe safety shoes, disposable gloves,
disposable apron or lab coat, hard gloves, long pants and a mask.

Assessing risks

Risk assessments are used to identify, assess, reduce and control safety hazards when conducting
investigations. Risk assessments are completed for every investigation. To start writing a risk assessment,
the following questions are answered:
»  What are the hazards in this experiment that can cause injury?

For example, chemicals, heat, broken glass, poison, animals in the field and tripping over things.

»  What are the risks to consider for the environment, people or animals involved in the investigation?

»  How serious are the risks and how likely are those risks?

A risk assessment matrix should be created in the log book for further reference (see Figure 1.2.1
on page 5).

Chemical safety

Chemicals used in investigations can be harmful, corrosive, irritant, poisonous or flammable. Those
hazards are identified on the bottle of the chemical with a diamond symbol. Some common chemical
hazard symbols are shown in Figure 1.3.1.

&
@}
i
o

e Explosives * Oxidisers * Gases under pressure * Acute toxicity
o Self-reactives (fatal or toxic)
*Organic peroxides

D
@]
2l
@l

« Skin corrosion or burns e Carcinogenic elrritant (skin and eyes) eFlammables
*Eye damage * Mutagenicity «Skin sensitiser *Pyrophorics
*Corrosive to metals * Reproductive toxicity « Acute toxicity o Self-heating
* Respiratory sensitiser *Narcotic effects eEmits flammable gas
* Target organ toxicity *Respiratory tract irritant «Self-reactives
¢ Aspiration toxicity *Organic peroxides

FIGURE 1.3.1 Pictograms from the Global Harmonised System used to label chemicals at school.
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Each chemical has a material safety data sheet in which important information about the chemical
is described; for example:

»  chemical and generic name of all the ingredients in the substance
»  chemical and/or physical properties of the substance
»  health hazard information

» safe handling of the substance 1.3.1 Model

s . code of practice:
» manufacturer's name and contact details prepafation of
safet]y data sheets
or hazardous
chemicals

» first aid information

»  storage conditions.

Always consult with the teacher and/or laboratory assistant before using the chemicals in your
investigation and always read the labels.

Safe use and disposal of living samples

Hazards and risks when dealing with living
samples are avoided by using protective
gloves and masks. For example, wear gloves
and a mask when handling pollen to reduce
the risk of an allergic reaction. Dissections
should be conducted with care. Scalpels and
glass slides to observe tissue samples under |
the microscopes must be handled with care.
Cultures in agar plates should never be open
when bacteria or contaminated samples

Shutterstock.com/Billion Photos

are used in the investigation as the bacterial
cultures may be pathogenic.
To avoid contamination of a cell culture, a FIGURE 1.3.2 Observe that the researcher is wearing gloves
laminar flow cabinet can be used and all the R o e
surfaces must be cleaned with ethanol 80%.
Flaming the inoculation loops on the Bunsen burner kills all the bacteria, while the hot flame creates
an updraft and also kills the surrounding airborne contaminants.
After the work with living samples is finished, they should be autoclaved and then disposed. This
reduces the risk of environmental contamination. All equipment used in dissections of animal and plant
tissues must be cleaned thoroughly before storage.
If the investigation involves the handling of animals, the welfare of vertebrates and invertebrates is
protected by state and federal laws, and they must be treated respectfully. Collection of live specimens
from the field needs to follow the specific regulations for that area to protect native species. Be aware of species
the laws in the local area and consider if an alternative type of investigation can be conducted instead of g[ggglsrgwfh similar

using living samples. characteristics that can
interbreed

Different technologies and equipment are used to collect data when conducting an investigation.
The type of equipment and the technologies to measure and collect data depends on the nature of
the investigation. The aim in selecting and choosing different equipment is focused on how well that
equipment or technology will ensure accuracy in the investigation.

The selection of an appropriate technology to measure or carry out the experiment accurately, and
therefore collect valid data to test the hypothesis, is very important. For example, if the experiment
requires a measurement of pH, it is better to use a pH data logger probe connected to a computer
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than litmus paper. This is because the data logger collects specific numerical data of pH, whereas the
litmus paper changes colour to give an estimation of pH. However, if a data logger is not available, the
measurements can be done with a universal indicator and comments can be made in the discussion of
the investigation about how to improve the measurements using more accurate technologies.

1

Duringthe design, carrying out and analysis of the investigation, secondary sources are consulted to gather

theoretical data and information about the researched topic. The selected and extracted information is
reliable when the secondary sources are published by scientific, government and education institutions
where the information has been assessed and evaluated by scientists and experts before being made
available to the public. Table 1.3.1 compares some of the different types of secondary sources.

TABLE 1.3.1 Comparison of secondary sources

VALID AND RELIABLE SECONDARY SOURCES

ARE v ARE NQT %
Educational textbooks General fiction books
Education and government institution web pages Non-educational web pages
Scientific journals and articles Articles in popular magazines
Encyclopedias Discussion blogs in social media

Once the secondary sources are selected and information is extracted, they have to be cited correctly
in alphabetical order in a reference list or bibliography. It is good practice to cite them as soon as they are
used to avoid misplacing information and data. Creating a reference section in the log book is a handy
idea.

There are different formats to cite secondary sources. Each educational institution follows specific
formats which depend on the type of secondary source used: such as web pages, books, articles or
journals. But as a general example, a good secondary citation follows the following format:

Author/s surname, Initial of first name. (published year). Title of the book section
or web page section. Name of the book, scientific journal or web page.

City: Publisher name (for a book)/ page numbers

(for ajournal) / URL (for a web page).

KEY FORMULA

For example:
» Book

Diamond, J. (2000). Guns, Germs and Steel: A Short History of Everybody for the Last 13 000 Years.
1.3.2 Microsoft London: Vintage Publishing.
Word referencing »  Article from a scientific journal

Brack, A., & Eliazer, S. (2016). Stem cells: Cause and consequence in aged-muscle decline. Nature,
349-350.
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»  Web page
Howard, J. (2016). Seven Ways Astronauts Improve Sleep May Help You Snooze Better on Earth. Retrieved

from International Space Station NASA: https://www.nasa.gov/mission_pages/station/research/
astronauts_improve_sleep

Processing data and information

There are two types of data that can be collected in an investigation: qualitative and quantitative data.
Qualitative data refers to non-numerical data and quantitative data are data that can be quantified or
numerically collected and recorded (Figure 1.4.1).

The way that data are organised, displayed and represented helps in the interpretation and analysis
of the results. Organising data aids scientists to observe trends and patterns, and to reach conclusions
about the hypothesis being investigated.

Nominal
(e.g. gender, race)

Qualitative Ordinal
(non-numerical) (e.g. blood groups)
Data Binary

(yes/no or true/false)

Quantitative Discrete
(numerical) (e.g. counting)
Continuous
(e.g. temperature
over time)

FIGURE 1.4.1 Classification of the types of data that can be collected during an investigation.

To represent and organise the data different types of tools can be used: tables, graphs, infographics,
diagrams, flow charts or digital media. The type of tool used depends on whether the type of data
collected is qualitative or quantitative. The selection of how data will be represented is essential because
from that representation inferences can be made and errors can be identified.

qualitative data
descriptive data
collected as

evidence during an
investigation (e.g.
images, observational
sentences)

quantitative data
numerical values
collected as evidence
during an investigation
(e.g. calculations,
measurements)
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line of best fit
trendline that best fits
the plotted dats, it
goes through the centre
of the plotted data
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Tables are the best representation for numerical data. All the information collected in the experiment
can be organised in tables where the relationship between the independent and dependent variable
can be observed clearly. In tables, any unusual results can be identified, and inferences about the
method used to collect that data or how other variables were not controlled properly can be made.
A table consists of rows and columns, with appropriate headings and units of measurement in each
heading (Figure 1.4.2)

Table 1. Title of table

Headings with units ———— TIME (MIN) TEMPERATURE (°C)
0 25
Datg ————»
1 38
Independent variable Dependent variable

FIGURE 1.4.2 Example of how to construct a table.

Graphs are visual representations of data and show the relationship between the independent and
dependent variables. Graphs help to identify patterns and trends that may not be noticeable from a
table. It is a common rule to represent the average of the results in a graph and always calculate an
equation of the line of best fit to see what plotted data is ‘out’ from the common pattern or trend. Data
outside the line of best fit helps to identify mistakes in measurements or equipment for that particular
investigation.

The rules to follow in order to construct a graph can be remembered by using the acronym TALS
(Figure 1.4.3).

A L
Title Axis Labels Scales
Choose a On the yaxis Label each The scales
relevant (vertical), axis with the refer to the
title for plot the name of each consecutive
your dependent variable and numbers
graph. variable. write the written in
On the x axis units of each axis
(horizontal), measurement from 0 to the
plot the for each highest
independent variable. number in
variable. your

FIGURE 1.4.3 TALS, an acronym to remember how to draw a graph.

recorded data.
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Types of graphs for quantitative data

Quantitative data can be separated into two categories: discrete and continuous. The type of graph used to
represent these categories is different (Figure 1.4.4). Line graphs are better suited to represent continuous
quantitative data such as temperature over time, speed over time or reaction rate over temperature.
However, for discrete quantitative data, pie charts and column graphs represent the measured points

better.
A
10 4
;
o 8
& & M Men ™ Women
g 40 —
5 6
® Q@
P Q
g S 30-
4 4
— G .
2 2 B Aged <20 years
S 1 20-29
2 10 g 1 20-29 years
T T T T —P 5=, M 30-39 years
2 4 6 8 10 o [ | W 40-49 years

Time (seconds) Drama  Painting Sculpture Language B 50+ years

FIGURE 1.4.4 Different types of graphs to represent continuous (line graph) or discrete (pie and column graphs) quantitative data.

Representing qualitative data

Qualitative data is represented in different formats from quantitative data because the data collected is
not numerical. The most suitable formats are lists, tables, flow charts and diagrams. Digital technologies,
such as video clips, animations and PowerPoints, can also be useful methods to present the data collected.

In qualitative data, the non-numerical data may be represented as numerical data. This is done by
assigning a numerical representation to each observed response in the investigation. For example, if the

1.4.1 Graphin
pskill('s;;

data collected is coming from a survey, each response can have a numerical value and in this way the
analysis of the responses becomes easier from a statistical point of view. Representing qualitative data as
numerical data also makes it easier to represent data in a graph to observe patterns and trends.

Evaluate and improve the quality of data

Data collected during an investigation is evaluated for its quality. This uncovers data defects such as errors
related to the technology used, sampling techniques or sample size. To improve the quality of data, the sample
size should be big enough so that there is sufficient statistical data to manipulate and reduce the error.

The identification of unusual data (i.e. data that is very different from the average calculated value)
is important to reduce the statistical error and improve the consistency of the results. Taking out the
unusual data from the data pool allows a much better picture of patterns and trends in the data analysis.

Sometimes, measurements will need to be taken again to improve the quality of the data because a
new technology has been improved or the technology used was not calibrated properly for the particular
data collected.
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@ Analysing data and information

A more thorough analysis of the data collected in an investigation is needed to ensure that the hypothesis
was tested fairly and is supported by the results of the research. The examination of patterns, trends
and relationships from the information gathered during the investigation, the identification of error,
uncertainty uncertainty and limitations in data, and the evaluation of relevance, accuracy, validity and reliability of

‘tﬂf %Z;(Siu)rs[!ovuamﬁ . the primary and secondary data collected is crucial for the analysis of the investigation.

compared to the true
value

The best way to interpret data is to plot it. The visual representation of the line in the graph will
indicate the patterns and trends between the dependent and the independent variable and therefore
their relationship.

Patterns

A pattern from a graph is represented by the ‘shape of the curve or the distribution of the data. For
example, the distribution can be bell-shaped, symmetric, spread, centred or repetitive (with ‘up and
down’ points). The pattern can be uniform if all the dots are spread evenly across the graph or skewed
if the dots have an uneven distribution across the graph (more dots to one side or peaks at different
levels). Figure 1.5.1 shows the different possible patterns observed from graphs.

FIGURE 1.5.1
Patterns in graphs

»
1 1 1. 111 Tr»

0123456789 0123456789 6123456789
Symmetric, unimodal, Skewed right Non-symmetric, bimodal
bell-shaped

0123456789 0123456789 0123456789
Uniform Skewed left Symmetric, bimodal

Sometimes, there are plotted data points that are out of the pattern. These data points might be
related to a mistake in the collection of data, or due to an unseen or uncontrolled variable.

Trends

A trend in a graph is the direction or the tendency of the line created by the plotted dots. Once

interpolation the data is plotted, the line of best fit is traced over the dots to see the trend in the data. The trend
estimating new data

points within the range
of data points measured points that fit between the minimum and the maximum values plotted can be interpolated.

can be ascending (increasing), descending (decreasing), stable or variable (Figure 1.5.2). All of the
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. FIGURE 1.5.2 Trends
Stable Ascending in data. The orange

A A 5 lines are the lines

of best fit for each
) plotted data set.
The lines of best fit
Q {‘/(\,\ M j)/(‘/

represent ascending,

descending, variable
and stable data
trends.

Descending Variable

N VAN

v
v

v
v

For example, if your data measurements are 25, 38 and 45g, the numbers between those measured
numbers can be identified using the graph. The line of best fit can be extended beyond the measured

points in the graph; this is called extrapolation. However, inter- and extrapolations should be used extrapolation

cautiously because you cannot be certain that the experimental system behaves in the same way at E?f\g?tgg ggg oo

that point as for the other measured points. new values from the
known ones

Relationships between variables

The relationship between the dependent and the independent variable is represented by the patterns
and trends. The relationship can be:

»  positive — for every increasing value of the independent variable, the dependent variable increases.
For example, the higher the amount of fertiliser the higher the plant growth is.

» negative - for every increasing value of the independent variable, the dependent variable decreases.
For example, as the environmental temperature increases the number of hot chocolates sold
decreases.

» no relationship - the values of the independent and dependent variable are scattered across the
graph showing no pattern or trend. For example, the amount of time listening to music does not
affect the science test marks.

Error

Identifying errors, uncertainty and limitations in the experimental data collected aids in ensuring the
validity of the results. There are two types of error in experiments: systematic and random. A systematic
error is a mistake when taking the measurements and usually relates to the technology or equipment not
being calibrated properly for the purpose of the measurement, or that the equipment is not suitable for
those measurements. Systematic errors are difficult to identify because the data seems to have a pattern
and trend but usually the hypothesis is not supported by those results. A random error is easy to identify
because it is an unpredictable fluctuation in the measurements due to malfunction of the equipment at
the moment the data was collected for that point. Repetitions of the measurements will show if the error
is systematic or random.
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Another type of error is related to the acceptance of the hypothesis being investigated. Those errors
are called type I and type Il errors. A type I error refers to the rejection of a hypothesis when the hypothesis
is true (e.g. telling a woman that she is not pregnant when in reality she is pregnant). A type Il error refers
to the acceptance of a hypothesis when the actual hypothesis is wrong (e.g. telling a man that he is
pregnant). Table 1.5.1 compares the differences between these two types of errors.

TABLE 1.5.1 Difference between type | and type Il errors.

TRUE FALSE
TRUE Acceptance of a true Type Il error (B)

hypothesis Acceptance of a hypothesis
Results or findings that is false (false negative)
from the research FALSE Type | error (a) Rejecting a wrong

Reject a hypothesis that is true hypothesis
(false positive)
Uncertainty

No physical or chemical quantity can be measured with perfect certainty so there is always some
uncertainty in the measurement. The uncertainty is the best estimate of how far an experimental quantity
o might be from the ‘true value'. For example, a measurement of 7.05¢ + 0.02g means that the experimenter
1.5.1 Statistics . . . X
in science is confident that the actual value for the quantity being measured lies between 7.03 and 7.07 g,
Uncertainty is reduced when the entire experiment is repeated following a valid method and using
suitable equipment. The more repetitions of the entire experiment, the less the uncertainty in the results.
At this point, it is important to distinguish between standard deviation and standard error. Standard
deviation is how ‘spread” a measurement is from the average of measurements. A standard error is
how ‘spread’ the average of the repetitions of the entire experiment is; therefore, the standard error is a
statistical measurement of uncertainty.

Limitations in data

Measurement = best estimate & uncertainty E o )

S Data collected can have limitations due to the nature of the experiment,
where % equipment used or unforeseen variables when the experiment has taken place.
Measurement refers to the type of data 'é In primary investigations, the limitations in data are usually related to the type
collected (eg height, distance) > of equipment used or the environmental conditions where the experiments
Best estimate refers to the numerical have taken place. For example, the equipment can take measurements to a
measurement taken certain value and some data cannot be collected below or above that value, or
+ uncertainty is the distance around the if the experiment is carried out in the field the weather conditions cannot be
estimated value predicted or controlled.

In secondary investigations the limitations are related to the type of tool used to collect data; for
example, a survey, focus groups, interviews or secondary sources of information. In this case, there is not
much control over the responses from individuals and there can be bias.
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In primary or secondary sourced data, the relevance, accuracy, validity and reliability are important
aspects to consider ensuring that the data can support the hypothesis being tested. Table 1.5.2 shows the

differences between those parameters. 1.51 Analysing

TABLE 1.5.2 Evaluation of primary and secondary data in terms of relevance, accuracy, validity and reliability.

PARAMETERS EVALUATED PRIMARY DATA SECONDARY DATA

Data shows a close relationship with

Relevance: data shows how close it is to Data tested the hypothesis to be L -
. . . the topic investigated and tested the
the tested hypothesis investigated .
hypothesis
Accuracy: data is close to the ‘true value’ of . Data from different secondary sources
Data shows little error . U ;
the measurements shows little variation in information
A . . . Methods and equipment used did not Data comes from valid sources (educational,
Validity: data is collected using a valid L PSRN
: . limit the data collected and tested the government and scientific institutions
method and suitable equipment . o
hypothesis publications)
Reliability: data collected is similar for Small variation of information across

Data shows little uncertainty

each repeated measure secondary sources used in the investigation

Problem solving

Scientific research can be very challenging because unexpected problems may arise at any time.
Problems in conducting investigations can be related to the equipment, technologies, environmental
hazards or variables that cannot be controlled or managed. To solve these problems different strategies
can be applied, such as to create a model, apply a mathematical calculation, re-create the experiment,
change equipment or improve the method. Identifying the cause-and-effect relationship in the problem
can also help to contextualise the problem and therefore allow a solution to be found (Figure 1.6.1).
Critical thinking and creativity are additional important processes when trying to understand a problem,
and in designing the steps to overcome the issue and solve it.

Sometimes reaching a solution from a scientific problem is difficult. In this case, predictions are
made using explanations based on scientific theories and principles that support the evidence for the

investigation.
. ) Choose a
Identify and Brainstorm X
) solution based Implement
define the solutions on scientific T New results
problem (critical thinking) o
principles

FIGURE 1.6.1 Steps in problem solving. The first step is to identify and define clearly the problem. This is followed by critical
thinking to brainstorm solutions which are chosen based on scientific principles . When the solution is implemented, new
results are achieved.
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model

two- or three-
dimensional
representation or

description of a process,

system or idea

1.6.1 Solving
problems

Models can be used to simplify and solve complicated scientific problems such as molecular structures,
complex biochemical processes or large scale phenomena. A model can be a mathematical equation,
a two- or three-dimensional representation or come in a digital computerised form. Models have
limitations because sometimes they are too simple and detailed information is not represented, but they
are a good strategy to make predictions and analyse solutions in a simple way.

Critical thinkingis often used to solve problems and reach conclusions about the world around us. Critical
thinking is not the simple, straightforward idea that comes to mind when someone tries to understand
and solve a problem. Critical thinking refers to the more complex process of reasoning to merge ideas
and concepts from different disciplines to form a comprehensive solution to the problem encountered.
A good critical thinker solves the problem using systematic collection of information rather than using
intuition. Consequently, solving problems arising in scientific investigation requires critical thinking to
select the best change in the investigation and reach the most effective outcome.

FIGURE 1.6.2
Characteristics of a
critical thinker that
allows problem

solving using a Links ideas
holistic approach of
ideas.

Reflects on

) |dentifies errors
solutions

~ =

Critical
thinker

/7 N\

Systematically
approaches

Q Communicating

A scientific investigation is completed when it is published and other scientists are learning from it. A

Reasons

written report is usually the most common form of communication but is not the only one. Table 1.7.1
shows the components of a scientific report and how to write them. It is important that concepts are
expressed succinctly and that the report follows a flow of ideas from the inquiry question to the final
conclusion, making it is easy to read and understand.
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TABLE 1.7.1 Definition and features of research report sections. The features of each section are not limited to those listed here; more or
less information can be added in each section depending of the nature of the research.

REPORT SECTION DEFINITION FEATURES

Abstract

A summary of the entire
investigation.

Includes the inquiry question and hypothesis, brief description of the
method, results and conclusion.

Introduction

Background information that
was used to research the inquiry
question.

Description of what and why the research was taken.

Includes explanation of scientific theories and principles used in the
research to answer the inquiry question.

Summary of similar investigations supporting the research.

Detailed procedures followed in

The method followed is written in chronological, numbered steps starting
with a verb.
Statements are as clear as possible so other scientists can understand and

L the investigation. repeat the experiments.
= Diagrams and mathematical calculations are included.
= Variables and treatments are specified.
. . .
Results Findings of the investigation. . Results are represented in tables, graphs and diagrams.

Observations are written as lists or descriptions.

Analysis and

Analysis of data and arguments

Explanation of the meaning of the results and data collected, related to
the hypothesis and inquiry questions.
Relate to secondary sources which support the research.

discussion that support the hypothesis. = Difficulties encountered during the investigations and improvements are
discussed.
= Future research inquiry questions are suggested.
Conclusion Summary of results and = Brief summary of the meaning of the results and aim.
judgement about the hypothesis. = State if the results support the hypothesis and/or inquiry question.
Recognition to the people who = Thanking all the people who contributed to the research, from the
Acknowledgements collagorated in the?esegrch equipment suppliers to the people who shared their ideas and personal
’ support.
Secondary sources used in = Alphabetical list of all the secondary sources consulted for the research.
References the reseal}{:h = |nclude references from the introduction and discussion.
’ = References are cited following a particular reference format or style.
= Additional information about raw data.
Appendix Supplementary section to = Calculations or list of mathematical formulae.
PP the written research. = Extra diagrams or photographs of the experimental site.
| |

Any relevant information that can help the reader to understand the research.

Other ways of communicating the findings from an investigation can be in the form of a poster
or presentation at a conference, or an article published in a scientific journal or website. These ways of
communication often limit the amount of the research that can be presented about the topic. However, in
today’s society scientists choose to present their investigations in different formats to reach the majority of

peer review
process in which
experts review and
critique the work and
research of others in

the same field
audiences and promote their passion for science.
Whatever method is used to communicate research it is important to keep in mind the type of audience
who is going to read it so that the work is understood, and it can be critiqued fairly and constructively for
future improvements. 1.71 The
importance
of science

communication

One reason for communicating the findings of an investigation is the feedback received by other
researchers. Peer review helps to improve the current investigation, to further pursue new areas to
investigate and for self-evaluation.

The feedback can be done verbally or in a written form, with the objective being to evaluate the
argument discussed in the conclusion of the investigation. Feedback should be constructed using
evidence-based statements.
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Devising and conducting investigations

Before you conduct an investigation you need to carefully plan what you are going to do. You must ensure
that your investigation will be a fair and valid test. That is, one that tests your hypothesis and can easily
be reproduced.

For an investigation to be reliable you must have repeated your investigation a number of times, and
received consistent results. This doesn't mean you get the same result every time, but rather, that your
results do not vary by a significant degree.

If the results do vary by a great degree, then there may be parts of your investigation that are flawed.
You may need to go back and think of ways of improving your investigation. For example, an investigation
to test the claims of stain removers would only be valid if it tested how much of the stain was removed
compared to other products tested under the same test conditions.

A fair test should only test one variable, which is the only factor that is deliberately changed in your
investigation. Thisis called the independentvariable, and in the example given previously, the independent
variable is the different types of stain remover.

You should also endeavour to measure one variable: the dependent variable. In the previous example
of the stain remover, the dependent variable is the amount of stain that is removed. While some
investigations might measure more than one variable, most of the
time it is just one variable being tested.

All other aspects of the investigation should remain constant, & -
such as the size and type of the original stain, the size and type of i W —o

the material, the length of time the stain remover is left on the
stain and the length of the wash cycle. These constants are the
controlled variables, and they are the parts of an investigation that
must be kept the same for each of the independent variables and
during any replications of the investigation. For example, if testing
the effect that the different stain removers might have on the stain,
the stain remover should be the only factor changed. If you change
the amount of water used in each sample, or change the type of
material that it is tested on, it can be difficult to eliminate these as
potential causes of the results.

Testing a claim or device

Many commercial products, machines and devices will make claims about their performance to appeal
to consumers. Often the claims are full of language designed to evoke emotions. Many of these claims
are hard to prove without buying all of the available products and making your own comparisons. For
example, a washing powder may claim that it makes clothes 100% brighter than other powders, while a
washing machine may claim that it makes clothes 100% cleaner than another machine. Assessing these
claims and finding secondary sources can be very difficult as there are many variables that need to be
considered; for example, the type of soiling/staining on clothes, the type of material being washed, the
length of the wash cycle, the quality of available water and the temperature of the water.

valid

extent to which a
report or investigation
contains accurate
data, inferences and
conclusions

hypothesis
educated guess
tested through
experimentation to
answer the inquiry
question; states the
relationship between
the independent and
dependent variables

reliable

extent to which an
observation and/or
measurement can be
repeated under the
same circumstances
and produce similar
results

iStock.com/sanjeri

FIGURE 2.1.1 Investigations are an important part of the
scientific process of testing a hypothesis.

independent
variable

factor deliberately
changed during an
investigation to obtain
data

dependent
variable

factor measured in the
investigation

controlled variable
factor that is kept
constant during the
investigation
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INQUIRING
FURTHER

2.3.1 Making
documentaries
and reports

bias

when personal opinion
affects how a person
weighs the validity of
evidence

2.3.1 Making
documentaries
step-by-step

2.3.2 How to make
a documentary
part 1

2.3.3 How to make
a documentary
part 2

2.3.4 How to make
a documentary
part 3

2.3.5 Simple
mistakes
documentary
filmmakers make

peer review
process in which
experts review and
critique the work and
research of others in
the same field

To successfully test a claim or device it is important to identify:
» what you want to learn from testing the claim or device
» what you already know about the topic
»  the research that already exists (secondary sources)
» the dependent and independent variables
»  what you think will happen in the test
»  how you will record the data

» how you can repeat the test to ensure it is fair and valid.

@ Making documentaries and reports
i

A documentary film is factually based and usually reflects an area of interest of the film maker. A
good documentary will critically evaluate the evidence for a concept and make a judgement. It might
show examples of how a particular concept works, including positive and negative aspects, and make

an overall judgement. Documentaries may be subject to criticism, so it is important to present the
information factually and without bias. Any
bias may negatively impact the perception of
the documentary and a lack of facts will lead
to the documentary lacking credibility.

When creating a documentary it is a good
idea to complete the following steps:

»  identify an area of interest

» complete an extensive secondary source
study that investigates the subject broadly
and deeply

» create an outline for the documentary
including a storyboard and a draft script

FIGURE 2.3.1 A documentary can be used to present data
) identify and rectify any legal, ethical and about a topic or attempt to highlight an important issue.

copyright issues

»  revise the script

»  film the documentary

» edit the documentary

»  show the first edit to others for peer review
»  refine the documentary based on feedback

»  present the final documentary.

o View some YouTube documentaries and TED
presentations related to a topic of your interest.

o Assess whether the documentaries and
presentations are factual or have bias. Present a
report to your class on what you have found.
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A report can be written, verbal or visual and aims to provide the
intended audience with information on a particular topic. As with a
documentary,itishelpfulifthe person writing the reportisinterested
in the topic, the report is factually based, the research is broad and
deep, and the information is free from bias. A report should be
written in an active voice. For example, ‘We set up the equipment as
shown in the diagram’ and “We repeated the procedure three times'.
Your report should include the following sections.

» Title
»  Abstract (or summary)

» Introduction

» Materials
» Method
»  Results

» Discussion

» References

@ Conducting a literature review

A literature review investigates scientific articles, compares their conclusions, and often evaluates the
conclusions based on the validity and reliability of the investigation. A literature review is usually written
in an essay format with an introduction, body, conclusion and reference section.

The introduction states your aim in writing the literature review. It answers the question, ‘Why are you writing
thisreview? In the introduction you should describe your aim and briefly talk about the areas you are going to discuss.

Once your introduction is complete, you need to focus on the body of your review. In the body section
you articulate your arguments and give evidence to support them. Each body paragraph should include
the information you have researched and summarise your main ideas. For example, several paragraphs
could discuss the historical background of the topic, such as in the history of ideas on atoms. Others
could discuss further research in the area, such the development of cochlear implants. Others may
discuss advantages and disadvantages of the concept being discussed, such as whether an area should
consider nuclear power. Essentially this is where you are outlining your ideas.

Once you have discussed, outlined and assessed the topic in the body of your review, you will need to
summarise your argument(s) and make a conclusion.

In the research phase of the literature review it is important to accurately record all of the literature
you are reading either by hand, in an electronic document or using the features of your chosen software.
You should include a list of all of the literature you discuss in the reference section of your review.

@ Developing evidence-based arguments

An evidence-based argument is a piece of writing designed to influence peoples thoughts on certain topics.
You start by choosing an area of interest, researching this area and then presenting a point of view. From here
you develop an argument supporting your claim. Each point is supported and elaborated on with evidence

Shutterstock.com/stock_photo_world

FIGURE 2.3.2 Many reports can be given as lectures.

2.4.1 Sydney
University
literature review
tutorial

atom

from the Greek
word ‘atomos’
meaning cannot
be divided

2.4.1 Critical
evaluation of
scientific articles
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from reliable sources. It is important that you cross-reference that the evidence has been checked and verified
many times. It may also be appropriate to discuss opposing views and use evidence to show why your idea is
correct. There may be some areas where the arguments for both sides are strong, and both have valid points.
In this case, show both sides of the argument and provide evidence for why you think a point of view is correct.
A process to follow when developing an evidence-based argument is to:

»  identify the issue

» understand the scientific, social, ethical, environmental, economic and other important aspects of
the issue

»  identify, research and analyse the existing information

» evaluate the research and form an opinion/develop a position

» organise the argument

»  write the first draft

»  submit the draft for peer assessment

» review the peer assessment and prepare the final argument

»  publish or present the final argument.

For example, the following outlines how to begin an evidence-based argument concerning genetically
modified (GM) crops.

1 Identify the issue.

»  People should support the development and production of GM crops.

2 Show an understanding of the scientific,
social, ethical, environmental, economic
and other important aspects of the issue.

» GM crops produce more seed, and
therefore, they can feed a higher number of
people (e.g. social, ethical, economic).

iStock.com/-MG-

» Impacts of climate change may impact
on food crops, thus plants need to be
genetically modified to allow them to
survive in harsher weather (e.g. scientific,
social, environmental, economic).

FIGURE 2.5.1 GM crops are designed to overcome
difficulties such as poor soil or increases in temperature. While
which reduces the need for pesticides (e.g. this may allow more crops to be grown, many people have
concerns about the long-term effects of eating these foods.

» Certain GM crops are pest resistant

scientific, environmental, economic).

@ Writing a journal article

Often after completing their research a scientist will publish their results. This is usually done through journal
articles. The publication of journal articles is an important process in science as it allows other scientists
to look at how the scientist conducted their research, whether their investigations were fair and valid, and
whether the conclusions made from their investigations were valid. A journal article should methodically
explain each step in detail, so that other scientists have a guide for repeating the investigations. Other
journal articles may use secondary sources. However, they should follow the same methodical approach.
Before the journal article is published it should be peer reviewed. In this process other scientists assess
the methodology and analysis of results, and make a judgement about the validity and reliability of the
research. If it doesn't appear to have a solid scientific methodology then it may be rejected for publication.
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In most cases ajournal article will have a structure similar to that of a standard scientific investigation.
»  Question
»  Background research
»  Hypothesis
»  Conduct an investigation
» Analyse data and draw conclusions
»  Construct a new hypothesis (if the results do not align with the hypothesis)

»  Draw a conclusion (if the results align with the hypothesis)

@ Writing an essay

An essay is a piece of writing that usually presents arguments, and assesses the reliability and validity
of these arguments which then leads to a conclusion. This conclusion should be supported by the
evidence given in the body of the essay.

The introduction gives a basic rundown of the main points of the essay and indicates the argument; in
other words, the introduction summarises what the author is attempting to show in the rest of the essay.

The main body of the essay examines the evidence that the author is using to back up their argument. In
most cases, each piece of evidence should have its own paragraph outlining the main points with examples.

The final paragraph will be the conclusion, where the author briefly summarises the main points,
with a statement talking about the argument.

An approach to writing an essay includes:

» choosing a topic

» conducting research into the topic

» scaffolding the development of the essay based on research
»  writing a thesis (introductory) statement

»  writing the main body of the essay

»  writing the introduction and conclusion

»  submitting the draft for peer review

»  revising the essay

2.7.1 Essay
»  publishing the final essay. scaffold

Developing an environmental
management plan

An environmental management plan describes how an activity, such as a new housing development,
might impact on the local environment. The plan should ensure that best practice is employed during
the activity, that all legislation is adhered to and assess the risks associated with the planned activity.

The management plan should be impartial and have qualified experts from a number of fields
involved in its development. For example, archaeologists may be called upon to assess if there are any
significant cultural or heritage risks associated with the planned activity.
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There are many different types of environmental management plans, but the basic structure consists of:

» an introduction to the activity, the objectives of the plan and any environmental policies

» who is responsible for the environmental management, any licences that are required, reporting
requirements and training requirements

» details on the implementation, including a risk assessment, the environmental activities/controls,
the management plan, and appropriate maps and schedules

» how the plan will be monitored, audited and reviewed, and identifying any corrective actions that
may need to take place.

@ Analysing a narrative

Many movies claim to use science, or scientific concepts, as a central part of their plot. In analysing

a narrative, you may look at books or movies and analyse the science used. This might involve doing

background research on the ‘science’ in the narrative and critically analysing its accuracy. For example:

»  The movie showed a volcano that was emitting a runny lava as well as a pyroclastic flow. It would be
unlikely that both would occur simultaneously from the same volcanic source.

»  The movie showed small spacecraft firing loud laser blasts. In space, lasers would be silent, as there
is no air to carry the sound. Lasers are invisible unless passing through particles that reflect the light.

»  The characters in suspended animation would most likely awake with brain damage, as brain function
was stopped for a long period of time.

@ Creating visual representations

Conducting and presenting a secondary-source investigation involves hours of delving through
information and re-writing text to present a case that appropriately addresses your research question or
inquiry. To complement the written text, it is beneficial to include visual representations as an alternative
way of communicating information. Visual representations can also be included in depth studies that are
design-based or as a way to display the results obtained by field work or a primary investigation.
Examples of visual representations that can be used exclusively or as part of a depth study may include:

» concept maps

» labelled diagrams

»  diagrams of experimental set-up

» graphs and tables

» timeline of technological advancements
» taxonomic keys

»  scientific drawings of biological specimens
»  design briefs for a model

»  drawings of chemical structure

»  phylogenetic (or evolutionary) trees

»  genetic pedigrees

» cartograms.

Visual representations are a powerful scientific tool as they allow complex scientific concepts to be
shown diagrammatically. Imagine this book with no images, diagrams or concept maps and you will
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soon appreciate the purpose of visual representations. By including a visual element
to your depth study, the written text is strengthened with further evidence.

FIGURE 2.10.1
Pedigrees are an
example of a visual
representation that
may be included

in a depth study
focusing on applying
the conclusions of
Mendelian genetics to
investigate a heritable
characteristic in your
family.

Investigating emerging technologies

From Galileos telescope and van Leeuwenhoek's microscope to the Large Hadron Collider, advances in Large Hadron

technology are closely associated with sophistication in scientific thought. Asnew technologies are constantly E;Llc'gzrcce lerator

emerging, a depth study is an opportunity to investigate and evaluate the potential of recent innovations. thaE le OD(EAS Subat)oﬂgit
particles (nadrons) a

Your investigation may aim to investigate emerging scientific technologies strictly related to the work high speed
of scientists or scientific technologies affecting other target audiences such as the community, public
health or even business owners. Regardless of the proposed technology, the following process can be

used to initiate your investigation:

»  choose an area of science that interests you

» research new or emerging technologies in that area

»  relate the technology to an outcome in the Investigating Science syllabus
»  determine your target audience/s

» evaluate the technology in terms of the target audience selected

»  discuss the benefits and limitations of the technology

» include visual representations of the technology.

As there is a constant turnover in new technological products, the ability
to assess and evaluate the potential of new scientific equipment and medical
technology is an invaluable skill. By selecting this form of depth study, you
will develop your ability to analyse a product beyond its face value to make
a holistic judgement on its quality and ability to contribute to the industry it
claims to benefit.

Designing and inventing

© TellSpec Inc

FIGURE 2.11.1 Food scanners are an emerging
technology that have recently been the subject
of discussion. The scanner claims to analyse the
ingredients and additives in certain foods and

is being pitched as an essential device for those
with life-threatening allergies as well as a tool for
those seeking to make better health choices.

Those with interests in engineering may wish to design their own invention or improve an existing one.
The design element of the invention may be a proposal that encompasses visual representations of the

invention or it could be a prototype for the invention itself.
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If you choose to create an invention, you must |
consider the following issues:

»  time to complete the task

» availability and cost of the materials to make your
invention

Getty Images/Michel Porro

» appropriateness of the invention in an educational
setting (must not be offensive or associated with
violence)

»  expertise required to construct the invention

»  whether your proposed invention has already been

patented. g é”

This choice of depth study provides the ultimate | ég
platform to apply scientific inquiry. For those who are | %%‘
always thinking of newideas, thisisan opportunitytofinally <

transform your vision into something more concrete. Of
course, if you are considering this form of depth study; it
is important to consult your teacher and complete a lot of

background research to ensure that it is plausﬂ)le FIGURE 2.12.1 Nineteen-year-old Boyan Slat invented
a device to clean up plastic waste floating in the ocean

while allowing marine life to pass through unharmed.

@ Creating a working model

Modelling is used extensively across the disciplines of science to illustrate a concept or process, or as
arepresentation of complex scientific equipment. Additionally, if a proposed invention is not feasible
due to lack of time or resources, then you can construct a model that depicts your idea.

All models do not have to be physically built; they can also be mathematical, diagrammatic, computer-
generated or abstract. However, if you wish to construct a model as your depth study, it must be a working
model. That is, it must include some degree of interaction in which it actively demonstrates a process.

A simplified example to demonstrate the discrepancy between a model and a working model may
be demonstrated through a model of the planets in the Solar System. In this instance, the model is
considered a working model when it demonstrates not only the relative size and order of each planet but
also the orbital properties of the moons and planets in relation to the Sun. Figure 2.13.1 also demonstrates
an example of a working model.

In order to construct a scientific model, you should ensure that you:
» conduct a lot of background research on the chosen phenomenon
» draw a draft of your model that includes the
dimensions to scale
» complete a detailed risk assessment if
chemicals or electricity are involved
» select materials that are appropriate for what
is being modelled
»  consider the cost of those materials.
Models are an important scientific device as
they can represent phenomena that are difficult

to observe, lncludlng those that: FIGURE 2.13.1 The‘lemon battery’electrical circuit is an example
of a working model that may be used to demonstrate how the
electrolytes found in fruit can facilitate electron movement.

Science Photo Library/MARTYN F. CHILLMAID

» are too large or small to see

» occur too slow or too fast to observe
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» no longer exist or happened in the past
»  have not yet been invented (prototypes).

Models simplify complex processes, and by doing so, they are likely to increase your understanding
of difficult concepts. Creating a model allows you to put theory into practice and is a perfect choice of
depth study for those who prefer the practical, more tactile elements of the course.

@ Creating a portfolio

Aportfolio is compilation of work that aims to provide multimodal evidence for a particular purpose. In this case,
aportfolio may be used to compile all the elements of an investigation, whether it is a primary or secondary one.
The portfolio can be used to compile:

» research

»  reflective journal entries

»  drawings, diagrams and photographs

»  timelines

»  maps

»  tables and graphs

» spreadsheets

» responses from survey questionnaires

»  transcripts from interviews with experts

»  the primary investigation itself (i.e. research question, aim, hypothesis, materials, risk assessment,
method, results, discussion and conclusion)

» conclusions drawn from related investigations.

Your portfolio should be presented in a folder with a table of contents at the beginning outlining the
type of evidence included and with the associated page number/s labelled (Figure 2.14.1).

FIGURE 2.14.1
Table of contents A portfolio should
Investigating the impact of coral bleaching on include a table of
biodiversity in the Great Barrier Reef since 2010 contents at the
beginning.
Page/s
Background information on coral bleaching 1-3
Awareness of coral bleaching: Survey results 4-5
Distribution graphs 6-8
Statistical analysis 9
Interview transcript: Marine biologist 10-11
Photographs over time 12-13
Conclusions 14
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@ In the field

fieldwork The general process of fieldwork refers to
investigation conducted
outside the Iaboratory

iStock.com/RainervonBrandis

observations that are collected and recorded
in a natural environment, as opposed to a
relatively controlled environment such as a
laboratory. Fieldwork is essential in many

argas of science. FOF example, in trymg' to \:‘. »_{ (4 e e 7

gain an understanding of some ecological - s R SR Y

relationships such as those between biotic and FIGURE 2.15.1 Spec.ialised technology has gllowed 'scientists
oo . . to conduct fieldwork in the ocean, such as this scientist

abiotic factors in a natural setting, researching coral bleaching.

Primary scientific investigations comprising
fieldwork not only increase our understanding of the world around us, they also have great economic
importance. An example is soil testing which includes the collection and analysis of a sample of soil for
nutrients, pH, salinity, organic matter and contaminants such as heavy metals. In testing these factors,
environmental scientists can provide farmers and other land users with feedback on how to increase
the efficiency of their soil. These programs are essential in the agricultural industry in order to maintain
healthy and fertile soils that encourage the rapid growth of crops.

In terms of the depth study, field work does not always have to consist of an entire field study; it can
also include designing field trips, conducting surveys and interviewing experts.

Ifyou choose the main component of your depth study to be based in the field, you may either plan and
perform your own field study, or design a field trip that aims to educate selected members of the public.

Considering your local environment

Local environments such as bushland, river
banks or tidal zones are the most appropriate
location to conduct a field study. Whether
you are conducting the field study yourself

iStock.com/istock80

or planning a field trip for the location, local |+
areas are familiar and relevant to your life.
Ifyou wish to design a field trip, an example
may be to educate students from your local
primary school about the aspects of a local
ecosystem such as an area of bushland, river
bank or tidal zone. Alternatively, if you reside

in a heavily urbanised area, there may be
museums close by that could be used as the ) ; T
basis of a field tri FIGURE 2.15.2 Rock platforms in tidal zones, such as this one
asis ol a e T1p. at Bateau Bay on the New South Wales Central Coast, are an
Once you have an idea of the types of example of an environment you could use for your field study.
environments or facilities you might be able

. ¥ 8 -
i e FWx %

to use, you need to reflect on what it is you want students to learn during this field trip. At each step of
planning your field trip, it is important that what the students will learn is at the forefront guiding what
you plan.

You might talk to your teacher about areas of the year 7 curriculum that could be used to introduce
primary school students to the concepts they will be learning when they go to high school. In doing so,
the field trip is relevant to the students.
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Many facilities such as museums will require school groups to book into the centre, even if it is free to
enter, to ensure the centre is not overcrowded when you visit.

Once the venue has been decided, it is important that you visit there to get an idea of how your field
trip will progress. If you are entering an ecosystem you will need to ensure that it is easy for the students
you intend to take there to move around, take rest breaks and have access to a toilet. For example, a bush
track with steep inclines may not be suitable for younger students.

Another crucial step to planning any field trip is completing a risk assessment. A risk assessment
allows you to foresee any potential problems before they happen. The following describes the different
components of a field trip risk assessment.

» Identify: What is potentially going to be a problem?
»  Assess: Is it alow risk, a medium risk, or a high risk?
»  Control: How can you minimise the degree of risk?

If you complete the risk assessment and think there is a high risk of an incident occurring, then you
should reconsider the suitability of your field trip.

If you wish to examine a local environment yourself, then you may plan and perform your own field
study. A field study is a research project carried out in the natural environment and looks at the many
interacting factors of an ecosystem.

An example may be to examine the abiotic and biotic interactions within a rock platform ecosystem.
A field study of this nature may include:

»  assessing water quality, turbidity, salinity and pH 2151 Field sttudy
OT an ecosystem

»  listing the abiotic factors influencing the ecosystem

»  identifying species and constructing a food web of the ecosystem species
. . . — . . X group of living
»  using quadrats and line transects to determine the distribution and abundance of particular organisms organisms with similar
L. . characteristics that can
» examining the human impacts on the ecosystem. interbreed

Information collected in a field study may be presented in a portfolio with related research and data
or could act as evidence for an environmental management plan.

@ Engaging with experts

Conducting field work can also involve seeking opinions and expertise from those who specialise in the
area of your investigation.

Engaging with experts may take place through informal conversations, structured interviews, local
tours, email correspondence, scientific forums or social media. Interviewing is a useful way to obtain
information from experts. When planning and conducting an interview; it is beneficial to:

»  conduct the interview in a public place such as a library conference room or university
»  carefully plan the questions before meeting and have them written down

» ensure most of your questions are open-ended; that is, they encourage explanations rather than yes/
no answers

»  bring a voice recorder and transcribe the interview later

» ask the expert if there is anything else they would like to add.
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If your chosen
depth study focuses
on Indigenous
perspectives of a
scientific concept,
such as natural
medicine, Aboriginal
education officers
and community
groups may be able
to put you in contact
with local elders in
the community.
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Meeting face-to-face with an expert in close
proximity to your local area may be difficult, especially
if your chosen field is a niche market. To overcome
this, you may choose to conduct interviews or contact
local agencies via email.

If you live close to a university, you may also be able
to collaborate with scientists who are working in areas
that you are interested in. Additionally, you may be
able to use programs such as Scientists in Schools, run
by the CSIRO.

@ Analysis

Irrespective of your chosen depth study, you will have to

undertake some form of analysis. Analysis is a detailed
examination of the components in your investigation.
You may undertake data analysis if you have chosen to
perform a primary scientific investigation which also
involves constructing tables and graphs to determine
any relationships in your data. If you have selected to
do a secondary investigation, the analysis may involve
examining current research published in your area of
study for its reliability and relevance to your aim.

Data analysis

FIGURE 2.16.1 Local elders are knowledgeable
sources of information, particularly in regards to
your local area.

Data analysis is also referred to as the discussion’ in a primary scientific investigation. It is the component
of your investigation where you link the results to the hypothesis and aim.

Data analysis can involve:
»  identifying trends and relationships

» comparing results to similar research

» commenting on reliability and validity in relation to the variables of the investigation

» recognising any limitations in your investigation

» accounting for any discrepancies in your data

»  suggesting how your findings can be used in future investigations.

Completing data analysis and including it as a reflection of your investigation allows those who are
reading your research to evaluate its purpose and determine if it effectively addressed the aim. It also
provides an opportunity for you to explain your findings and account for any problems that may have

occurred throughout the investigation.
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@ Constructing graphs and tables

Tables and graphs are usually included in the results section of a primary investigation as a simple and
effective way to organise and display the data collected. Once the data from tables are transformed into

the most appropriate graph type, any trends or relationships can be identified and explanations devised.

qualitative data

descriptive data

collected as

evidence during an

investigation (e.g
Tables are used to systematically record and manage data. If you intend to submit a primary investigation images, observational

. . . . . t
for your depth study, displaying your results in a table provides readers with a snapshot of the outcome sentences)
quantitative data

to your investigation. There are many ways in which a table can be constructed and there are slight il values

differences depending on the type of data you are collecting. Figures 2.18.1 and 2.18.2 can be used as collected as evidence
during an investigation
(e.g. calculations,

respectively. measurements)

scaffolds to display the results from investigations that collect qualitative data and quantitative data,

When collating quantitative data, make the columns your dependent
variable and ensure the units of measurement are in brackets

Table 1. Heart rate following 15 minutes of exercise Trials improve reliability
as they depict consistency
Heart rate (BPM)
When collating . P |
quantitative data, Trial =
make the rows ———— Participant 1 2 3 Average <«—— Reporting onan
your independent average from
variable multiple trials
makes the data
more reliable

FIGURE 2.18.1 A table scaffold for recording quantitative data.

Collating data from different groups
addresses consistency and improves reliability

Table 2. Product of chemical reaction with unknown chemicals T
Group
The independent 1 2 3

variable is addressed

in the rows —’Chemical Precipitate

Precipitate Precipitate
reaction R Colour YN a Colour (Y/N) Colour (Y/N)

Chemical 1 +
Chemical 2

Chemical 2 +
Chemical 3

Chemical 1 +
Chemical 3

When collecting qualitative
data, columns show the
dependent variable/s

FIGURE 2.18.2 A table scaffold for recording qualitative data.
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You may be able to identify a relationship from simply looking at numbers in a table but the best way to
determine the strength of that relationship is to plot a graph. As is explained in Chapter 3 and summarised
in Figure 2.18.3, there are many types of graphs and each has a specific purpose.

4 Line graph: Change over time or distance Scatter plot: How one variable affects another
300 A
50 4 o
250 A 451
3
g 404 °
200 - 2 35 °
4 (]
150 é -
:E’ 25
o i
100 % 20 °
g 15 1 °
I 10 A
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5 1 °
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 0 40 45 50 55 60 65 70 75 80 85 90 95 100
Test (score out of 100)
Pie chart: Percentage data Column graph: Categorical data with numerical values

y
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\
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10- [
e,

0 -
Football Basketball Baseball Hockey Volleyball — Track
and field

Votes

Sports

FIGURE 2.18.3 Each type of graph has a specific purpose. This figure shows how the most appropriate graph type to include in your analyses is
determined by the manner in which your data is collected.

When constructing a graph, consider the following points.
»  All graphs should be large and clear with a scale so that the data takes up most of the plot area.
»  The independent variable is usually placed on the x axis and the dependent variable on the y axis.
»  Axes must be labelled with the names of the variables and their units.
»  The title of a graph should include the name of the independent and dependent variables.
»  Scatter plot points should not be joined together but can include a line of best fit.

If your depth study includes primary research then it is beneficial to include a graph depicting your
findings. In doing so, the results are succinctly presented and accessible to all readers, and can also be
used as a reference point in your discussion (analysis).
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Identifying trends

Line graphs and scatter plots are constructed to determine
whether a trend (or correlation) in the data exists.

To describe a trend, describe the behaviour of the dependent
variable as the independent variable changes. In Figure 2.18.4 the
trend would be written as follows: the data collected from this
investigation shows that the more hours students spent studying,
the higher their test score.

When identifying trends, it is important to keep in mind that
correlation does not always equal causation. You may identify a
relationship between the variables, but this does not always imply
that one causes the other. For example, Figure 2.18.4 shows a
positive correlation between hours spent on homework and the
scores in a test, but this does not mean that homework is the only
cause for increased test scores.

Homework versus test scores

100

Scores (out of 100)

20

0 T T T T Y T
0 0.5 1 1.5 2 2.5 3

Hours (per night)

v

FIGURE 2.18.4 This graph shows a positive correlation between
the amount of hours spent completing homework and scores on
a test.

@ Analysing a variety of sources

Similar to a literature review, analysing a variety of sources allows a scientist to examine current texts
and research to discuss conflicting ideas or gather evidence for your hypothesised theory.

Secondary sources are those that are published by any individual who did not personally participate
in the event or research being examined. Analysing secondary sources may include examining the

information contained within:
» textbooks

» magazines

» websites

»  videos

» TNewspapers.

2.19.1 Secondary
investigation
scaffold

2.19.2 Primary
investigation
scaffold

These sources can provide background information and context to your investigation, form the
foundations for evidence-based arguments, and act as an inspiration for creative tasks.

Primary sources are those that are published by an individual who was actively involved in the study or
research. The most reliable form of primary scientific research is peer-reviewed articles. When research
becomes subject to peer-review, it means that it has been evaluated by several academics in the specific
area of research. Peer-reviewed articles have therefore been affirmed as being of exceptional quality and
in adherence to the standards of the scientific journal in which it has been published.

Analysing peer-reviewed articles demonstrates a sophisticated ability to select and evaluate relevant

scientific sources and therefore adds complexity to your study.
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MODULE 1 CAUSE AND
EFFECT — OBSERVING

Behind every scientific investigation lies an observation. Whether it is a change in the environment,
a new combination of disease symptoms or a product of a chemical reaction, observations provoke
thought and inspire scientists to formulate questions, design tests and discover results that support
or disprove a theory.

» How do observations inform scientific investigations?
- What are the benefits and limitations of qualitative and quantitative observations?
» How do you accurately collect primary data?

» How can the data from a primary investigation be collected and presented to reflect the
outcome?

(%]
=
=
|_
(V2]
w
2
o
>
=
=)
(=}
=

» How do conclusions drawn from primary scientific investigations promote further research?

E Students investigate:
§ « role of observations « observations as evidence
« types of observations « observing, collecting and recording data
@ A student:
5
E = develops and evaluates questions and hypotheses for scientific investigation INs11/12-1
o

= conducts investigations to collect valid and reliable primary and secondary data and information
INS11/12-13

= selects and processes appropriate qualitative and quantitative data and information using a range
of appropriate media INS11/12-4

= identifies that the collection of primary and secondary data initiates scientific investigations INs11-8

Investigating Science Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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chemical reaction
chemical process
that involves the
rearrangement of

the elements of the
reactants into new
products

inference
conclusion that is
rationally and logically
made based on
observations and
available information

3.1.1 Observation
and inference

3.1.1 African
animals live
webcam
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Role of observations

Usually the word observation is associated with something that has been seen. However, as shown in
Figure 3.1.1, observations actually include information that has been acquired through any of the senses;
including sight, hearing, taste, feeling and smell. People make unique observations related to their life on
a daily basis. For example, you may observe that it is raining by listening to the rain drops on your roof
or feeling a rise in the humidity.

Observations

Seeing Hearing Tasting Smelling Feeling

FIGURE 3.1.1 Observation comes in many forms.

Having many forms of observation is imperative to scientists as it allows them to gain information in
a variety of ways. For example, chemists may regularly use a combination of sight and smell to determine
the nature of a chemical reaction whilst biologists and environmental scientists may rely more heavily
upon sight and hearing to work out specific ecological interactions. By combining different forms of
observation, scientists are able to make conclusions that support or disprove scientific hypotheses and
encourage further research.

After observing an interaction, relationship or phenomenon, it is natural to make assumptions as to why
it occurred. These assumptions are known as inferences and are an attempt to explain an observation
using reasoning.

People make inferences based on the observations that they make every day. For example, it could be
inferred that someone has bad eyesight if they are wearing glasses, is happy if they are smiling or late if
they are running at a train station.

Because inferences are based on assumptions, making too many without questioning can be
problematic. For this reason, scientists investigate the cause of an observed effect through extensive
testing which allows them to make informed conclusions.



INVESTIGATION

Making inferences

To demonstrate that the difference between an observation and an inference can be completed without
the use of any scientific equipment

1 Copy and complete the table below to record six observations and inferences.

OBSERVATION(S) INFERENCE

2 Select six items from your backpack and lay them out in front of you.

3 Use different forms of observation to investigate your partner’s items and write your observations in the
appropriate column.

4 Use reasoning to infer why your partner has each item and write it in the Inference’ column in your table.
5 Discuss the items with your partner to determine if your inferences were correct.

Recording data from observations

No matter how a practical investigation is designed, scientists always rely on the data collected from qualitative data

observations to inform their results. There are two ways in which data is collected from any form of descriptive data

observation; qualitative data collection and quantitative data collection. Depending on the way in which Eﬁ:‘degﬁig ffw,ng an

data is collected, an observation is categorised as being inherently qualitative or quantitative. ::ﬂvsggga&igr(;%i'oﬂa‘
Quantitative observations are those that rely on the measurement and use of scientific equipment sentences)

to collect data. Qualitative observations are those that rely on personal opinions and/or descriptions

. . . . L . o L quantitative data
during data collection. Practical investigations can focus on recording qualitative data, quantitative data numerical values

or a combination of both. (Cjol\ected as evidence
uring an investigation

(e.g. calculations,

measurements)

Qualitative and quantitative
observations in behavioural
science

The field of behavioural science is built upon
observing biological interactions. Behavioural
science laboratories often involve many
hours of attentively recording interactions
between species such as the number of times
a male fish swims toward a female fish, or
the manner and direction in which a spider
weaves its web.

Alamy Stock Photo/Gallo Images

species

group of living
organisms with similar
characteristics that can
FIGURE 3.1.2 Behavioural scientists also work in the field interbreed

to observe interactions between species.
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INVESTIGATION

Burning a candle floating in a closed container

AIM
To make observations of a burning candle floating in a closed container

MATERIALS

= floating candle
= trough

= water e
= matches

= large beaker
= stopwatch

Pour enough water in a trough to cover the base.

Place the candle on top of the water. S

Light the candle using match.

Place the large beaker upside down over the candle.
FIGURE 3.1.3 Experimental set-up

1 N WO N =

Record quantitative and qualitative observations in a table.

Copy and complete the table below.

QUANTITATIVE OBSERVATIONS QUALITATIVE OBSERVATIONS

DISCUSSION

1 Select one qualitative observation and infer why it occurred.
2 Select one quantitative observation and infer why it occurred.
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INVESTIGATION @

Qualitative and quantitative observations

This practical highlights how qualitative and quantitative observations are made in behavioural science by
recording the behaviours of slaters in wet and dry environments. It is best to complete this practical in groups
with each member responsible for a particular role, such as‘observers'and recorders.

AIM

To determine differences in behaviour of slaters in wet and dry environments

MATERIALS

= two slaters

= dry soil

= water

= two petri dishes
*  tablespoon

= stopwatch

Place 2 tablespoons of dry soil in each petri dish.

Add 1 tablespoon of water to one petri dish and label it "W’ (wet).
Label the second petri dish ‘D’ (dry).

Place one slater in each petri dish.

Start the stopwatch.

N 01 N W N =

Create a tally in the appropriate column each time the slater moves and record the time of the movement
in minutes and seconds.

Stop recording after 10 minutes.

Discuss which slater’s movement was faster or slower with your group and record your observations in the
appropriate column.

9 Compare your findings with other groups.

Copy and complete the following table.

QUALITATIVE OBSERVATIONS QUANTITATIVE OBSERVATIONS
Speed of movement Number of movements Time of each movement
(fast/slow) (min/sec)

Wet environment

Dry environment

DISCUSSION

Infer why each slater behaved in the manner observed.
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Scientific observations in history

Many of history’s greatest scientific breakthroughs have been the result
of a simple observation that sparked inquiry and experimentation.
Without these initial observations made by scientists such as
Archimedes, Galileo and Fleming much of our understanding of pivotal
concepts underpinning the interactions of our daily lives would not be

Imagefolk/Image Asset Management

understood.

Archimedes: Observing water displacement

=N youre planning on taking a bath, you know that you can't fill the water
;:i(:,l:i?,ﬁe3;,1;?,;:3;2?3;?:::?,?f:?g;:i:rcmmdey right up to the top because once you get in, the water will topple over
the sides and spill on to the floor. While you can easily identify that your
body volume is the reason for the increase in water level, it was the mathematician Archimedes who

applied this everyday observation to formulate a theory he named Archimedes’ principle.

Believed to have occurred around 265 BCE, the motivation behind his principle came about when
mass Archimedes was summoned by King Hiero II to investigate his suspicion that a goldsmith replaced some of
amount of matter in a the gold in his crown with silver. With no way to easily determine it at the time, Archimedes was asked to
sold. iquid or gas find a solution to the dilemma. It was during his routine bath that Archimedes had an epiphany: the amount

of water displaced was equal to the volume of an object and that this volume could be used to determine
density. With this knowledge, he investigated samples of known gold and silver. Once he figured out the
density of both he submerged the crown in water and used its mass to determine whether its density was

3I3p2|al’gﬁ;‘§;t equal to gold or silver. Archimedes found the density of the crown higher than that of silver but less than
simulation gold, confirming the King’s suspicions that a mixture of the two was used.
3.1.3 How taking
a bath led to
Archimedes’
principle
3.1.4 the real '
story behind
Archimedes’
Eurekal! =Y s
§ - =
m
=< The crown and the gold The crown displaced more
B
Density = _mass 2 have equal mass. water than the gold.
volume z
= FIGURE 3.1.5 By submerging a fragment of gold with the same mass as the crown, Archimedes was able
>

to determine that the two were not equal in density.

Alexander Fleming: Observing the effect
of mould on bacterial growth

In 1928, after Alexander Fleming left his workbench
scattered with poorly sealed petri dishes containing cultured
staphylococci bacteria, he returned from holiday to make a
crucial observation. Shown in Figure 3.1.7, Fleming noticed
that one of the petri dishes had been contaminated by a
mould (Penicillium notatum) and around the mould was an = 3 i :

. . FIGURE 3.1.6 Alexander Fleming’s observation
area clear of bacteria. Interested and wanting to find out S ceaaite] (® s mealEne

Ronan Collection

Imagefolk/World History Archive/Ann
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more, he isolated the mould and experimented on a range of different bacterial groups to see if it had the
same effect. He published his findings in the British Journal of Experimental Pathology in 1929; however, it
was another ten years before a group of scientists at Oxford University transformed this laboratory mistake
into the life-saving antibiotic that is still used today: penicillin.

FIGURE 3.1.7
In Fleming’s culture
. of staphylococcal
Penicillin colony bacteria he observed
areduction in
Staphylococci undergoing bacterial growth
cell death surrounding the
penicillin mould.

Getty Images/Bettmann

Normal staphylococcal
colony

Galileo: Observing the movement of Jupiter’'s moons

Over 400 years ago Galileo Galilei made a series of observations that shifted scientific thought and formed
the basis of modern cosmology. While viewing Jupiter through his homemade telescope, Galileo saw what
he thought were three fixed stars in a line through the planet. After a month of observations, Galileo found
there were in fact four objects and that these ‘stars’ were carried along with Jupiter as it orbited, changing
positions along the way (Figure 3.1.8). The stars appeared to be orbiting Jupiter; an observation that contested
traditional cosmology’s idea that there was only one centre of motion in the Solar System.

7 January 1610
8 January

10January 1lo
2 Europa
3 Ganymede

11 January 4 Callisto

12 January

13 January

FIGURE 3.1.8 Galileo’s observations of Jupiter’s moons

Galileos discovery came at a time where there were two conflicting models
of our Solar System: the geocentric (Earth-centred) model and the heliocentric
(Sun-centred) model. As technology was limited, there was conflict over which
system should prevail. The geocentric model was based upon the belief that
Earth was different to other planets as it clearly had an orbiting moon. However,
Galileos discovery confirmed that Earth was not the only planet to have objects
in its orbit, which suggested that our Solar System may be arranged differently
to what was accepted at the time and eventually provided support for the later
devised heliocentric model.
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Observations by Aboriginal and Torres Strait Islander peoples

For tens of thousands of years, Aboriginal and Torres Strait Islanders peoples have been applying
observations of their natural environment to ensure their use of the land was carried out sustainably.
» One way of managing land is through the use of fire. Fires are lit on mornings in the cooler months of
3.1.5 Traditional . . . . . . .
Indigenous land the year, and in conditions where there is low cloud and little to no breeze. Aside from reducing the risk
management . . . . . : .
of spontaneous wildfires in the hotter months, controlling fire in this manner also increases the nutrient

availability in the soil to encourage fresh growth and germinates seeds that are triggered by heat and smoke.

INQUIRING
FURTHER

Investigate how traditional land management is being trialled in New South Wales. Present your findings in an essay
format as a justification for the re-introduction of Indigenous land management.

SECTION
REVIEW

REMEMBERING

1 Identify five ways in which you can make an observation.
2 Define:

a 'quantitative observation' b 'qualitative observation' ¢ 'inference.

UNDERSTANDING
3 lllustrate how Archimedes proved that the crown of King Hiero Il wasn't made of solid gold.
4 Describe how experimentation was used by two scientists to determine the cause of a known effect.

APPLYING

5 Examine Figure 3.1.9 and determine whether each of the following statements is a qualitative
observation, quantitative observation or an inference.

The frogis 17.34mm in length.

The frog is green.

A scientist is measuring the length of a frog.
A digital ruler is being used to measure a frog.
The frog is a juvenile.

- 0 Qo N T o

The frog is about to be returned to its natural
environment.

Photo by Mark Roth, USGS, UMESC, 2007

6 Demonstrate how Archimedes'principle could be

used in modern science? FIGURE 3.1.9 Scientists use digital rulers to

) . accurately measure small organisms.
7 Explain the importance of plants to modern health. Y g

) Types of observations

3.2.1 Qualitative
and quantitative

data
Quantitative and qualitative observations
As the name suggests, quantitative data refers to observations that are based on quantities or numerical
3.2.1 How values. In most cases, quantitative data is collected using scientific equipment. Observing time using a
simple ideas . . . . . .
lead to scientific stopwatch, distance using a measuring tape, temperature using a data logger, or volume using a pipette
discoveries

are all forms of quantitative observation.

Unlike quantitative data, qualitative observations rely on personal opinion to describe the results
of an investigation. Describing the colour, smell or appearance of an object or substance are examples
of qualitative observation.
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Observations in everyday life

Humans are known to be curious creatures, with some young children asking a question based on an
observation every five minutes. Our naturally inquisitive nature inspires us to try to make sense of our
observations by asking questions, developing hypotheses and designing primary investigations.

Observing pH pH scale

scale ranging from
The term pH relates to the amount of hydrogen ions that are released in a solution; or in other words, it Er?m tzatf deSC‘ﬂkb?S :
refers to the acidity or alkalinity (baseness) of a substance. As shown in Figure 3.2.1, the pH of a substance OfZiCU‘ blstyatn)rcea o

is measured on a pH scale that usually ranges from 1-14.

pH 2 | 3

Description Strong acid Weak acid Neutral Weak base Strong base

FIGURE 3.2.1 pH scale

Finding the pH of a substance is important in many facets of
science and everyday life; it can determine whether a plant will
grow in a certain soil, a particular facial cream is suitable for use
on human skin, pool water is safe to swim in, and even to balance
flavour combinations in food.

pH can be measured both quantitatively and qualitatively.
Quantitative data collection is enabled through the use of a

Alamy Stock Photo/sciencephotos

data logger with a pH attachment to give a digital reading. A
combination of qualitative and quantitative data is used when
universal indicator is added to a substance and the colour change
is compared to a pH colour chart.

FIGURE 3.2.2 Data loggers are used
to collect quantitative data.

Imagefolk/Bilderbox

Photographer: CSIRO Forestry and Forest Products

FIGURE 3.2.3 Universal indicator shows both quantitative and FIGURE 3.2.4 Substances with universal
qualitative data. indictor added display different pH values.
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INVESTIGATION

Measuring the pH of household substances

Using a universal indicator, a data logger and a pH colour chart, you can test the acidity and alkalinity of the
substances you are exposed to on a daily basis, using both quantitative and qualitative observations.

To determine the pH value of a range of household substances

MATERIALS

= universal indicator solution and pH colour chart

= data logger with pH probe

= distilled water

= six samples of household substances such as: shampoo, lemon juice, salt, sugar, bleach, pool water
samples, dish washing detergent, lemonade, antacid tablet, vinegar, fabric softener, baking soda

= test tube rack

= six test tubes (one for each sample)

& HAZARD MANAGEMENT

ASSERslgsENT Splash household substances in eyes Wear eye protection (goggles)

Broken glass Place all glass in centre of bench
Stop working immediately if a break occurs and notify teacher

1 Set up the test tubes in test tube rack.
2 Label each test tube from A—F.

3 Place 2cm of each of the household substances into the test tubes (you may need to add distilled
water to the substance if it is a solid).

4 Submerge the tip of the data logger probe into solution A, recording the pH value in your results table.

5 Repeat step 4 for the remaining solutions, rinsing the end of the probe in distilled water between each test.

& Add two drops of universal indicator to each test tube.

7 Gently swirl each test tube so that the universal indicator is uniformly mixed with the substance.

&  Compare the colour of the substance to the pH colour chart.

9 Record the colour and pH of each substance in your table.

Copy and complete the table below.

TEST TUBE | SUBSTANCE pH VALUE FROM pH VALUE FROM

DATA LOGGER COLOUR CHART

mMmO|IN|®| >

DISCUSSION

Analyse your results and comment on any similarities or discrepancies between the two forms of data collection.

CONCLUSION

Describe any generalisations or trends related to the acidity or alkalinity of the substances tested and their
general use in the household.
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Sir Isaac Newton was not the first person to observe an object falling towards

but he was the first to thoroughly investigate and draw concrete conclusions from
his observations. The legend tells us that gravity was discovered when an apple fell on
Newtons head; however, his law of universal gravitation was actually a culmination of

years of research based on centuries of observations and the knowledge of many

During his eventual formulation of the law of universal gravitation, Sir Isaac Newton relied

on quantitative observations of mass and distance in order to calculate force.
Although the concept of gravity is still not fully understood, the formulation
of Newton's law highlighted that gravitational force differs between objects of
varying mass and varying distance.
Figures 3.2.6 and 3.2.7 show that quantitative observations of mass, time
and distance can be plotted on a graph to provide a visual representation of

the earth,

scientists.

FIGURE 3.2.5 SirIsaac Newton

: I < , . _—
5 Newton’s law of universal gravitation = Newton’s law of universal gravitation
—
=
> . o
W A particle attracts every other particle in = F-G 7y Xy
. . . . w - 2
the universe using a force that is directly = r 3.2.2
proportional to the product of their v m:zzzl}gﬁméons
masses and inversely proportional to the F=force objects
square of the distances between them. G = gravitational constant 3N2v3t Isaa_IC_h
ewton: e
m, = mass object 1 mg;‘o‘(,"é‘r% d
ravit
m,=mass object 2 graviy
r=distance between two objects
300 4 g Acoustic fall time versus height
: 0.50 1
295 4 4 50 - A
E 045 - Measured time =+
2 290 ! ' (2h/g)'?
'g S 0.40 1
S 285 £ 2 0351
< 8 S 0301
280 s ¥
£ g 2 025
= S v
T 275 = £ 020-
g = 015+
& 2701 010
265 0.05
260 o O T T T T :
70 7T5 8X0 8T5 9XO 9% g 0 0.25 . 0.50 0.75 1
Jumper mass (kg) Height (metres)
FIGURE 3.2.6 Graph showing the relationship between the mass FIGURE 3.2.7 Graph showing the relationship between the
of a free fall jumper and the time they are in falling motion. distance of an object from the ground, and the time it takes for

the object to hit the ground.

INQUIRING
FURTHER

Although it seems like common sense that objects fall towards the earth due to gravity, there was a time before Newton when

gravity was poorly understood. Research the myths and misconceptions about gravity to learn mo
what we now know as the force applied by Earth’s mass. Share and compare your research with a c

re about the theories behind
lassmate.
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the relationship between the mass or distance of objects and the time in which it takes them to fall. From
graphs such as these, scientists can predict the speed at which the object is falling or the force applied to
the falling object.

Describing cells from hand-drawn and digital images

In the 21st century, scientists are fortunate to have relatively easy access to technology that allows

them to view objects and specimens on a cellular level. By making qualitative observations of cell

characteristics, scientists can propose hypotheses and account for differences in specialised cellular

structures according to their function. These observations may include the location and shape of the
Eeeul lst?ﬂ?ti?eetlhl:t has cell, the types of cell organelle present, whether the cell has structures that allow it to move or if it has
specific function a membrane-bound nucleus.

IT Fat

droplets

Cartilage-
forming
cells

Adipose

tissue Matrix

Cartilage
(at the end of a bone)

Central
- canal

Fibrous connective
tissue (forming

a tendon) )
Matrix

Collagen

fibre Bone-forming

cells
Elastic

Loose connective
fibres

tissue (under the skin)

FIGURE 3.2.8 There are many different types of cells in the human body and each is specialised to carry out a specific role. For example, red blood cells
lose their nucleus as they mature to provide more space to carry oxygen. This figure shows examples of cell specialisation in human connective tissue.

Collecting quantitative data from images of cells

While examining the qualitative characteristics of cells can indicate specialisation, collecting quantitative
data from images of cells can provide scientists with a more sophisticated understanding of the cells'
function.

One of the most common forms of quantitative data that scientists need to collect is cell size. Cell
size indicates the amount of nutrients and energy the cell requires which can provide information as to
how the cell functions in the body. For example, the largest cell observed in the human body is the egg
cell, or ovum, which is 0.1 mm in diameter. On the contrary, at just 0.05mm, sperm cells are the smallest

48 MODULE ONE » CAUSE AND EFFECT - OBSERVING 9780170411196



observed cell (Figure 3.2.9). While both contribute an equal amount of DNA to the developing embryo, the
ovum also contains all the instructions for embryonic development and must also have enough energy
to sustain itself during cellular division and thus must be significantly larger in size. The sperm cell is
little more than a nucleus with mitochondria for energy and a flagellum attached; it is small because its
function is to deliver DNA to the ovum.

Not only have scientific observations led to an increased
understanding of the phenomena in our current world,
they have also allowed us to gain insight as to how
certain environments may have looked before humans
were alive to document them.

Geological exploration and examination of fossils
found in sedimentary rocks provides scientists with
evidence to suggest how the dominant flora, fauna

Science Source/David M. Phillips

and terrain of an environment have changed over time.
Scientific understanding of sedimentary rock formation
indicates that the deeper the rock strata, the older the
rock and therefore the older any biological material
contained within it, such as fossils.

This knowledge of rock formation coupled with

. . . . . radiometric dating
radiometric dating has contributed to the construction

technique used to date

of geological eras and periods shown in Figure 3.2.11. FIGURE 3.2.9 Ovum and sperm: the largest and g;cfjdag;’ Q;”S;fi_‘jy
Radiometric dating is a quantitative form of data sl (s ot s n s i oty (s e rate of radioactive
. . . . great responsibility in the continuation of human isotopes
collection that uses the rate of decay in the radioactive beings.
isotopes present in minerals to determine the age of
rock strata.
FIGURE 3.2.10

Rock strata showing
geological succession.

INQUIRING
FURTHER

What do you know about how your local area may have looked in the past? Conduct your own research to determine how your
environment may have looked throughout geological time. Present your research as an annotated timeline.
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Millions of years PERIOD REPRESENTATIVE LIFE

before present Quaternary period

Devonian period Primitive fishes
Palaeozoic era 410

(ancient life)

Silurian period Sea scorpions

1.5
Cenozoic era Tertiary period /d Primitive horses
(recent life) 65
Cretaceous period * Last dinosaurs
140
Mesozoic era Jurassic period Quarry dinosaurs
(middle life)
210
Triassic period >'X First dinosaurs
245
Permian period _ﬂ Primitive reptiles
290
Pennsylvanian period * Giant insects
320
Mississippian period % Brachiopods
360
440
Ordovician period r Nautiloids
500
Cambrian period m Trilobites
570

Fossils older than the Cambrian period are rare. This earlier span of time is called the
Precambrian period.

FIGURE 3.2.11 The geological timescale is constructed using geological evidence of major environmental changes.

The type of data collection used in a primary investigation is determined by the nature of the hypothesis
being tested. While qualitative data allows data to be described, quantitative data collection is regarded
as being more scientifically accurate as it reduces the amount of error that may occur between scientists.

Have you ever asked your parents to have a ‘small’ party only to find out their definition of ‘small’ is
very different to yours? Well, this occurs between scientists too. One scientist may describe the texture of
amineral using the term ‘hard’ but this can be perceived differently by different scientists. While timber
and steel can both be described as ‘hard’ surfaces, one is actually much harder than the other. For this
reason, it is beneficial to combine qualitative data with some form of quantitative measurement such as
a scale. Mohs' hardness scale is an example of how one type of qualitative data can become quantitative
(Figure 3.2.12).
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INVESTIGATION

Making qualitative and quantitative observations in a primary
scientific investigation

This practical demonstrates examples of qualitative and quantitative observations, and how each type of
observation can be applied during one investigation.

To determine the effect of water and salt solutions
on the length and texture of a gummi bear over time

MATERIALS

= three gummi bears

Ben Irwin © 2017

= three 50mL beakers

= distilled water

= salt
" teaspoon
= ruler

FIGURE 3.2.13 Doing a simple test using gummi bears can
METHOD easily demonstrate the difference between qualitative and
quantitative observations.

T Measure the size of three gummi bears using
a ruler and record this in the results table.

Feel the texture of the gummi bears and write a description in the results table.
Label the beakers: water, salt + water, and no water.

Place one gummi bear in each 50 mL beaker.

Fill two beakers with 25 mL of distilled water.

Add one teaspoon of salt to the beaker labelled 'salt + water’

Leave the beakers in the same environment for 3 days.

O N 68 01 N W DN

Record the size and texture of each gummi bear in the results table.

Copy and complete the table below.

WATER SALT + WATER NO WATER

Before After Before After Before After

Length (cm)

Texture

DISCUSSION

T Which observation was:

a qualitative?

b quantitative?
2 Which type of data was easier to observe and record? Justify your answer.
3 What s the purpose of having a beaker with no water?

EXTENSION

Conduct further research to explain your results.
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SECTION
REVIEW

REMEMBERING
1 State the limitation of qualitative data.

2 Define radiometric dating as a form of quantitative observation.

UNDERSTANDING
3 Explain how you can qualitatively and quantitatively describe the pH values of acids and bases.

4 Describe the importance of obtaining quantitative data from cells diagrams.

APPLYING
5 Describe an example where it would be more appropriate to use:
a quantitative observation to collect data.
b qualitative observation to collect data.
6 Determine the accuracy of quantitative and qualitative data.
7 Figure 3.2.14 shows three separate rock strata samples. Analyse the diagram and answer the following questions.
a lIdentify two quantitative observations from this diagram.
b Describe a qualitative observation from Outcrop ll.
¢ Which outcrop is the oldest? Justify your answer.

FIGURE 3.2.14
Outcrop Il Outcrop Il Three samples of rock
Surface — N _—~—— Surface T strata.
Outcrop |
Surface  —
A
B
C
D
E

8 Construct your own pH scale that includes the value, description, colour and an example of a substance at
each number on the scale.

@ Observations as evidence

In our daily lives, people form hypotheses and design investigations without even realising. For example, a L‘gf;tt?fz'ui .
person may observe that their skin breaks out in a rash every time they use a certain brand of sunscreen, tested through
they may then hypothesise that the sunscreen is causing the rash and they may then choose to use 2?2\%?;?58\28&:3
a different sunscreen brand in order to support or disprove their hypothesis. While the person in the question; states the
. . . relationship between
scenario may believe that they have determined the cause of the problem, the results are not deemed the independent and

accurate unless they have followed every step in the scientific method. dependent variables
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valid

extent to which a
report or investigation
contains accurate
data, inferences and
conclusions

reliable

extent to which an
observation and/or
measurement can be
repeated under the
same circumstances and
produce similar results

3.3.1
Observations
as evidence
research task

independent
variable

factor deliberately
changed during an
investigation to obtain
data

controlled variable
factor that is kept
constant during the
investigation

control

experimental set-up
where the independent
variable is not applied
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The role of a scientist is to collect scientific data. When most people visualise scientists at work, they
usually picture a clinical laboratory and a white coat. Although it is the most publicised form of scientific
work, lab testing is only one of many methods of scientific data collection. Scientists can also be found
collecting data in hospital settings, conducting surveys on the streets or over the telephone, building
models or digital simulations, diving the depths of the ocean or climbing metres from smouldering
volcanic lava.

Whether the data is being collected in a confined laboratory or the open ocean, the design of every
investigation must adhere to a specific subset of rules to ensure the data collected is valid, reliable and
accurate. The rules that underpin the scientific method are outlined in Figure 3.3.1.

FIGURE 3.3.1
Scientists must follow
the steps of scientific
method to ensure the
data collected can

be used for future
research.

Observations

Determine whether data

support or disprove hypotheses. Propose questions.
Determine how conclusions Perform background research.

fit in with other information.

4 v
Conclusions Hypotheses
4 \ 4

Check experimental results

for reproducibility. Select or develop models.

Design experiments to test
hypotheses.

Analyse data
and compare them
with predictions.

3

Controlled experiments <

Developing a research question based on an observation

Observations are the platform of every scientific investigation. In order for an observation to be
investigated, it must first be transformed into a specific research question. Making the question specific
allows you to identify your exact intentions and will make for a much easier design process. For example,
the classic question, ‘Why is the sky blue?’ is not a specific question. To make your question more specific,
you must think of what it really is that you are wanting to investigate; in this case, a better question would
be ‘How do wavelengths of light interact in different environments?

Identifying variables

Once a specific research question has been developed, you must consider the variables of your scientific
design.

In every primary scientific investigation, there should only be one independent variable; this is
the one factor that is deliberately being changed to see whether it has an effect on the result of the
investigation. Considering all other factors that may influence the result of the investigation is addressed
through controlled variables which are the factors that must be kept the same between the control and
the independent variable. By deliberately changing only one factor whilst keeping all others the same, the
scientist can determine whether what is being changed is in fact the cause of an effect.



Every primary scientific investigation must have a focus or dependent variable; this is based upon the dependent
initial observation. The dependent variable is the factor that is being measured to determine whether or ‘f’a"’c't'o'f t%l:aswe i
not what is being changed is producing the observed effect. the investigation

By clearly identifying and addressing the independent and controlled variables, you can determine
the most appropriate form of data collection. A scientific investigation can only be deemed valid if the
method of data collection is regulated, there is only one factor being changed, and all other factors are

considered and kept the same.

Variables in context

Variables can be put in perspective through reference
to the question, Does fertiliser increase root growth in
Gardenia jasminoides? Here, the independent variable
is the addition of fertiliser to one experimental
group and the control is the group with no fertiliser
added. Variables that must be controlled include the
environment both plants are left in, the amount of
soil and water added, the type and age of the plant,
the time each plant is left to grow, and the measuring
equipment and technique used to measure root
growth. Controlling all possible conditions will
therefore allow for the dependent variable, the length

Shutterstock.com/somchai rakin

of the roots, to be measured and a cause-and-effect FIGURE 3.3.2 Reliable results must show the

relationship to be determined. relationship between the independent and
dependent variable in many specimens.

Forming a hypothesis

Identifying the variables in a primary scientific investigation allows for a hypothesis to be devised. A
hypothesis is an educated guess based on the relationship between the independent variable and the
dependent variable in your investigation. The hypothesis forms the context of the investigation and
guides each step in your experiment. At the conclusion of your investigation, you analyse your data in
terms of your hypothesis by either supporting or disproving it.

Constructing a method

Following the formation of a hypothesis, a method must be constructed to test the claim. The method
must explicitly describe all aspects of the investigation. It must have only one independent variable with
all other variables remaining controlled, clearly state the dependent variable, outline the manner in
which the data is going to be collected and consider any potential risks.

Writing a valid method

The validity of a method is reliant on the way in which the variables are addressed. In order to investigate
the cause of an effect, you must have an independent variable: the one factor believed to be the cause.
For example, if you were investigating whether fertiliser improves root growth, then the fertiliser would
be the independent variable. To ensure the independent variable is the cause of an effect, the only change
in your experimental set-up is that the independent variable is applied to one group and the group
without the independent variable receives the exact same treatment. To do this, you must control all
other variables. In the example used above, a valid method must have two groups of the same plant, one
treated with fertiliser and the other without fertiliser. Then, both groups must receive the same amount
of water and sunlight, be kept in the same environment, be planted in the same amount and type of soil,
and be measured at the same time.

Similar to reading a recipe, a method must not leave anything up to the imagination. Each step in
the method must refer to the specific equipment being used and the action taking place. Just as you
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FIGURE 3.3.3 When
gathering data on
plant growth, it is
important to explicitly
state how growth will
be measured in your
method. Root growth
can be measured
according to the
number of roots,
their width and their
length.
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wouldn't write ‘bake in an oven’ when describing how to cook a cake, a method cannot simply
end with a statement along the lines of ‘record results. The method in which the results are being
collected is equally important to the experimental set-up and should thus be explicitly stated in the
method.

The way in which the results are collected relies upon the dependent variable, the variable that
is being measured in the investigation. Before writing the method, you must determine which
characteristics of your investigation will form the dependent variable. For example, if the specimen
shown in Figure 3.3.3 is what you wish to examine, you must determine whether your dependent
variable is the width of the roots, the mass of the roots, the number of roots or the length of the
longest root.

Assessing risks

No matter the importance of the phenomena being investigated, the health and safety of the
scientist remains the top priority. Unfortunately, the nature of scientific investigations often
means there is an element of risk involved. In order to reduce the degree of risk, it is important
that all possible hazards are considered and appropriate precautions are addressed in the
method. As shown in Figure 3.3.4, there are four main categories of risk, each with their own set
of hazards.

Burns

Chemical Inhaling

Chemical
poisoning

Swallowing

Cuts/

lacerations
Physical
Radiation
poisoning

Contamination
TYPES OF RISK mslp>

Biological
Exposure
to disease

L
Fl1 01 r1

Sunburn

Dehydration

Environmental

Trip hazards

Insect bite

Allergy

FIGURE 3.3.4 Categories of risk and their related hazards.



When planning primary scientific investigations, a risk assessment must be included at the beginning
of the method. It must list the risks involved in the investigation and describe what precautions will be
taken in order to reduce the likelihood of danger occurring. By doing so, scientists equip themselves with
all the necessary equipment required to overcome a problem if something doesn't go to plan. The format
in which the risk assessment should be constructed is shown in Table 3.3.1.

TABLE 3.3.1 Scaffold for risk assessment
|

ASSERslgaENT Burning eye from splashed acid Wear safety goggles

Cut from broken glass Place glassware in middle of table and stop work
immediately if glass breaks

While scientists pride themselves on their ability to design inves-
tigations and collect data, they are limited by technology, physical
space and time.

Analogue to digital technology

From watches to television, digital technology is no stranger in
our daily lives. Even in the classroom, it is now common practice

Science Photo Library/MARTYN F. CHILLMAID

to learn from digital presentations such as PowerPoint rather than
copy boards full of your teacher’s handwriting. Of course, the science

laboratory has not gone unscathed either. Digital thermometers FIGURE 3.3.5 A digital data Spc?erfblfl‘?éw e
and rulers, data loggers and scales are all instruments that have logger can provide accurate by a change in line of

o . . information on water pH, salinity, sight by the observer
transitioned from analogue to digital over time. temperature, dissolved oxygen gy

One reason for the shift to digital technology in terms of and turbidity.
scientific observations is the significant reduction in human error
when measuring, such as parallax. Without digital technology, the 3.3.1 CSIRO
accuracy of scientific observation is compromised and therefore ‘;‘éﬁ,ﬁ‘;?*;,yﬁ;‘;?c‘;”
the validity of the primary scientific investigation is weakened. 33.2 CSIRO
astronomy

Observing the universe
FIGURE 3.3.6
Our observable
universe is just
a fraction of the
hypothesised
universe.

For many years, there has
been contentious debate over
whether life exists elsewhere in
our own Solar System, not to
mention the universe. As shown
in Figure 3.3.6, the observable
universe is just a tiny fraction
of the entire universe. Limited
by the inability to travel faster
than the speed of light and the
dilemma of the continuous

.org/licenses/by-sa/3.0) via Wikimedia Commons

expansion of the universe,
scientists can only gather

By Andrew Z. Colvin (Own work) [CC BY-SA 3.0 (http://creativecommons

data on a small portion of the
cosmological world.
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Designing your own primary scientific investigation

An important part of Investigating Science is being able to develop your own primary scientific investigation
based on observations and given scenarios. Read the following information and answer the questions to
produce a valid investigation.

OBSERVATION

After initially using goat milk soap for its
organic properties, many people began to
observe that the soap was effectively clearing
their blemished skin.

HYPOTHETICAL SCENARIO

Executives from a particular goat milk soap
company received feedback on the soap’s
effectiveness at clearing skin blemishes and
proposed a new product design that featured
the claim, 'Goat milk soap is more effective at
removing skin blemishes than leading brands.
Your team of scientists have been asked to test

Shutterstock.com/Vladimir Gjorgi

FIGURE 3.3.7 Skin blemishes are a common problem for
many teenagers. This investigation evaluates the effectiveness

this claim before the new product design can be of two methods to reduce the appearance of skin blemishes.
confirmed.

AIM
To determine whether goat milk soap is more effective at removing skin blemishes than leading skincare
brands

VARIABLES

In this investigation, you must only change one factor and keep all other factors the same. You must decide on
the dependent variable; there are many ways to collect data so you will need to ensure that your method of
data collection is aligned with the equipment available to you.

Identify the independent, dependent and controlled variables.

HYPOTHESIS

Develop a hypothesis that states the relationship between the independent and dependent variables.

RISK ASSESSMENT

Copy and complete the table below to assess two risks involved in this primary scientific investigation.

!
RISK
ASSESSMENT

The method must be valid and aim to collect reliable data in an accurate manner. It must explicitly describe the
type of data collection, test your hypothesis and consider each of the variables.

What type of data collection will you be using to inform your results? Justify your answer.
Construct a valid and reliable method.
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Usually, tables and graphs are used to depict experimental results.

Construct a table that identifies the independent and dependent variables and includes units of
measurement shown in the title and subheadings.

DISCUSSION AND CONCLUSION

No primary scientific investigation is perfect. Of equal importance to the scientific design is the ability to reflect
on any problems that may have been encountered and propose ways in which the investigation could be
improved in the future.

Describe a problem with this investigation that may reduce the validity of your results.

Devise a way in which this problem could be overcome in future investigations.

SECTION
REMEMBERING REVIEW

1 Define:

a 'dependent variable!

b 'independent variable'

¢ 'controlled variable.
2 State the purpose of a risk assessment.
3 Identify three environmental hazards.

UNDERSTANDING

4 Restate the four main steps in designing a primary investigation.

5 Explain how to write a hypothesis.

6 Use two examples to discuss the benefits and limitations of
observational tools.

APPLYING

7 Demonstrate the importance of controlled variables in a primary
investigation.

8 In order for data to be used in the future, it must be valid. Discuss
how to collect valid data that can be used for further investigation.

9 Figure 3.3.8 shows an experimental set-up to test the hypothesis,
‘Fertiliser increases flower growth’ Using the image only, justify
why the results from this investigation will not be valid.

FIGURE 3.3.8 Experimental set-up: Fertiliser increases flower
growth.

@ Observing, collecting and recording

The purpose of a primary scientific investigation is to analyse the data collected and determine whether
there is a possible cause-and-effect relationship present. However, when trying to interpret the results
of an investigation, the sheer volume of text in many journal articles can be overwhelming and, at
times, confusing. For this reason, data is represented in a number of different forms in order to clearly
demonstrate the strength of the cause-and-effect relationship.
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Tabulating information is often the most efficient way to record data, particularly quantitative data.
Tables provide an organised and systematic method of recording values that allow scientists to easily
compare results between the experimental pressures.

While constructing a table may appear simple at first, it can be difficult to determine the appropriate
format relating to your investigation. The purpose of a table is to allow peers to review the results of an
investigation without having to decode scientific jargon or long, detailed sentences. The table must have
a heading that summarises all the information contained within it. Figures 2.18.1 and 2.18.2 in Chapter 2
(page 33) illustrate useful scaffolds which can assist in formulating a table that presents qualitative and
quantitative data, respectively.

Once information has been tabulated, it can then be used to generate a graph. Graphs are used by
scientists to visually represent data from the primary scientific investigation and observe possible cause-
and-effect relationships.

As shown in Table 3.4.1 and Figures 3.4.1-4, different types of graphs are used depending on the type
of data collected in the primary scientific investigation. In most cases where the graph has axes, the
independent variable is expressed along the horizontal x axis and the dependent variable on the vertical
y axis.

TABLE 3.4.1 Types of graphs used to depict scientific data and their purpose

GRAPHTYPE DATA TYPE PURPOSE

Line graph Numerical data on both axes To show changes that occur over time or
distance

Scatter plot Same as above To show how one variable is affected by the
other

Column graph | Categorical data against a numerical value To show values of categorical data

Pie graph Percentages To show proportional data such as responses
from a survey

Line graph
Line graphs are constructed to show a relationship between two variables where one is usually time or
distance.

Examining trends in line graphs

After constructing a line graph that depicts a relationship between the independent and dependent
trend variables, scientists often note a trend in the data. A trend is a pattern or direction that shows how the
general pattern dependent variable is affected as the independent variable is changed. Trends are used to inform further

investigations by stimulating scientists to devise further hypotheses as to why the pattern exists.
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Annual mean rainfall for Australia
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FIGURE 3.4.1 Aline graph depicts a cause-and-effect relationship and is often used when the independent variable is time or distance.

Scatter plot

Scatter plots are used to determine whether there is a general cause-and-effect relationship between the
independent and dependent variables.

Hours of homework completed online versus test score
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FIGURE 3.4.2 Scatter plots are used to show whether a relationship exists between the dependent and independent variable.

Line of best fit

If a relationship is found to exist in a scatter plot, a line of best fit may be drawn to make predictions. The
line of best fit is a line drawn by the scientist to represent the general trend of the data on the scatter plot;
it can be straight or curved.
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Column graph

Column graphs depict changes in numerical data according to different categories. They are commonly
used to show population numbers in different locations or differences in participant responses in surveys.

FIGURE 3.4.3
Column graphs Population of Australian States
plot numerical data and Territories (2016)

against a category. 0]

8
74
6
5 |
4
34
24

Population (millions)

OA
QLD NSW ACT WvIC TAS SA WA NT
State/Territory

Data: Australian Bureau of Statistics, 2016. Australian Demographic
Statistics, Dec 2016, http://www.abs.gov.au/ausstats/abs@.nsf/

mFf/3101.0

Pie graphs
Pie graphs are most commonly used to depict data that has been gathered through scientific investigations
that include surveying, such as the Census and the National Health Survey.

FIGURE 3.4.4 Pie

graphs often show Percentage of Australians living
percentage data. in each State and Territory
Northern Territory

1%

Western
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\
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Data: Australian Bureau of Statistics, 2016. Australian Demographic

Statistics, Dec 2016, http://www.abs.gov.au/ausstats/abs@.nsf/

mFf/3101.0
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Australian Capital Territory
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62 MODULE ONE » CAUSE AND EFFECT — OBSERVING 9780170411196




Visual representations

Visual representations refer to any stimulus that converts the
data gathered into a diagrammatic form. Graphs are an example
of a visual representation; however, digital images and drawings
can also be used. 3.4.1 Australian

Museum: The

In the biological sciences, the results of an investigation are ‘
Scott sisters

often related to observing specimens and are drawn straight
from a microscope or in the field. The art of scientific drawing
follows a unique set of rules. Figure 3.4.5 shows how the use of
stippling highlights features of the specimen and allows scientists

Alamy Stock Photo/bilwissedition Ltd. & Co. KG

stippling

technique used in
scientific drawing to
show detail and shading
using small dots

to illustrate the most intricate details. Visual representations of
this nature are used to show comparisons between different
species or to depict the results of an investigation where
members of the same population have changed in response to a

manipulated environment.

FIGURE 3.4.5 Scientific drawing is
used to visually represent results

Digital representations of aninvestigation.

Similar to a visual representation, the purpose of a digital representation is to transform the data collected
into an alternative source that summarises the findings and increases accessibility for a wider audience.

The most common sources of digital representations are simulations and models. Digital simulations
and models can demonstrate complex scientific processes that are difficult to explain using text or
verbal explanations alone. From gravity and orbits to isotopes and atomic mass, there are many websites

dedicated to presenting digital explanations of scientific concepts across the disciplines of science.

SECTION
REVIEW

REMEMBERING
1 Name four conventions used to analyse scientific data.
2 State the type of data represented in a:

a line graph.

b scatter plot.

Newspix/Craig Greenhill

¢ column graph.
d piechart.
3 Identify an example of a digital representation.

UNDERSTANDING

4 Explain why data from primary investigations are presented
diagrammatically.

5 Compare methods of tabulation when collecting quantitative and
qualitative data.

6 Explain why it is important to have an average column when FIGURE 3.4.6 Surflifesaving
tabulating quantitative data. drone with flotation device.
APPLYING

7 A group of engineers are designing an upgraded drone to assist surf lifesavers patrol beaches and
provide struggling swimmers with life-supporting flotation devices. The new drone is being designed
to carry more than 3kg (the carrying capacity of previous drones used on New South Wales beaches).
They are planning an investigation to determine how much extra weight (to the nearest kilogram) their
new drone design will be able to carry while flying at a height of 20m. Draw a table designed to collect
results for this investigation. @
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@ 8 Examine the graph shown in Figure 3.4.7 depicting the population of a predator (blue) and prey
(orange). Describe the trend in the line graph and propose reasons for the trend.

FIGURE 3.4.7 4
Line graph depicting 140 +
a predator—prey =
relationship. © 120 A
S
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Year

Data from Elton C, Nicholson M. 1942. The ten-year cycle in numbers of the lynx in Canada. Journal of Animal Ecology
11: 215244,

9 Justify the use of stippling when drawing a visual representation of a biological specimen.

Conclusions promote further
investigation

The purpose of any scientific investigation is to gather data that either disproves or supports a hypothesis.
From this, a scientist makes a conclusion as to how their investigation addressed a cause-and-effect
relationship. A conclusion is usually two or more sentences that sums up the findings of the investigation
and can be used by scientists in the future to conduct further research.

With thousands of new observations made by scientists across the world every day, the relevance of
scientific thought constantly relies on the collaborative observations of many scientists over time. As
hypotheses are tested and published, their acceptance may be challenged by societal norms or can lead
to new observations from more advanced technologies, and, consequently, new conclusions.

Societal norms

The prevailing societal norms can influence whether new scientific research and developments will be
accepted or not when they are first released. Following the publication of Darwin's On the Origin of Species,
the Huxley-Wilberforce debate is an example of social norms conflicting with exceptional scientific
observations. Known as ‘Darwins bulldog’, Thomas Huxley famously fought the theory of evolution by
natural selection with Oxford University’s Bishop Samuel Wilberforce, in front of an audience of 700 at

64 MODULE ONE » CAUSE AND EFFECT — OBSERVING 9780170411196




the annual meeting of the British Association for the
Advancement of Science. The debate took place in
1860, in the Victorian era; a time where scientific
thought began to challenge traditional values.

Technological innovations

Associated with almost every new scientific devel-
opment is an advance in technology that allows a  [# WS B
concept to be analysed at a more complex level. WERAR N W

Although improvements in scientific equipment \ B } A
will progress the complexity of scientific understanding, FIGURE 3.5.1 The Huxley-Wilberforce debate was
there are less obvious advances in technology that have a product of scientific observations challenging
had a profound influence over the direction of scientific societal norms.
research. For example, the relatively recent introduction
of the Internet has substantially increased the availability of journal articles and scientific research. Work
that was previously only accessible by established members of the scientific community could now be
accessed and scrutinised by the public.

As environmental factors have changed and continue to change over hundreds of years, the scientific
understanding of biological relationships and environmental interactions has depended on the
collaborative study of scientists to draw final conclusions from the data.

With human life expectancy averaging around 70 years, it is impossible for one biologist to observe
changes to species and populations over centuries. Biologists may also require the expertise of scientists
in other areas of study to confirm their hypotheses. For example, a biologist may observe variations in
the phenotype of a species and propose how they may have looked in past environments, and then rely on
archaeologists and geologists to confirm the hypothesis.

LY "-\

A

Shutterstock.com/DummyAcksText

Eohippus  Oligohippus Merychippus Pliohippus Modern horse

FIGURE 3.5.2 Our understanding of how species have changed over time has relied on the cumulative observations of
scientists across many areas of study.

The theory of evolution by natural selection

Commonly referred to as ‘Darwins theory’, the acceptance and publication of the theory of evolution
by natural selection was actually the product of observations made by many individuals across the
disciplines of science and other areas of study. It was only after Alfred Wallace,
a fellow biologist, sent observations made in the Malay Archipelago to Darwin
that the two realised they had devised theories very similar to one another. Both

© Look and Learn/C L Doughty

phenotype
observable
characteristic that
results from the
interaction between
genetics and the
environment

Theory of evolution by natural selection:
the idea that individuals best suited to

Darwin and Wallace drew upon the research of palaeontologists, geologists and
embryologists whose observations helped in the formulation of the now widely
accepted theory.

KEY THEORY

their environment will survive and pass
on the favourable trait to their offspring.
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trait

physical or chemical
characteristic that is
genetically determined

gene
sequence of DNA that
is considered the unit
of heredity, as it is
transferred to the next

As mentioned previously, even following decades of
observations and research by many great scientists, the
theory of evolution by natural selection was not well
received due to the Christian belief of creation underpinning
society at the time. It wasn't until many months after the
publication that Huxley began rallying support for the
controversial theory. Today, scientists continue to collect
evidence for the theory and assess conclusions based on
primary data collected in the field.

Observe the people around you. What is their hair colour?
Is it curly or straight? Are their ear lobes attached? Can they
roll their tongue into a U-shape? When they clasp their
hands, is the left or right thumb on top? These are just some
of the traits we now know as being heritable characteristics;
that is, they are passed down from our parents. Our current
knowledge of genes and heritability is the product of
collaboration between many scientists. Perhaps the most
meticulous scientific observer renowned for developing the

FIGURE 3.5.3 Mendel formulated the
principles of heredity genetics from
observing pea plants in his monastery
garden.

Getty Images/Time Life Pictures

generation
field of genetics was the Austrian monk, Gregor Mendel.

Mendelian genetics

Often referred to as the ‘father of genetics’, Mendel
developed the laws of genetic inheritance that would
later explain the cause for variation in all living things.
Experimenting on thousands of pea plants over
8 years (1856-63), Gregor Mendel's aim was to study the
inheritance of seven pairs of contrasting characteristics:
plant height, pea colour, pea shape, position of flower,
flower colour, pod shape and pod colour. He did this
by painstakingly hand-pollinating two pea plants
(Figure 3.54) with contrasting characteristics and
observing the resultant offspring. From his recorded
observations, Mendel formulated the basis of genetics

Alamy Stock Photo/Edward Parker

3.5.1 How
Mendel’s pea
plants helped
us understand
genetics

3.5.2 Gallery for
genetics genius

FIGURE 3.5.4 Mendel hand-pollinated every pea
plant by taking the anther (male organ) of one
pea plant and dusting it onto the stigma (female
organ) of another plant that had its anthers
removed.

as we know it. His simple observations provided evidence that there is a pair of characteristics for each
trait: one from each parent. He also formulated the idea that some traits are dominant while others are
recessive, providing an explanation to human heredity factors such as blood type, and hair and eye colour.

Our understanding of genetics today is not a product of Mendel's work alone but rather a collective
effort made by many scientists of varying expertise who continue to theorise and design investigations
based on Mendels basic heredity principles.

atom Chemistry is the backbone of science. Without understanding atoms, their properties, and how they

:?g:n;:eﬁgeaikmvéord relate to one another, we would not have the knowledge required to make scientifically informed

cannot be divided hypotheses about the phenomena we observe every day.
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Periodic table of the elements

The scientist most commonly associated with the periodic table is Dmitri Mendeleev. Indeed, Mendeleev
organised and published the first version of the periodic table, but he does not deserve all the credit for
the modern table we refer to on a daily basis.
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2 _—
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The first attempt to group atoms according to their properties was completed by Antoine
Lavoisier in 1789, who classified known atoms into gases, metals, non-metals and earths. Several
other scientists also researched the atomic mass of the elements, which were then collated and
presented at a scientific conference in Karlsruhe, Germany in 1860. Following the publication of
this list, Mendeleev tabulated the information and devised the table that somewhat resembles the
modern table we use today.

The periodic table of elements is now a scientific staple used across many areas of study. It is used
to predict chemical reactions, determine which elements can be used as a conductor or insulator of
electricity and to compare DNA structures between organisms.

Physical science is a broad term used to describe the branches of science related to the inorganic world
such as physics, astronomy, inorganic chemistry and earth science. As our knowledge in these areas
continues to develop, we rely on observations made by scientists many centuries ago and compare them
with modern observations and new conclusions.

Heliocentric model of the Solar System

Our understanding of the Solar System and how the planets, moons and Sun interact is fundamental
to our understanding of weather systems, tides, seasons and even the possibility of extraterrestrial life.
Before the current model was confirmed, there was significant conflict as to how the planets and Sun
were arranged.

The first recognised theory of how Earth interacted with other planets, stars and the Sun was devised
more than 2000 years ago by a Greek mathematician. Ptolemy’s model was known as the geocentric
or ‘Earth-centred’ model, and was based on mathematical principles such as Pythagoras’” theorem and
‘spherical trigonometry’. At the time of this model there was a strong belief that Earth was superior to
other planets which may have influenced his hypothesis that the Earth was at the centre of the entire

FIGURE 3.5.5

The first periodic
table: Mendeleev’s
organisation of
elements according
to atomic mass.

This periodic table

is different to the
table you have most
probably colour-
coded and stuck into
your science book
some time within the
last 5 years, but the
general organisation
is apparent.

element

substance that cannot
be separated into
smaller substances by
chemical means
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Pangaea

from the Greek ‘pan’
meaning all and
‘gaea’ meaning Earth;
therefore, ‘all of the
Earth’

Solar System. Ptolemy’s geocentric model of the Solar System was accepted and remained the dominant
theory for over 1400 years. Remnants of his theory still pertain in our current vocabulary such as the
phrases ‘sunrise’ and ‘sunset’ which suggest that the Sun is moving around the Earth; however, we now
know that this is not the case.

During the ‘scientific revolution’ that occurred in the 16th and 17th centuries, many theories that
attempted to explain everyday observations were put under scrutiny. Refuting Ptolemy’s theory at
this time was Polish mathematician and astronomer, Copernicus, who proposed the Sun as being a
stationary body at the centre of the Solar System. Now referred to as the heliocentric or ‘Sun-centred’
model, Copernicus challenged the assumption that the Earth was the centre of the universe. Based on
his observations of planetary movement over many years, Copernicus’ theory attempted to resolve some
mathematical inconsistencies that arose from Ptolemy’s assumption that Earth was stationary and all
planets moved on a spherical orbit around it.

FIGURE 3.5.6
Previous and current
models of the Solar
System

Planets

Geocentric Theory Heliocentric Theory

The current understanding of the Solar System is built upon the heliocentric model which, in turn,
was based on elements of the geocentric model. The geocentric model would not have been devised
had Aristotle not observed that the Earth is spherical rather than flat. Therefore, in order to build our
scientific knowledge, it is imperative that theories continue to be reviewed, new observations made and
new conclusions reached.

Earthand environmental scienceis afield of study that examines changes tolandforms and environmental
conditions over time. The nature of this area of science relies on the collection of data over decades. While
scientists in the past have been known to work on one theory over such a time period, current economic
pressures and the availability of research grants rarely allow for such an occurrence now. Consequently,
modern scientists rely on collaborative collection of data that builds upon the observations and
hypotheses proposed by previous scientists.

Plate tectonics

In 1912, Alfred Wegener put forward his continental drift theory. Wegener’s theory suggested that
all of the continents were once joined together into one giant landmass called Pangaea and that the
continents somehow separated and drifted across the oceans. Wegener's theory was based on two pieces
of evidence: the observation that the continents fit together like a jigsaw, and the collection of similar
prehistoric plant and animal fossils from continents a considerable distance apart.
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100 million years ago Earth today

FIGURE 3.5.7 Wegener's theory of continental drift proposed that the continents moved away from each other over time but
did not describe how this happened.

During Wegener's time, there was no way of measuring whether continents could move or not. In
1945, sonar technology was used to survey the depth of the ocean floor. Scientists found that there were
many underwater ‘mountain ranges’ called mid-ocean ridges. Harry Hess proposed some 20 years later
that the mid-ocean ridges were caused by hot magma rising from the mantle and forming a new rocky
crust. As shown in Figure 3.5.8, this new rocky crust pushed the old crust outwards which caused the
seafloor to spread. Hess theory of seafloor spreading was the first model to explain Wegener's theory that
continents could drift away from each other. Hess explanation for continental drift was again supported

with evidence gathered by successive scientists such as sediment thickness and rock age around Stelgji?Went "
. . Solld fragmentel
mid-ocean ridges. material that is

transported and
deposited by water, ice
or wind, forming layers
on the Earth’s surface

FIGURE 3.5.8 Hess proposed seafloor spreading as the cause of continental drift.

9780170411196 CHAPTER 3 » CAUSE AND EFFECT - OBSERVING 69



Without Wegener, Hess and other scientists involved in the collection of evidence to support plate
tectonic theory, we could not have attained the comprehensive knowledge that explains the distribution
of continents over the Earths crust. This is a clear example of where previous conclusions, in this
case from Wegener's work, prompted further observations, the collection of data and developed new
understandings of the movement of plates over time.

INQUIRING

FURTHER
Contemporary scientists rely on observation and collaboration as an important part of their research. Conduct a
secondary source investigation into one of the following areas of research being conducted in Australia today and

discuss the importance of observation and collaboration. Present your research as a three to five-minute audiovisual
presentation.

Professor Paulo De Sousa, University of Tasmania — The Mars exploration rovers project
Professor Greg Woods — Devil facial tumour disease

Dr Beth Fulton, CSIRO - Strategic modelling of Australia’s fisheries

Dr Brad Tucker, ANU - The skymapper supernova survey

Professor Neal Menzies, University of Queensland - Soil fertility

SECTION
REVIEW REMEMBERING
1 Define‘conclusion.
2 Name two factors that influence the acceptance of scientific conclusions.

3 Identify three examples of where the periodic table has been used in scientific research.

UNDERSTANDING

4 Explain how collaboration between scientists was influential in the development of the theory of
evolution by natural selection.

5 Name three scientists who contributed to the development of heliocentricity and describe their
input.

6 Describe how Hess used Wegener's conclusions to support the theory of plate tectonics.

APPLYING

7 Relate modern society to the acceptance of scientific thought.

8 Relate the primary data collected from your practical investigation to investigations conducted by
other scientists.

9  With reference to two examples, assess the importance of using conclusions to support further
investigation.
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CHAPTER REVIEW QUESTIONS

REMEMBERING

1 Create a glossary of all of the terms listed in this chapter.
2 List the quantitative and qualitative observations that can be made when watching a candle burn.

3 Identify an example where combining qualitative and quantitative data can improve scientific accuracy.

UNDERSTANDING

4 Outline one way that Aboriginal and Torres Strait Islander peoples use observation to manage their
natural environment.

APPLYING

5 Examine a slide of your choice under a light microscope. Draw a diagram of your observation that
includes both qualitative and quantitative data.

ANALYSING
6 The Bernoulli effect describes the phenomenon where fluid can move at a faster speed when there is

less pressure. Design a practical investigation that aims to collect quantitative and qualitative data on the
Bernoulli effect.

EVALUATING

7 Astudent is overheard saying that quantitative data is more scientifically accurate than qualitative data. Is
this an accurate statement? Justify your answer.

8 Evaluate the influence of Mendel's findings on our current understanding of genetics.

CREATING

9 Create a visual representation of a biological specimen viewed under a stereo (dissecting) microscope.
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BIOLOGY

3.6.1 Secondary
investigation
scaffol

3.6.1 Australian
Museum Lizard
Island Research
Station

3.6.2 Great Barrier
Reef Foundation

3.6.3 Managing
the reef

3.6.4 Science
and the Great
Barrier Reef

3.6.5 Coral
bleaching risk
indicators and
Summer sea water
temperatures for
the Great Barrier
Reef

INVESTIGATING CORAL BLEACHING ON THE
GREAT BARRIER REEF

Suggested length: 14 hours including research and generation of graphs and tables for
presentation

Focus: Secondary-sourced investigation and presentation

SECONDARY-SOURCED INVESTIGATION SCAFFOLD

Syllabus outcome
Identify the syllabus outcome you will be investigating and write a summary of the outcome.
Syllabus statement: Analysing primary data through tabulation, graphing and visual/digital representations

Aim
Write the aim as a sentence. Start the sentence with ‘To’ followed by a verb; for example, ‘investigate, ‘measure’
or ‘test.

Secondary sources

List all of the sources that you are using in your investigation and cite them using the correct citation protocols.
Suggested source:

= Australian Institute of Marine Science

Investigation design
Outline how you are designing the final presentation (refer to Chapter 2 for further information).

Method
The method is written as numbered steps. Each sentence must start with a verb.

Results

The results may be recorded in tables, graphs or diagrams, or written as observations in sentence form.

Validity and reliability

Remember that validity is related to ensuring that the sources come from educational, government, university
or scientific web pages, journals and textbooks. Reliability is associated with finding similar explanations of the
concepts across many sources.

Discussion and conclusion
In the discussion and conclusion, analyse your findings to answer your hypothesis, aim and inquiry question/s.
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HOW CHEMICAL TESTING HAS HELPED
SOLVE CRIMES

Suggested length: 12 hours including research and writing

Focus: Secondary-sourced investigation: Essay

SECONDARY-SOURCED INVESTIGATION SCAFFOLD

Syllabus outcome

3.7.1 Secondary
investigation

Syllabus statement: Investigating how observation and experimentation explain cause and effect in historical scaffol
examples

|dentify the syllabus outcome you will be investigating and write a summary of the outcome.

Aim
Write the aim as a sentence. Start the sentence with ‘To’ followed by a verb; for example, ‘investigate’, ‘measure’
or ‘test.

Secondary sources
List all of the sources that you are using in your investigation and cite them using the correct citation protocols.

Suggested sources: 3.7.1 National

. . . Institute
= National Institute of Justice of Justice:

Forensics

= Crime Scene Investigator Edu . I
3.7.2 The Rea
Csl

= Explore Forensics

Investigation design gé.r?eCnme
Investigations

Outline how you are designing the final presentation (refer to Chapter 2 for further information). Make sure you and forensic

include the following (if applicable): laboratory
iables (independent, dependent and controlled) e
]
Variables (independent, dependent and controlle 3.7.4 Explore
= Treatments / control forensics
3.7.5 Solving
Method cold cases
. . . with DNA: The
The method is written as numbered steps. Each sentence must start with a verb. Boston strangler
case
Results 3.7.6 Fo}t“ensic
The results may be recorded in tables, graphs or diagrams, or written as observations in sentence form. ﬁj?jero‘f

Leanne Tiernan
Validity and reliability

Remember that validity is related to ensuring that the sources come from educational, government, university

or scientific web pages, journals and textbooks. Reliability is associated with finding similar explanations of the

concepts across many sources.

Discussion and conclusion
In the discussion and conclusion, analyse your findings to answer your hypothesis, aim and inquiry question/s.
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3.8.1 Primary
investigation
scaffol

3.8.1 Swinging
pendulum

3.8.2 Kinematics
3.8.3 Pendulums
3.8.4 Acceleration

HOW DOES THE MASS OF A PENDULUM AFFECT
ITS ACCELERATION TO THE EQUILIBRIUM
POSITION?

Suggested length: 10 hours

Focus: Primary scientific investigation

PRIMARY SCIENTIFIC INVESTIGATION SCAFFOLD

In the discussion and conclusion, analyse your findings to answer your hypothesis, aim and inquiry
question/s.

Syllabus outcome
Identify the syllabus outcome you will be investigating and write a summary of the outcome.
Syllabus statement: Investigating the role of variables in a primary scientific investigation

Aim
Write the aim as a sentence. Start the sentence with ‘To’ followed by a verb; for example, ‘investigate, ‘measure’
or ‘test’

Investigation design

Outline how you are designing the final presentation (refer to Chapter 2 for further information). Make sure you
include the following (if applicable):

= Variables (independent, dependent and controlled)
= Treatments / control

Hypothesis (if applicable)

A hypothesis is an educated (informed) guess that is tested through investigation to explain and reach answers
to scientific questions.

Secondary sources

List all of the sources that you are using in your investigation and cite them using the correct citation protocols.
Suggested sources:

= Teach Engineering

= The Physics Classroom

Method
The method is written as numbered steps. Each sentence must start with a verb.

Results

The results may be recorded in tables, graphs or diagrams, or written as observations in sentence form.

Validity and reliability

Remember that validity is related to the method and equipment used to perform your experiments, whereas
reliability is associated with the repetition of the experiment obtaining similar results with minimal error.

Discussion and conclusion
In the discussion and conclusion, analyse your findings to answer your hypothesis, aim and inquiry question/s.
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DEPTH
HOW ARE OBSERVATIONS USED BY STUDY

ABORIGINAL AND TORRES STRAIT ISLANDER
PEOPLES TO MANAGE THE LOCAL AREA
SUSTAINABLY?

12 hours

Secondary-sourced investigation

SECONDARY-SOURCED INVESTIGATION SCAFFOLD

Syllabus outcome
3.9.1 Secondary

Identify the syllabus outcome you will be investigating and write a summary of the outcome. investigation

Syllabus statement: Investigating observations that informed land management by Aboriginal and Torres Strait scaffol
Islander peoples
Aim
Write the aim as a sentence. Start the sentence with ‘To’ followed by a verb; for example, ‘investigate’, ‘measure’
or 'test’
Secondary sources
List all of the sources that you are using in your investigation and cite them using the correct citation protocols.
Suggested sources: 3.9.1 ilr;idigenc::ius
nowledge an
= CSIRO environmental
. . land
= Creative Spirits management
= Rosemary Hill, Petina Pert, Jocelyn Davies, Catherine Robinson, Fiona Walsh, Fay Falco-Mammone. (2016). 3.9.2 Biological
Indigenous land management in Australia: Extent, scope, diversity, barriers and success factors. Cairns: CSIRO. diversity
3.9.3 Indigenous
Investigation design perspective on

sustainability

Outline how you are designing the final presentation (refer to Chapter 2 for further information). 3.9.4 Aboriginal

Heritage
Method
. . ) 3.9.5 Aboriginal
The method is written as numbered steps. Each sentence must start with a verb. land care
Results

The results may be recorded in tables, graphs or diagrams, or written as observations in sentence form.

Validity and reliability

Remember that validity is related to ensuring that the sources come from educational, government, university
or scientific web pages, journals and textbooks. Reliability is associated with finding similar explanations of the
concepts across many sources.

Discussion and conclusion
In the discussion and conclusion, analyse your findings to answer your hypothesis, aim and inquiry question/s.

9780170411196 DEPTH STUDY 75§



MODULE 2 CAUSE AND
EFFECT — INFERENCES AND
GENERALISATIONS

A scientific inquiry is commenced when a person makes an inference about an observation that is based on
their current understanding. From this point scientists create hypotheses and conduct experiments to test
the accuracy of their understanding. This process has led to generalisations that can be applied to the wider
world, and has driven advances in scientific understanding and the development of new technologies.

Scientific inferences and generalisations do not operate in isolation. A scientist’s personal experience and
that of others can influence and advance knowledge in a wide range of disciplines.

» What can be inferred from observations?

« Can secondary sources be useful in scientific investigations?

» How do humans recognise patterns in data?

« What assumptions and generalisations can be made from data?

(V2]
=z
=
=
(%]
w
=)
=)
>
=
=)
=)
=

» Why should assumptions and generalisations made from data be tested?
«  What part do peers have in a scientific investigation?

E Students investigate:
§ « observations and inferences « developing inquiry questions
« using secondary-sourced data « generalisations in science
« observing patterns »  peer review
@ A student:
5
%’ = develops and evaluates questions and hypotheses for scientific investigations INs11/12-1
o

« designs and evaluates investigations in order to obtain primary and secondary data and
information INs11/12-2

= selects and processes appropriate qualitative and quantitative data and information using a range
of appropriate media INS11/12-4

= examines the use of inferences and generalisations in scientific investigations INS11-9

Investigating Science Stage 6 Syllabus © NSW Education Standards Authority for and on behalf of the Crown in right of the State of New South Wales, 2017
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assumption

idea in the form of

an inference that was
established in the past
and is used to inform
another inference

inference
conclusion that is
rationally and logically
made based on
observations and
available information

scientific process
systematic process
whereby questions
are answered and
hypotheses tested to
generate empirical
evidence

generalisation

idea or conclusion that
can be applied more
broadly to related
phenomena

4.1.1 Preconceived
assumptions: A
time lapse of a
forest during a
growing season

@ Observations and inferences

When people observe something happen that is novel
or unique it often captures their interest; they become
curious as to why it happened and begin to think about
possible causes for the effect observed. For example,
when an audience watches a magic show they respond
to the illusions in a number of ways depending on their
personal experiences. This is because each individual’s
past experiences leads them to make assumptions about
how the world works. In the magic show example, nearly
everyone would assume that objects fall when they have
no support due to years of experience with objects doing

FIGURE 4.1.1 Past experience with objects that
fall without support would lead most people to
infer that there is a hidden means of supporting
the woman in this illusion.

just that, yet the magicians illusion causes the audience
to become amazed because objects appear to do just the
opposite. From this apparent contradiction the audience
will begin to make a number of inferences about the trick
they have observed. They can infer that there must be some kind of support or wires holding the woman
up, which aligns with their past experience, or they can infer that the magician really can defy gravity.

The process of inferring possible explanations for observed phenomena is an integral part of the
scientific process. Inferences are made based on past experiences, assumptions, available evidence
and collective understanding about how the world works. An inference can be tested by developing
hypotheses and the scientific process can be used to eliminate potential sources of error. Following these
steps, a generalisation about the phenomena can be developed. In this way generalisations help people to
negotiate and understand the world they live in.

An observation, in its purest form, is simply data that has no inherent meaning. However, all humans
have a tendency to subconsciously view all new observations within the context of past experience,
preconceived assumptions, available evidence and the collective understanding of those around us.
This reasoning is used to make judgements about what is being observed. This in turn helps to make
inferences about cause and effect, predict patterns, find trends in data and determine how things can be
classified (Figure 4.1.2).

Past experience

All humans have past experiences that shape the way they interpret the world. For example, many
people that experience arachnophobia have had a frightening experience with spiders in their youth,
while other people that did not have the same frightening experience may react calmly to spiders. These
differing past experiences can lead to people interpreting the presence of a spider in different ways.

Preconceived assumptions

We all have preconceived assumptions about what has happened and why. These assumptions often
come in the form of inferences that have never been tested in the past and are used to inform another
inference. A common preconceived assumption in young children is that lighter objects will fall more slowly
than heavier objects. They often do not take into account air resistance as opposing gravitational force.
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It is not until this assumption is tested with objects of similar shape and size but
with a different mass that this assumption is abandoned.

People sometimes think that lighter objects fall

Available evidence

The observations people make dont always enable them to gather all the
available evidence. This may be due to a number of reasons; however, it generally
includes issues of time, scale and available technology. For example, a plant
that is observed for an hour will not appear to move or respond to a stimulus.
However, if the same plant is observed over a week using time lapse photography,
the ability of the plant to move and respond becomes readily apparent.

Collective understanding

The stories, experiences and knowledge of other people have the ability to influence the way we think
about the things we observe. Humans are social animals, and the opinions and thoughts of others have
the capacity to influence our reasoning. When we go to school, we learn about the discoveries of scientists
like Charles Darwin and use his theory of evolution via natural selection to explain how modern birds
descended from dinosaurs.

FIGURE 4.1.2 To
make an informed
inference scientists

Observation

take mto.account their Available )
observations as well C T essssesssesienns : DAt aas Past exper\ence

. . evidence g :
as logical reasoning. v v
Reasoning

Collective A A )

T msesesssssendd eecsessssssseens Assumpt\ons
understanding

Inference

The type of observations we make can be broadly classified into two types. Quantitative data refer to
observations that can measured; they are typically represented numerically and have standard units
(e.g. temperature or distance). Qualitative data describe something in its entirety and are observations
that may use words or images to categorise observations (e.g. mammals that can be identified as dogs).
Scientists use both types of observations to make inferences about the phenomena they observe.

INQUIRING
FURTHER

In the 1950s Solomon Asch developed a series of experiments to examine how others could influence the perceptions
of his participants. One experiment involved a participant among a group of actors. He asked the group to compare
and match the length of lines on a card. The actors all gave incorrect answers, and at first, the one ‘real’ participant gave
the correct answer. As time went on, the participant elected to change their responses to match those of the actors.

Research other experiments on conformity. What ethical considerations would need to be met to conduct a conformity
experiment today? What factor would influence the results? How can you check that the results are reliable?

more slowly than heavier objects. Can you think of a
situation that would create the false assumption that
lighter objects fall more slowly than heavy ones?
Design an investigation to test the assumption that
mass influences the velocity of a falling object.

mass
amount of matterin a
solid, liquid or gas

41.2A
palaeontologist
discusses the
relationshi
between birds
and dinosaurs

4.1.3 Bird-
like dinosaur
Velociraptor

4.1.4 Bird-like
dinosaur
Chirostenostes

quantitative data
numerical values
collected as evidence
during an investigation
(e.g. calculations,
measurements)

qualitative data
descriptive data
collected as

evidence during an
investigation (e.g
images, observational
sentences)

4.1.5 Asch
conformity
experiment
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INVESTIGATION

Collecting quantitative and qualitative data

Every experiment endeavours to collect data in one form or another. One of the major challenges for scientists
is to decide what data needs to be collected to effectively answer their question. Collecting the right type of
data will enable scientists to make and draw inferences with increasing validity.

To conduct a collaborative investigation that requires the collection of appropriate quantitative and/or
qualitative data and analyse its validity
An investigation may be chosen from one of the following questions.

= How do different variables such as temperature, light and soil pH affect the growth rate of plants? (pick one
variable)

= How do variables such as surface area, temperature, speed of flow (stirring), acid volume and concentration
influence the reaction rate of calcium carbonate in acid? (pick one variable)

= What variables, such as temperature, and continuous and non-continuous use, affect the life of a battery?
(pick one variable)

= How do different variables such as turbidity, pH, oxygen saturation levels and nutrient load impact the
water quality of a local pond or stream? (pick one variable)

MATERIALS

= relevant equipment to perform and make quantitative and qualitative observations according to the
selected investigation

= complete a risk assessment on any materials with an associated risk

In a team select a question on which to base the investigation.

N

Create an aim for the investigation.

Design a method for the investigation, being sure
to include equipment, the type of data that will be
collected and how it will be recorded.

4 Conduct the investigation and record the data.

Mark Fergus Photography

5 Record the quantitative and/or qualitative observations.

Analyse the data and propose a number of inferences that
could be made to explain or describe the observations.

DISCUSSION

T Quantitative and qualitative data have different
characteristics. Identify the types of data collected in
the investigation.

2 Justify why the investigation required the collection of
the particular types of data identified in Question 1 in
order to meet the aim.

3 Identify data that was not collected that could further
increase the validity of the inferences.

FIGURE 4.1.3 A vigorous reaction is produced

4 Select the inference that is most likely to explain or when marble chips (calcium carbonate) are added
describe the phenomena in the investigation and to‘zhigh volume and concentration of hydrochloric
acid.

justify your reasoning.
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Observations and inferences made by Aboriginal
and Torres Strait Islander peoples

The traditional lifestyle of Aboriginal and Torres Strait Islander peoples requires that they make close
observations of Country and Place in order to survive. From these observations, Aboriginal and Torres
Strait Islander peoples are able to infer what plant foods are edible, when to collect and how to prepare
them; how to find fresh drinking water; and when and where hunting and fishing will be most abundant.
The inferences and generalisations about Country and Place are central to the culture of the Aboriginal
and Torres Strait Islander peoples and are passed down from one generation to the next.

A toxic puzzle: Removing plant toxins

A number of edible Australian native plants species can pose a significant risk of poisoning if they are
incorrectly prepared. Determining the correct techniques requires close observation and reasoning
to make the appropriate inferences regarding their preparation. The correct way to prepare these
plants is a part of Aboriginal lore and the
knowledge is kept according to the male or
female gender association of the plant. This
means that either the men or the women are
entrusted with the knowledge of how best to
collect, prepare and cook particular plants, as
well as their potential medicinal uses. Youth are
often not entrusted with this knowledge until
they have demonstrated responsible use and
understanding of safer foods and materials.

Getty Images/Photolibrary/ Ted Mead

Some of the plants that require safe
preparation via leaching include the following.
Cunjevoi or Spoon Lily (Alocasia brisbanensis)

is a rain_forest plant found a_long the east coast Of FIGURE 4.1.4 Cunjevoi (AIOCGSiG brisbanensis) isa
highly toxic plant.

Australia. The plant, including its large starch-rich
rhizome, is poisonous, and even a small amount
incorrectly prepared has been known to Kkill
Records indicate that Indigenous peoples removed
the toxins by soaking the rhizomes for an extended
period of time in water to leach out the toxins,
before pounding the rhizome and making it into
cakes for roasting. Due to its highly toxic nature,
Cunjevoi is not utilised as a food source today.
Bracken (Pteridium esculentum) is a hardy fern
that grows in forests, heaths and paddocks with a
high to moderate rainfall. It is toxic to both humans
and livestock due to its high tannin content and
leucocyanidin. However, the new shoots and
rhizome can be eaten ifleached or boiled correctly.

© M. Fagg, Australian National Botanic Gardens

Nardoo (Marsilea mutica and Marsilea
drummondii) are ferns with clover shaped leaves
that growinriver flats and on the edges of swamps
and wetlands throughout inland Australia. The

sporocarps are separated from their casings and
leached in water to remove the toxins. They are FIGURE 4.1.5 Nardoo (Marsilea drummondii) showing
then ground and baked as cakes. Famously, the A2 GRETDERS il 2 Ut D e iz
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lore

tradition and
knowledge held by a
cultural group passed
down through the
generations

leaching

process in which water-
soluble substances

are dissolved into
surrounding water,
allowing the substances
to be transported and
removed from their
source material

species

group of living
organisms with similar
characteristics that can
interbreed
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explorers Burke and Wills starved to death while eating nardoo cakes, possibly because they failed
to prepare the sporocarps correctly to remove the enzyme thiaminase which depletes the body of

vitamin B,.
4.1.6 Aboriginal
exploitation of
toxic nuts as a
late-Holocene
subsistence
strategy i
Australia’s forests

'Wonky holes: Fresh water in the ocean

Wonky holes are submarine freshwater springs found along the Great Barrier Reef. They attract large

wonky hole numbers of fish and are thought to act as nurseries. They are of significant cultural importance for

submarine freshwater Indigenous peoples.

spring found along the
INQUIRING
FURTHER

Great Barrier Reef
Contact your local Aboriginal or Torres Strait Islander community and arrange a field trip to explore the local
environment. Investigate how Indigenous peoples in your local area used inferences and observations to know what
4.1.7 Submarine foods were edible, when to collect them and how to prepare them. Prepare a report for the class based on what you

roundwater discovered during your investigation.

ischarge into
the near-shore
zone of the Great
Barrier Reef

4.1.8 "Wonky
holes’ help coastal
water planning

4.1.1 Observations
and inferences

SECTION
REVIEW

REMEMBERING

1 Define and provide an example of an
a ‘observation’

b inference’

UNDERSTANDING
2 Discuss the main idea behind making inferences in terms of scientific processes and developments.
3 Outline the relationship between observations, inferences and generalisations.

APPLYING

4 Show how you would test a hypothesis based on an observation, inference and generalisation.
Support your answer with an example from your own experience.

5 A person makes the claim that you can catch the flu by being exposed to cold weather. Identify the
reasoning you would apply to challenge this person’s claim. Explain how you could support your
reasoning.

6 Identify and discuss the types of observations and inferences Aboriginal and Torres Strait Islander
peoples would traditionally have made to identify a poisonous plant.

7 Describe the observations and inferences that traditionally would have been made by Aboriginal
and Torres Strait Islander peoples in order to recognise that leaching could remove the toxins from
poisonous plants.

ANALYSING

8 Conduct a secondary-sourced investigation into the characteristics of wonky holes and explain
how the characteristics of these phenomena would have indicated the presence of fresh water to
Aboriginal and Torres Strait Islander peoples.
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@ Using secondary sources

Humans have been making observations and inferences about the natural
world since the birth of humankind. The ability to make accurate observations
and sound inferences about the world around us is vital for survival. For much
of human history the knowledge gained was transmitted by word of mouth
which required direct contact between those with the knowledge and the
learner. With the development of written language, direct contact between
people was no longer needed, and it became possible for knowledge to be
transmitted over large distances and time.

The Greeks, who were recording their observations prior to 600 BCE, are
known as being one of the first civilisations to document their findings on the
natural world. By documenting their observations and their inferences they

formed the foundations of scientific knowledge. For example, the scientist John

Library Special Collections

With permission of University of Delaware

Dalton (also known as the father of modern chemistry), was influenced by the ~ FIGURE 4.2.1 A 1573 edition of one of the two
. . . . surviving works of Democritus. This work most
works of the ancient Greek philosopher Democritus in the development of Jikely influenced John Dalton, who is credited

his model of the atom. In turn, Dalton’s model has been further developed by ~ With being the father of modern chemistry.

scientists such as Ernest Rutherford, Niels Bohr and Albert Einstein.

Through consulting the writings and accumulated knowledge of those before them, scientists
have been able to further develop an understanding and knowledge of the natural world. By utilising
recorded works scientists today have no need to start from the very beginning and can instead focus on
contributing to the continued evolution of scientific knowledge.

Consulting the research literature in the area of interest is vital before commencing a scientific investigation.
By consulting secondary sources research scientists are able to capitalise on the accumulated knowledge
and collective understanding of scientists before them and focus their efforts on areas that are not as well
researched or understood. The advantages of consulting the research are outlined below and in Figure 4.2.2.

Making inferences from the research

All scientific investigations require evidence to support their findings. By reviewing the work of scientists
working in the same or related fields a scientist can draw on the collective understanding and reasoning of
the scientists that came before them. This means that scientists do not have to start at the very beginning
but are instead able to further build on the research within the field and thus contribute to an ever
expanding body of knowledge. For example, by consulting Democritus’ work Dalton was able to build on
the idea that atoms were indivisible. Alternatively, scientists can challenge the reasoning underpinning
the inferences drawn from observations in previous studies and go on to test them. This has the potential
to establish an alternative interpretation of the evidence and overturn flawed conclusions.

Develop inquiry questions

The vast majority of scientific investigations begin with a question the researcher wishes to
answer. By consulting the research, a scientist is able to determine which questions have already
been answered by other scientists and find gaps in the research where questions have not been
fully answered or only partially answered. This can help a scientist focus on an area that is under
researched and make a more substantial contribution to the body of scientific knowledge. For
example, Democritus was unable to explain how atoms formed what is now known as molecules.

atom

from the Greek word
‘atomos’ meaning
cannot be divided

research literature
accumulated written
knowledge based on
investigations and
thoughts of scientists
that have been
published

molecule

group of atoms bonded
together, representing
the smallest
fundamental unit of a
chemical compound
that can take partina
chemical reaction
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hypothesis
educated guess
tested through
experimentation to
answer the inquiry
question; states the
relationship between
the independent and
dependent variables

independent
variable

factor deliberately
changed during an
investigation to obtain
data

dependent variable
factor measured in the
investigation

inquiry question
driving force of the
research and can
be investigated
scientifically

element

substance that cannot
be separated into
smaller substance by
chemical means

4.2.1 Using
secondary
sources

To learn from the
research methods of
other scientists
to improve validity
and reliability

To construct
hypotheses to test
variables that may

have been identified
in the research

This question was of great interest to Dalton and other scientists, and could only be addressed as
the understanding of the atom developed.

Construct suitable hypotheses

A hypothesis is developed by making a proposition about how the independent variable and the
dependent variable relate to one another. By reviewing the research, a scientist can determine which
variables and their relationships to other variables have been tested in the past, how these variables may
relate to a potential inquiry question and which variables may not have been tested. This helps a scientist
develop a hypothesis relevant to their own inquiry question. For example, using Democritus’ ideas and
the discovery of other elements Dalton was able to propose a hypothesis that atoms combined to form
molecules in whole number ratios.

Plan suitable investigations

There are many ways to conduct an investigation on an inquiry question, and the methods and
technology used can influence the reliability and validity of the results they obtain. Scientists can
learn how other investigations similar to their own were conducted previously, and the types of
tools and technology that were used by consulting the research. This may be of great assistance
in designing the method of their own investigation. For example, Dalton used or adapted many
of the techniques employed by his fellow chemists to conduct his own investigations. Which
techniques Dalton used often depended on the particular requirements of the investigation, and
the equipment and technology he had available to him.

Avoid unnecessary investigation

There is a vast amount of research that has been done by scientists in the past and it is impossible
for a single person to know of all the investigations that have been done before them. By consulting
the research, scientists can determine which investigations have been conducted in the past and
which have not. This reduces unnecessary
repetition and will allow them to make a
unique contribution to science. For example,

T id . R .
O e Dalton did not use his time needlessly trying

investigation by
seeing what
investigations have
been conducted
in the past

to discover elements that had already been
discovered.

To make inferences
from the research
by learning from

the work of

An important aspect of science is that the
research that is published is verified and

S #  Gther scientists - .
tRea”“’" accurate. Many scientists want to make a unique
0 consu o ) ] i
research contribution to science by addressing an inquiry

question that has never been asked before.
However, it can be argued on ethical grounds
that repeating research that has previously been

/ N

To develop inquiry
questions by
determining

which questions
have been answered
and which have not

published is just as important as it confirms
reliable research and challenges research that
has flaws.

FIGURE 4.2.2 Five reasons to consult the research when commencing an

investigation.
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Utilising secondary sources

Collecting and reviewing information from secondary sources is an important component of conducting a
scientific investigation. By doing so, scientists can source the different perspectives of various researchers and
critically analyse the similarities and differences in their findings.

To review the similarities and differences in secondary sources based on Investigation 4.1.1 and explain how
the findings are applicable to related scientific fields

MATERIALS

relevant secondary sources based on the chosen investigation

Select a range of secondary sources that address the following investigation initially selected in
Investigation 4.1.1. (Note: five sources should be a minimum.)

Secondary sources related to plant cell structures and size, and the development of measurement
in microscopy

Secondary sources related to calcium carbonate in acid and chemical reactions in cave formations
Secondary sources related to factors affecting battery life and energy storage

Secondary sources related to the impact of humans in a local environment and methods of environmental
measurement

Collate the secondary source details such as Author, Date of publication, Title, Journal or Publisher name, or
internet URL with date of access using the bibliography style of your school.

Summiarise the findings of each secondary source.
Identify and outline incidences where the secondary sources provide similar or different information.

Write a descriptive report on the theoretical findings of the various secondary sources and identify areas in
which they are similar or different.

Create a glossary of specific concepts used in the secondary sources.

DISCUSSION

Explain why it is important for the information in secondary sources to correlate in order to draw an
inference about the data from the experiment.

Not all secondary sources will support the same explanation or method for the experiment. Identify
what factors or influences could lead to the differences of opinion between the authors of the secondary
sources.

Identify what information would be needed on a secondary source to establish the reliability and validity of
the information it contained.

Describe the information contained in the secondary sources that gives an indication of the reliability and
validity of the source.

Explain why it is important to evaluate the reliability and validity of secondary sources.
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SECTION
REVIEW REMEMBERING

1 Define and provide an example for:
a ‘secondary sources.
b ‘inquiry question.
¢ ‘hypothesis.

UNDERSTANDING

2 Describe three reasons to consult secondary sources in order to improve the quality and relevance of
an investigation.

3 Explain how science has been able to build upon the knowledge and understanding of previous
generations by utilising secondary sources of research.
APPLYING

4 Explain how consulting the research may help you to develop a clear understanding of what you
want to investigate and to identify a suitable inquiry question.

5 Astudent wished to investigate the inquiry question, 'How does air pressure in a soccer ball affect
how far it travels when the same force is applie<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>