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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 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
studly.

vi

At the beginning
of each chapter

@ MODULE 5 SCIENTIFIC

INVESTIGATIONS

= 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.
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In each chapter

At the end of each
chapter

9780170411264

The content in the syllabus is presented in a
step-by-step approach. —
Key glossary terms are highlighted in the
margin.

Inquiring further provides opportunities o
for students to further investigate scientific
concepts and develop scientific research skills.
Investigations (practical experiments) contain
guided instructions on the materials, method
collection, analysis of results and discussion.

Measuring the height of tall objects

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, exciting
and stimulating digital content 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 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 12
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, and 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

VI 9780170411264
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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 we 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 that 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 among 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.




m 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,

inquiry question
driving force of

the research; can
be investigated
scientifically

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
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

How 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
variables arerelated. Asa general rule, towrite aproper hypothesis both variables must be in the hypothesis
statement. For example, writing a hypothesis that says, ‘Sunlight burns leaves’ is
a factual statement. If the same sentence is written combining the dependent
and independent variables, it would read, "The amount of sunlight (independent
variable) will affect the process of photosynthesis (dependent variable). The

To write a hypothesis statement use the
scaffold:

37Ny A3

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

second statement shows the relationship between the two variables.
The more specific the hypothesis, the easier it will be to design the experiment.

2 CHAPTER 1 » WORKING SCIENTIFICALLY 9780170411264



WORKED EXAMPLE

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

2 The farmer passed the question on to the local research centre where they created following hypothesis:
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 gggfgﬁgg;l facts

data refers 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 -
equations. When the collection of data is coming from experiments that the scientists themselves have ngr:]gfsn CO?|eaCted

collected, the investigation is called a primary investigation. by observations or
measurements during

an investigation

iStock.com/IPGGutenbergUKLLtd
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.

9780170411264 CHAPTER 1 » WORKING SCIENTIFICALLY 3



valid

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

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 9780170411264

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



9780170411264

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 spills, 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 assessed by their likelihood and
severity of consequences, as shown in Table 1.2.1. For example, a strong acid spill 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.

Risk matrix Likelihood

Rare Unlikely Possible

Likely

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

MEDIUM

Moderate: For example, an injury or illness requiring

moderate medical treatment but no lost time MEDIUM

[
v
=
(7]
=]
o
[
©v
c
o
()

MEDIUM
MEDIUM

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 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.

The steps in a method are slightly different for primary and secondary investigations. 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.

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

whether what is being
done conforms to good
standards of behaviour

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 or 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 or 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

6 CHAPTER 1 » WORKING SCIENTIFICALLY

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
daily daily = dependent variable: plant growth
&o ml 40 mL = controlled variables: type of plant, room temperature,
amount of sunlight, soil type, pot size, watering time
- = control: Plant 1 (no water)

= treatments: Plant 2 (20 mL of water) and Plant 3
(40 mL of water).

vu

Plant 1 Plant 2 Plant 3

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

9780170411264




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 ggsﬂ;fve;bogﬂs 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?UW? 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
that support the hypothesis.

Safety is 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 6).

Chemical safety

Chemicals used in investigations can be harmful, corrosive, irritants, 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
* 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 e 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 (MSDS) 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

code of practice:

» manufacturer’s name and contact details !
preparation of

» first aid information safety data sheets
for hazardous
»  storage conditions. chemicals

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

Shutterstock.com/Billion Photos

the microscopes must be handled with care.
Cultures in agar plates should never be open
when bacteria or contaminated samples
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 when handling the agar culture.
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
. . . . . L. . group of living
the laws in the local area and consider if an alternative type of investigation can be conducted instead of organisms with 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.

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 educational 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
Educational and government institution web pages Non-educational web pages
Scientific journals and articles Articles in popular magazines
Encyclopaedias 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)/volume and page numbers (for a journal)/URL
(for a web page). It can also be helpful to say when you accessed the webpage.

KEY FORMULA

For example:

» Book
Diamond, J. (2000). Guns, Germs and Steel: A Short History of Everybody for the Last 13 000 Years.
1.3.1 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,
Vol. 540, 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. Accessed 30 January 2018.

@ 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). ualitative data

descriptive data

The way that data are organised, displayed and represented helps in the interpretation and analysis CO“dECfEU >
.. . . . . evidence during an
of the results. Organising data aids scientists to observe trends and patterns, and to reach conclusions investigation (e.q.
about the hypothesis being investigated. images, observational
sentences)

quantitative data
numerical values
) collected as evidence
Nominal during an investigation

(e.g. gender, race) (e.g. calculations

are usually part of

the analysis, not

data collection,

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

Data (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.
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line of best fit
trendline that best fits
the plotted data, it
goes through the centre
of the plotted data

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. (if appropriate). your

FIGURE 1.4.3 TALS, an acronym to remember how to draw a graph.
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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
)
< 4 M Men Women
g 40
>
© Q@
s o}
8 S 30
g Q
- G 50
2 B Aged <20 years
IS
S 104 20-29 years
=
T T T T —» M 30-39 years
2 4 6 8 10 0 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
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 emerged or an existing technology has been improved or the technology used was
not calibrated properly for the particular data collected.

1.4.1 Graphing
skills
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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

Lﬂf%aela(i)rs[govuamﬁ . 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, symmetrical, 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 I %/\
0123456789 0123456789 4567
Symmetrical, unimodal, Skewed right Non—symmetrlcal, blmodal
bell-shaped

| \‘|4 '\I. »
L L AL N N R R B L L L L AL I R

T T I T
0123456789 0123456789 0123456789
Uniform Skewed left Symmetrical, 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 . . . . . . .
ooints within the range can be ascending (increasing), descending (decreasing), stable or variable (Figure 1.5.2). All of the
of data points measured points that fit between the minimum and the maximum values plotted can be interpolated.
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FIGURE 1.5.2 Trends

Stable Ascending in data. The orange
A -4 2 lines are the lines
of best fit for each
, plotted data set.
G The lines of best fit
’-‘YP/C\Gw - f\/ represent ascending,
descending, variable
and stable data
trends.
Descending Variable
A A
Q

TN VAN

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 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 main 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 II errors. A type I error refers to rejecting a hypothesis when the hypothesis is
true (such as telling a woman that she is not pregnant when in reality she is pregnant). A type II error
refers to accepting a hypothesis when the actual hypothesis is wrong (such as 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
hypothesis Acceptance of a hypothesis
Results or findings that is false (false negative)
from the research
FALSE Type | error Rejecting a wrong
Reject a hypothesis that is true hypothesis

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
1 5.1 Statistice might be from the ‘true value’. For example, a measurement of 7.05g + 0.02g means that the experimenter
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 2 equipment used or unforeseen variables when the experiment has taken place.
Measurement refers to the type of data €  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. 1.5.1 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 . -
. . . 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 . VT .
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 - .
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.
Identify and Brainstorm Choose ;
) solution based Implement
define the solutions on scientific the solution 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

A |dentifies errors
solutions

y

Critical
thinker

),

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

AT 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.
Abpendix 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
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. 1.7.1 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 peer review
process in which
experts review and
critique the work and
research of others in

the same field

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.

9780170411264 CHAPTER 1 » WORKING SCIENTIFICALLY 19



’ PREPARING FOR A DEPTH STUDY

Alamy Stock Photo/Science

20 i 9780170411264



9780170411264

@ 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 doesnt 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
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 L

he ™ .

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.

N | &

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 successtully 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

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.

® 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,itis helpfulifthe person writingthe 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 é ‘4

»  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 review

»  revise based on the peer review 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-

» Climate change may impact 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
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research. If it doesn't appear to have a solid scientific methodology then an article may be rejected for
publication.
In most cases ajournal article will have a structure similar to that of a standard scientific investigation.

»  Question

»  Background research

»  Hypothesis

» Investigation method

»  Analysis

»  New hypothesis (if results do not align with the hypothesis)

» Conclusion

@ 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. An essay usually takes the following structure.
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. This conclusion should be supported by the evidence
given in the body of the essay.
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 identify 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

» timelines 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 changes in scientific thought. As new technologies are constantly S;Llc'gzrcce‘eram

emerging, a depth study is an opportunity to investigate and evaluate the potential of recent innovations. that le OD(EAS Subat)oﬂgit
Your investigation may aim to investigate emerging scientific technologies strictly related to the work E‘agr h‘ ngseeda o

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 or 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.

9780170411264
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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. é 3

w <

This choice of depth study provides the ultimate ‘é-f’g
platform to apply scientific inquiry. For those who are >

always thinking of newideas, thisis an opportunity to finally
transform your vision into something more concrete. Of
course, if you are considering this form of depth study; it

FIGURE 2.12.1 Nineteen-year-old Boyan Slat

is important to consult your teacher and complete alot of invented a device to clean up plastic waste floating in
the ocean while allowing marine life to pass through
unharmed.

background research to ensure that it is plausible.

@ Creating a working model

Modelling is used extensively across the disciplines of science to illustrate a concept or process, or as
a representation 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 difference 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, including those that:

Science Photo Library/MARTYN F. CHILLMAID

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

» occur too slow or too fast to observe movement,

»  are too large or small to see
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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

areas of science. For example, in trying to s 4 a
. . . 1 - 2
gain an understanding of some ecological - e SRR :
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, fieldwork 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 or

iStock.com/istock80

planning a field trip to a 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 : : o
basis of a field tri FIGURE 2.15.2 Rock platforms in tidal zones, such as this one
asis ol a hield trip. 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
to use, you need to reflect on what it is you want students to learn during this field trip. At each step of

f-1 251 Guideline planning your field trip, it is important that what the students will learn is at the forefront of your plan.
or e
preparation of You might talk to your teacher about areas of the year 7 curriculum that could be used to introduce

an environmental

management plan 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 in 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:

2.15.1 Field study
of an ecosystem

»  assessing water quality, turbidity, salinity and pH

»  listing the abiotic factors influencing the ecosystem

»  identifying species and constructing a food web of the ecosystem species
. . . C . . . 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 fieldwork 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 the 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 that 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 addresses 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
proposed.

qualitative data
descriptive data
collected as
evidence during an
Tables are used to systematically record and manage data. If you intend to submit a primary investigation investigation (e.q.

. . . . . , \
for your depth study, displaying your results in a table provides readers with a snapshot of the outcome gs?eenscsst;sewahona

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

differences depending on the type of data you are collecting. Figures 2.18.1 and 2.18.2 can be used as numerical values
collected as evidence
during an investigation

respectively. (e.g. 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 Precipitate Precipitate

Chemical Precipitate
Colour (Y/N) Colour (Y/N)

reaction 4 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.

A Line graph: Change over time or distance Scatter plot: How one variable affects another
300 1 A
50 4 o

250 A 451
3
g 101 °

200 2 35 °
4 [ ]
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o i
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Pie chart: Percentage data Column graph: Categorical data with numerical values
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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 (if appropriate).
»  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
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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 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 adds complexity to your study.
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MODULE 5 SCIENTIFIC
INVESTIGATIONS

Scientific investigations follow a process. An observer ponders a question about a phenomenon or event
and then creates a hypothesis. To answer the question and prove the hypothesis, investigators collect
evidence as primary and/or secondary data and then report their analysis and conclusions for peer review
and further analysis of the findings. The scientific investigation does not follow a formal protocol, it is a cycle
of findings, refining the hypothesis and questioning and analysing the data. However, the final report of the
investigation has a structured format that the scientific community understands as a common language.

A misconception about science is that its history is a steady progression, where scientists collect
knowledge in an orderly manner, sequentially and deliberately building upon existing ideas and theories.
However, scientific history is littered with examples of where the prevailing dogma, ideas thought to be true
for hundreds or thousands of years, has been overturned by brand-new ideas. These new ideas were backed
up by investigations confirming that they were correct.

Einstein’s theory of special relativity was a complete departure from the prevailing ideas of the nature
of light and electromagnetic radiation. However, despite its apparent weirdness, the theory has been
repeatedly tested and confirmed to be accurate.

There are many examples of scientific discoveries made by accident, or by methods that are well outside
the normal scope of the scientific method taught in early science lessons. In this section, we will examine a
few of these discoveries.

»  What initiates an investigation?

»  What type of methodology best suits a scientific investigation?
« How can we judge the integrity of a scientific investigation?

«  What s the structure of an investigative report?

(%]
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Students investigate:

« practical investigations to obtain primary data

CONTENT

« different types of scientific investigations
« reliability and validity
« reporting.

A student:

« develops and evaluates questions and hypotheses for scientific investigations INS11/12-1

OUTCOMES

= designs and evaluates investigations in order to obtain primary and secondary data and
information INS 11/12-2

= conducts investigations to collect valid and reliable primary and secondary data and information
INS 11/12-3

= develops and evaluates the process of undertaking scientific investigations. INS12-12

© 2017 NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales.
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scientific
investigation

an organised approach
to solving a scientific
question

scientific theory

an explanation of an
aspect of the world that
can be tested

chronic

an illness that
continually re-appears
or is experienced for a
long time

peptic ulcer

3 break in the tissue of
the digestive system,
mainly in the stomach,
that causes pain, among
other symptoms

gastrointestinal
tract

organ system from
the mouth to the anus
which is involved in
digestion of nutrients
and excretion of waste

Practical investigations to obtain
primary data

At the centre of most science is the scientific investigation. An investigation is any deliberate, organised
process to try to answer a scientific question, from which new scientific theories may emerge.

An investigation can be instigated in many ways. It could be as straightforward as asking a simple
question, such as “"Why is the sky blue?. Some scientists may be inspired by eureka moments’, where a
sudden flash of inspiration pushes them into new ways of thinking about a problem, such as the famous
story of Archimedes trying to work out if a crown was made of pure gold.

Many discoveries come from taking the ideas and discoveries made in the past and exploring new
aspects of these ideas. Scientists can often develop these new ideas when technological advances allow
more accurate or fresh observations.

Approx. 500BCE

Leucippus and
Democritus
propose the

idea of
indivisible
atoms.

No technology
was available to
confirmor deny
the hypothesis,

1803

lohn Dalton
proposes the
atomic model,
with each
chemical
elernent having
its own atom.

Dalton was able
to use early
laboratory
equipment
developed by
alchemists
attempling to
produce
precious metals

1897

1 Thomson
discovers the
electron.

Thomson was
able to use the
newly developed
cathode-ray
tube (CRT).

1911

Ernest
Rutherford
discovers the
atomic particle,

Rutherford
could use
particle emitlers
that produced a
of alpha
particles and
a zinc
sulphide screen
that showed the
deflected
particles.

oroducts FIGURE 3.1.1 This timeline shows how advances in technology helped with the development of atomic theory.

FURTHER
Research a scientific discovery inspired by a eureka
moment, such as that of Archimedes in his bath.
Present your research as a five-minute presentation.
As part of this presentation, discuss what the
scientific thinking was before the discovery, and how
the discovery affected scientific thinking and society.

For example, with atomic theory, each development came about because
new technology was able to show an aspect of the structure of the atom that
could not previously be observed, as shown in Figure 3.1.1.

In this section, we show how some discoveries come from sparks of intuition
or genius, as well as some of the risks scientists sometimes take.

dominal A chronic problem in western civilisation in the 20th century was a condition
apbdaomina

part of the body
containing the stomach
and intestines

affecting the stomach — peptic ulcers. A peptic ulcer is a break in the tissue of the
gastrointestinal tract, which can cause great discomfort and pain in the chest and abdominal area. Other
symptoms include vomiting, severe flatulence, nausea and fatigue.

What led to the discovery?

Many doctors assumed that ulcers were caused by spicy food, stress, smoking and heavy drinking, all of
which increase the acid levels in the stomach. It was thought that if the acid level built up too much, the
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acid would eat away at the mucous that lined the stomach,
and then attack the stomach lining itself, causing the ulcers
to form. This conventional thinking would be overturned by
two scientists from Western Australia.

In Perth, Barry Marshall and Robin Warren (Figure 3.1.2)
were studying gastrointestinal diseases. When looking at
biopsies from patients with severe ulcers, they discovered a
bacterium, Helicobacter pylori (H. pylori).

Doctors thought it was impossible for any bacteria to

AAP/AP Photo/Bernd Kammerer

biopsy

taking samples

of tissue from a
patient and testing
these samples in

3 laboratory; this
technique is commonly
used to test if cells are
cancerous

survive in the highly acidic environment of the stomach, and
the notion went against every medical idea at the time. Warren
had first seen these bacteria in 1979 in patient biopsies he had
been studying. This piqued his interest, as he thought there FIGURE 3.1.2 Barry Marshall and Robin
might be a connection between the bacteria and the ulcers; ~ Warren received the Nobel Prize for Medicine
. . in 2005 for their work on peptic ulcers.
however, there was much resistance to the idea. In 1981, he
met Marshall and they investigated these strange bacteria in
detail.

Relationships and patterns
tissue culture
3 group of living
cells grown under
laboratary
conditions
(Figure 3.1.4, over)

Warren and Marshall tried to grow the bacterium in the
laboratory. It proved to be a difficult task, as all the tissue
cultures they attempted to grow failed. It wasn't until a
culture was left over an Easter long weekend that they were
finally able to grow a successful bacterial sample.

The reason they had trouble was due to the procedures
in the lab where they worked. A laboratory technician
would check the sample after two days, see no growth,
and, assuming the culture had failed, they would throw the
sample out. An extended shutdown over the Easter weekend
gave the sample the five days it needed to start growing.
Once the culture had grown, it was possible to do extensive
experimentation on the bacteria, which showed Marshall

Science Photo Library/University of Southampton/P. Hawtin

] ) FIGURE 3.1.3 Marshall and Warren
and Warren that the bacteria were the likely cause of the confirmed the H. pylori bacterium was the

cause of most peptic ulcers.

ulcers (Figure 3.1.3).

Testing conclusions INQUIRING
FURTHER

By 1985, Marshall and Warren were getting frustrated that no one in
the medical community took them seriously. Barry Marshall attempted Research an example of an extremophile bacteria -
to prove his hypothesis by infecting himself: he deliberately swallowed ~ bacteriathatlive in extreme conditions. Present your

. 1 . research as an annotated visual display or interactive
some of the tissue culture. Within a week he had developed a peptic et e B s e i i e

ulcer, with the symptoms of stomach inflammation and vomiting. He found on nuclear fuel rods, around thermal vents on
the bottom of the ocean, or those that eat minerals

from rocks many kilometres below the surface of
the symptoms. Earth.

INQUIRING

FURTHER
Research how tissue cultures have been used in medicine, such as in making skin grafts. Present your research in the
form of a one-page factsheet.

subsequently took a course of antibiotics, which cured the ulcer and
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’wé: Inner cell mass New ideas and technologies

Embryo Despite the evidence provided by Marshall testing the cure on
himself, it took a decade before the findings were accepted,

&
R

K = \\) and antibiotics became the recommended treatment for
A ol peptic ulcers.
I There was much resistance to the link between H. pylori and

Inner cell mass stomach ulcers. As previously stated, the accepted thinking

was that peptic ulcers were caused by the stress, spicy food,
e - smoking and heavy alcohol consumption. Drugs that reduced
Clumps of cells acid production in the stomach or neutralised stomach acid were

/ available, and they effectively treated the condition. However, in
P ) many cases a patient required ongoing treatment to prevent the
\T/ condition returning. This could be costly and inconvenient for

Colonies of them.

embryonic Antibiotic treatment is significantly cheaper, and has the bonus

& 5> ) stem cells of completely removing the H. pylori from the body, effectively curing

factor

Differenti ati’a]T*‘" the sufferer, who in most cases requires no further treatment. Now,

H. pylori can be easily detected by a breath test, meaning patients do

not need internal examinations or biopsies, so they do not need to
stay in hospital.

Experiments by other researchers confirmed the idea that ulcers

were caused by the bacterium, and Warren and Marshall were
awarded the Nobel Prize for Physiology or Medicine in 2005.

FURTHER
Research other Australian scientists who have won Nobel Prizes in
scientific fields. Examples may include Brian Schmidt for Physics, in
2011; Elizabeth Blackburn for Physiology or Medicine, in 2009; or
Sir John Comforth for Chemistry, in 1975. As part of your research,

give reasons why their research was important to society. Present this
as a five-minute multimodal presentation.

Colony of
skin cells

Colony of
bone cells

Colony of
blood cells

FIGURE 3.1.4 Tissue culture isa common biological tool used
in research, such as for growing stem cells from human cells.

Growing bacterial cultures

To observe the growth of bacterial cultures over several days

MATERIALS

Agar plates An incubator or warm space

Tape to seal the plates
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RISK ASSESSMENT |

RISK
Some microbes that grow on the plates may  Once the plates have been exposed to microbes, they should be securely ASSESSMENT
be harmful. sealed with several layers of tape and not opened again. The plates will

need to be autoclaved once the investigation is complete.

Collect your agar plate. Ensure the lid is secured to prevent early contamination.

Use a cotton bud to collect samples of bacteria from areas such as the laboratory bench or student chairs
and tables.

Carefully lift the lid of the agar plate and gently rub the cotton bud across the agar surface. Take care not to
dig in too far.

Secure the plate by wrapping adhesive tape around it to ensure you cannot separate the two sides of the
plate easily.

Label your plates to easily identify them later. You may also want to take a'before’ photo so you can
compare your results. A good technique is to include a ruler in the photo to show the scale of the growth
of any microbes later on.

Place your plate in an incubator or a warm place. The agar medium should be at the top of the plate. This
will prevent any condensation from disrupting the growth of your microbes.

Make observations every day if possible, taking a photo each time to compare the microbial growth.

After one week, dispose of all samples using an autoclave.

Copy and complete the table below.

N|joju | b~ W N

DISCUSSION

Outline reasons why assessing risks is important in this experiment.
Provide reasons why you could not conduct this experiment indefinitely.

EXTENSION

Design and conduct an experiment that either determines areas in the school that have the most microbes or
assesses the cleaning claims of some hand soaps.

Growing plants

Plants are a fundamental part of any ecosystem, being the start of most food webs and a source of food.
People have often wondered how plants grow. However, until a few hundred years ago, the process was a
mystery. It was known that plants grew from seeds and people believed that the plants ‘ate’ the soil.
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What led to the discovery?

gas In the early 1600s, Jan Baptist van Helmont, a Belgian doctor and chemist, was an early researcher into
fh!f‘ﬁ ”Satﬂ t;;[g;tger the way gases moved and interacted. He is credited with the first use of the term gas.
given container because Van Helmont was also curious about how plants grew from seemingly nothing. He took a young

th ticl freel
e R | seedling, put it in a pot with soil and let it grow. All he did was add water. Then he took careful

measurements of the mass of the soil and willow plant.
At the start of his experiment, the mass of the soil was 90 kilograms, while five years later at the end
of the experiment, it was still very close to 90 kilograms, weighing just 57 grams less. The willow sapling
a';'r:,c\,/::s had grown into a 76-kilogram tree. Van Helmont thought that this was an insignificant amount of lost
experiments soil and therefore concluded that the growth could only be attributed to the addition of the water.

Getty Images/iStock/lamiel

Alamy Stock Photo/Art Collection 2

FIGURE 3.1.5 Jan Baptist van FIGURE 3.1.6 A willow tree
Helmont was an early pioneer in the
studies of chemistry and biology.

‘For I took an Earthen Vessel, in which I put 200 pounds of Earth that had been dried in a Furnace, which I
moystened with Rain-water, and I implanted therein the Trunk or Stem of a Willow Tree, weighing five pounds:
and about three ounces: But I moystened the Earthen Vessel with Rain-water, or distilled water (alwayes when
there was need) and it was large, and implanted into the Earth, and leaft of the Vessel, with an Iron-Plate
covered with Tin, and easily passable with many holes. I computed not the weight of the leaves that fell off in
the four Autumnes. At length, I again dried the Earth of the Vessel, and there were found the same 200 pounds,
wanting about two ounces. Therefore 164 pounds of Wood, Barks, and Roots, arose out of water onely.

Johannes Baptista van Helmont, Oriatrike: Or, Physick Refined, trans. John Chandler (1662), page 109.

Later, other researchers determined that this small loss of soil was significant, as elements found

in the soil such as sulfur, nitrogen and potassium were essential for the healthy growth of the plants.

fertiliser The plant only needed these elements in very small amounts. Compounds such as phosphates and
@ substance added nitrates could also help plants grow if they were added to the soil, leading to the relatively modern idea

to soil to aid in plant ) : ]
growth of fertilisers being used in agriculture.

Relationships and patterns

Van Helmont tried to establish relationships between the variables that he was managing. At the end
of the experiment, he dried the soil and weighed it but did not observe a significant change. However,
the tree was 76 kilograms heavier. As he only used the one plant, it was difficult for him to establish
any patterns or relationships. It is important to point out that van Helmont did not have enough
background knowledge, as the process of photosynthesis had not yet been described; therefore, he did
not know that atmospheric gases were playing a key role in the willow tree's weight gain.
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While van Helmont did some early work on carbon dioxide, which he called
‘gas sylvestre, it would be almost a hundred years before the idea of gaseous
exchange in plants was discovered. This made it very hard for van Helmont
to ascertain the correct relationship between the loss of mass in the soil, the
addition of water and the growth of the plant.

sustainable methods. Present your research as a

Testing conclusions

Van Helmont's experiments were useful in establishing further areas for

botanists to explore, even though his conclusion was wrong and not valid as

a scientific experiment. In 1727, the botanist Stephan Hales built on van Helmont's research with the
publication of Vegetable Staticks, a book in which he talked about gaseous exchange in plants through
transpiration.

New ideas and technologies

Van Helmont's ground-breaking experiment may not have solved the mystery of how plants gain mass,
but it did inspire investigations by people such as Stephen Hales.

Microwave ovens provide a quick and convenient way to heat food. Unlike conventional
electric or gas ovens that use radiant heat to cook food, a microwave causes water
molecules in the food to vibrate. As their rate of vibration increases, they bump into
each other more frequently, causing friction between the molecules, which generates
heat. Microwave ovens are most effective in cooking foods with higher water content.

Cooking with microwaves uses less energy than conventional cooking methods.
A stove or conventional oven generates a large amount of heat, which is then
transferred to a pot, pan or tray, where the heat is further transferred to the food,
which starts the cooking process. In each step, a good portion of the energy is lost
to the environment.

With a microwave oven, the microwaves directly interact with the water molecules
within the food, so there is less energy lost throughout the process.

The invention of the microwave oven came about because of technology
developed during World War II. The American physicist and inventor Percy
Spencer (1894-1970) is regarded as the inventor of the microwave oven. Spencer worked for the
United States military developing radar, despite the fact he was not a trained scientist. When
he was young, he became very curious about electronics after learning about the use of wireless
communication on the Zitanic. When he joined the navy at the age of 18, he set about teaching
himself many of the ideas behind wireless communication through textbooks he acquired.

He eventually left the navy and joined the American Appliance Company, now known as
Raytheon. The company developed large-scale electronics for the military. Spencer was well
regarded, eventually becoming a member of the company’s board of directors. He received many
patents during his working life; however, it was his development of microwave technology that is
best remembered.

What led to the discovery?

At the start of World War II, Spencer had become an expert in designing magnetrons. Magnetrons are
vacuum tubes that generate microwaves and are the basis of how radar works.

five-minute PowerPoint presentation or video.

microwave

a form of
electromagnetic
radiation with
wavelengths between

1 metre and 1 millimetre

radiant heat
heat transfered by
electromagnetic waves

friction

a force of resistance
when two surfaces rub
against each other

FIGURE 3.1.7 Percy Spencer taught
himself about electronics and used this
knowledge to invent the microwave
oven.

3.1.2 Percy
Spencer

3.1.3 How the
microwave was
invented by
accident

3.1.4 The
amazing true
story of how

the microwave
was invented by
accident

radar

an acronym for RAdio
Detection And Ranging
(or RAdio Direction And
Ranging), which is a
system used to detect
the presence of objects
over long distances
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INQUIRING

FURTHER
Research the use of nitrogen-based fertilisers and
the effect that nitrogen has on the environment and

on the ozone layer. As part of your research, outline
some of the ways modern farming techniques use
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While working with some of his magnetrons, he noticed that a chocolate bar
FURTHER

in his pocket had warmed up and started melting,

Research why the radiation produced by a . . . .
microwave oven is safe. As part of your research, Relationships and patterns, and testing conclusions
outline how a microwave oven cooks food and
describe the terms ionising radiation and non-
fonising radiation. Present your research as a five- microwaves, including making the world’s first microwaved popcorn. The

minute multimodal presentation. strength of the magnetron meant that the corn kernels popped almost
immediately when exposed to the radiation. The experiment with cooking
an egg was less successful when the egg exploded in the face of one of the
engineers.

He and his colleagues began experiments exposing various foods to the

New ideas and technologies

Spencer eventually created a small metallic box into which
the electromagnetic radiation could be directed, the first
microwave oven. The first microwave oven to be sold was the
Radarrange, which cost about $5000 in 1945. It measured about
2 metres tall and weighed 350 kilograms. It took more than
20 years for an appliance similar to a modern microwave oven
to go on sale, in the late 1960s.

INQUIRING
FURTHER
Science and the military — research the links between technology

and military applications. Some examples might include the

development of metals for swords through the bronze and iron

FIGURE 3.1.8 Microwave ovens are a quick and convenient way to ages, or the use of gun powders for projectile weapons. Present
heat many types of food. your research as a five-minute video or PowerPoint presentation.

Getty Images/Science & Society Picture Library
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Measuring the wavelength in a microwave oven

AIM
To determine the wavelength of the electromagnetic radiation in a microwave oven

MATERIALS

= Microwave oven
= Microwave-safe plate
= Afood that melts easily, such as chocolate or sliced cheese

RISK ASSESSMENT
o

ASSESSMENT The food and plate will become hot. Use tea towels or kitchen gloves to remove the plate. »
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Take the turntable out of the microwave oven.
Carefully cover the plate with the food.
Put the plate in the microwave oven.

Turn the oven on for about 20 seconds. Stop and check if any of the food has melted. If it has, remove the
plate; if it hasn't, heat for another 20 seconds.

Measure the distance between the melted spots on the food.

Distance between melted spots:
The distance between the dots is half the wavelength of the actual wave. Derive an expression that could be
used to calculate the value of the microwave wavelength.

Expression:
Calculated wavelength:

DISCUSSION

Describe why the turntable had to be removed.

Outline what your experiment demonstrated about how a microwave oven cooks food.
Why should the turntable be used when cooking food?

EXTENSION

Use your experimental data to work out the speed of the microwaves using the formula below.
v=Af

Where

v =the wave speed in metres per second, m/s

f=the frequency in hertz, Hz (most ovens operate at 2450 MHz)
A (lambda) = the wavelength in metres, m

SECTION
REVIEW

REMEMBERING
1 Briefly describe the work of Marshall and Warren, van Helmont and Spencer.
2 Describe the role of observation in the discoveries of Marshall and Warren, van Helmont and Spencer.

3 State a new technology that came out of two of the discoveries in this section.

UNDERSTANDING
4 Outline reasons why the medical community did not initially accept the ideas of Marshall and Warren.

5 Discuss a reason why van Helmont was unable to see the link between the slight decrease in soil mass and
growth of plants.

6 Describe why Spencer is considered a scientist even though he did not have formal qualifications.

APPLYING
7 Propose the hypothesis and conclusions each scientist made in their discoveries.

. . . . . S ) 3.1 Practical
8 Each of the discoveries came about through ideas that were different to the conventional thinking of the time. investigations

Propose reasons why these sorts of ideas often take a long time to be accepted.
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circumference
the distance around
a circle

summer solstice

longest day of the year;

that is, when the most
amount of sun is seen

3.2.1 Eratosthenes
of Cyrene

3.2.2 Eratosthenes
calculates Earth's
circumference
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Different types of scientific
investigations

When scientists start an investigation, they need to carefully plan how they are going to test their ideas.
Careful planning can make the impossible, possible.

FIGURE 3.2.1 Eratosthenes used his
knowledge of mathematics to determine
the circumference of Earth.

Eratosthenes and Earth’s circumference

Born in 276 BCE, Eratosthenes was an ancient Greek
astronomer and mathematician, among many other pursuits.
He used a number of techniques to determine Farths
circumference.

While working at the Library of Alexandria in
Egypt, Eratosthenes devised a method to work out the
circumference of Earth. Eratosthenes knew that when the
summer solstice occurred at noon at the Egyptian city of
Syene, now called Aswan, the Sun was directly overhead;
there were no shadows on the ground. At the same time
in Alexandria, he measured the angles of the shadows at
noon, which was about 7.2°. A quick calculation of 360/7.2
gives the result that the distance between the two cities is
1/50th of the circumference of Earth.

Eratosthenes knew the distance between the two cities
was about 800 km, which meant he could work out that

Earth’s circumference was 40 000 km, which is very close to the actual value (40075 km). There has

been some debate by scholars as to whether the measurement of the distance between the two
cities was accurate; however, his methodology was correct.

INQUIRING
FURTHER

In ancient times, traditional measurements such as distance and time were not standardised. Create a five-minute,
multimodal presentation on two or three units of measurement used by ancient civilisations. Include reasons why we

no longer use the measurements.

Ancient Greek polymaths

INQUIRING
FURTHER

Many of the ancient Greek scientists read widely across a number of subjects. This kind of person is called a polymath
which comes from the ancient Greek word meaning ‘having learned much! Eratosthenes is an example of a polymath.
He was an astronomer, mathematician, poet, geographer and he ran the Library of Alexandria. Propose reasons why
people such as the ancient Greeks were able to study a wide range of ideas across many disciplines. Compare the
ancient Greeks to the 21st-century scientific research that is often done in teams of interdisciplinary experts.



Measuring the height of tall objects

It is possible to measure the height of tall objects, such as trees in the playground, by measuring shadows.

AIM
To determine the height of a tall object, such as a tree, in the playground

MATERIALS

Tape measure

RISK ASSESSMENT |

RISK
Falling branches. Check the state of the tree before attempting the experiment. ASSESSMENT

Sunburn. Ensure you have adequate sun protection.

Identify and choose a large object, such as a tree in the playground that is casting a shadow whose length
will be easy to measure.

Measure your height and measure the length of your shadow.

Measure the length of the tree’s shadow. You should also measure the width of the tree’s trunk, and add
half of this value to the shadow length.

Use your measurements to determine the height of the tree.

Copy and complete the table below.

Height of student (cm)

Length of student shadow (cm)

Length of tree’s shadow, plus half its trunk width (cm)

Calculation 1: Student height divided by student shadow.
Calculation 2: Multiply the number from calculation 1 with the length of the tree’s shadow. This will give you

the tree’s height.

DISCUSSION

Describe potential measurement errors in the investigation. Include reasons why the width of the tree’s
trunk is important.

Outline ways you could minimise these potential measurement errors.

Propose reasons why this experiment should be conducted in a relatively short period of time such as
15 minutes.

EXTENSION

Conduct a secondary source investigation to determine other methods that can be used to determine height.
Develop your own primary investigation based on these methods. Once these have been completed, assess
the ease and accuracy of each method.
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Doppler and the Doppler effect

One indication that an emergency vehicle is coming towards you is the noise of the
sirens wailing. As the vehicle approaches, the sound appears to change, rising in pitch
until it passes, when the pitch appears to drop drastically.

This effect is a wave phenomenon first noted by an Austrian physicist, Christian
Doppler. Today, this is known as the Doppler effect. At the time of the discovery,
Doppler was studying binary stars and the light detected from them.

At the time Doppler was working, astronomy was a laborious task. The faint images

Alamy Stock Photo/Paul Fearn

from stars were exposed to photographic plates. Once exposed, an astronomer would
need to use their sight to meticulously look for changes between the plates. Often
these differences were very subtle. The differences could be used to infer the relative
movement of the stars, including other objects they orbited.

Doppler noticed that the light spectra coming from the binaries were influenced by
the relative movement of the star. If the star was moving away from Earth it appeared

FIGURE 3.2.2 Christian Doppler was
an astronomer whose observations lead
to new ideas in the way wave properties to be red shifted. This means that the spectral pattern appeared to shift towards the

changed as the waves moved. red end of the visible light spectrum. If a star was moving towards Earth it would be

blue shifted.

o The phenomenon occurs because objects such as stars move relatively fast. When the star is moving
pitc

3 oronerty of sound towards Earth, it continually emits light. This emitted light becomes bunched up, increasing its frequenc
property y g g p g quency
\sNoauvneSlsthCe_zegéiﬂp%ch and shortening its wavelength, which takes it closer to the blue end of the spectrum. As the star moves
while a lower-frequency away from Earth, the waves spread out more, taking the frequency closer to the red end.

sound has 3 fow pitch This idea later allowed Edwin Hubble to use his observation of red-shifting galaxies as evidence for

the idea of an expanding universe, and the development of the Big Bang theory. As the Doppler effect is

binary star h 1 b it with d
3 pair of stars in orbit awave phenomenon, we can alSo opbserve 1t with sound waves.

around each other Figure 3.2.3 shows how this works with the sound made by a fire-engine. The sound waves at the

front of the fire-engine become bunched, shortening the wavelength, meaning the sound will have

red/blue shift
when spectral lines
move towards the

red or blue end of the Wavelength as
visible spectrum Wavelength emitted from Wavelength
extended the siren compressed

spectral pattern
when light is viewed
through a spectrograph,
the parts of the
spectrum have distinct
spectral lines that
represent the various
chemical elements

Wavelength ”| Wavelength

FIGURE 3.2.3 The
Doppler effect is most
noticeable when
objects making loud Pitch of siren is lower than if stationary Pitch of siren is higher than if stationary
noises, such as an
emergency vehicle,

are travelling at high Sound heard at Soulfld hea.rd at Sound heard at
speed. a lower pitch emitted pitch a higher pitch
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a higher pitch. Once the fire-engine moves past the
observer, the waves spread out, increasing the wavelength
and lowering the pitch.

Another dramatic impact of the Doppler effect
comes from supersonic planes. As the plane goes
beyond the speed of sound, the sound waves ahead of
the plane bunch up, forming a sonic boom.
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3.2.3 Doppler

ffect

FIGURE 3.2.4 A supersonic plane breaking introdt.?ctﬁ)n
the sound barrier.

3.2.4 NASA:

Doppler effect

INQUIRING

FURTHER
The study of binary stars led to a better understanding of sound waves. Research an idea from one scientific field that
had an affect on a different field. Examples could include the study of black holes leading to the development of wi-fi
technology, the research of cathode-ray tubes by Wilhelm Rontgen leading to x-ray machines for medical diagnostics

or the work of Russian chemist Constantin Fahlburg who discovered the artificial sweetener saccharine while doing
experiments with coal tar. Present your research as a multimodal presentation.

INVESTIGATION

Demonstrating the Doppler effect

To demonstrate the Doppler effect

MATERIALS

= Tuning fork

= Smartphone or tablet with a frequency detector installed

RISK ASSESSMENT
"

Pitch fork vibrations can cause damage Do not hold near your ears. ASSESSMENT

1 Strike the tuning fork so it vibrates. Measure its frequency.

2 Strike the tuning fork again, then rapidly move it back and forth towards your frequency measuring device.
3 Repeat for tuning forks of differing frequencies.

Copy and complete the table in your notebook.

WHAT YOU HEAR WHAT YOU MEASURED (HZ)

Tuning fork still

Tuning fork moving

Tuning fork still

Tuning fork moving

Tuning fork still

»
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» WHAT YOU HEAR WHAT YOU MEASURED (HZ)

Tuning fork moving

Tuning fork still

Tuning fork moving

Tuning fork still

Tuning fork moving

DISCUSSION

Describe whether there were any differences between the apparent strength of the Doppler effect. That is, was
it easier to detect with higher or lower frequencies?

INVESTIGATION

Observing atomic spectra

AIM

To observe atomic spectra lines

MATERIALS

= Gas tubes (e.g. hydrogen, helium, neon, argon, mercury)
= Spectroscope

RISK ASSESSMENT
o

ASSESSMENT  Gas tubes are fragile Handle carefully
Emitted light may be bright Do not stare at bright lights
METHOD

1 Setup the gas tubes so that they are emitting light.
2 Use the spectroscope to split the light and observe the spectral lines.

Copy and complete the table.

GAS TUBE OBSERVED COLOUR INDICATE ANY SPECTRAL LINES OBSERVED
red blue
red blue
red blue
red blue
red blue

1 Isthere any correlation between the number and arrangement of spectral lines and the position of the
element in the periodic table?

2 Discuss how a knowledge of spectral lines could be used to determine the composition of stars.
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Priestley’s experiments with oxygen

All matter in the universe is composed of chemical elements, of which 90 occur naturally. Everything you element
primary constituent
of matter that can

The periodic table is composed of more than 90 elements. These additional elements are called undergo chemical
reactions.

see and touch is made from different combinations of these 90 elements.

synthetic elements and are usually made inside particle accelerators.

One of the most important elements, particularly for living organisms, is oxygen. Oxygen is a
respiration

colourless, odourless gas that is required for respiration. It makes up 21 per cent of the atmosphere process by which
and almost half of Earth's crust, mostly combined with silicon in silicate minerals. organisms produce
Joseph Priestley (1733-1804) is often credited with the discovery of e
oxygen in 1774, when he was investigating how and why things burn. Carl
Wilhelm Scheele discovered it earlier, but Preistley published his results first.
In addition to discovering oxygen, Priestley made many discoveries, including
the rubber eraser and carbonated water. Research how synthetic elements are created.

During Priestley’s lifetime, many scientists were trying to determine what FEEn I SR A Tieg R e

elements were and what matter was made of. The chemical composition of air
was of particular interest.

One of Priestley’s experiments involved testing which gases could sustain life. In one version,
he placed a mouse and a burning flame in a sealed jar. When the flame went out, the mouse would
die. The conclusion made was that the same ‘air’ that was

L. o £e 3.2.5 Joseph
sustaining the flame was also sustaining the mouse. <=2 Priestley and
A variation on this experiment had a mouse in a sealed 2g e d'sc°gfg of
jar with a small green plant. When the jar was placed in %3 3.2.6 Joseph
sunlight, the mouse was safe. Priestley’s conclusion was g Priestley: T:e
< man who
that the plant was refreshing the air. These experiments g discovered
led Priestley to an important discovery. E oxygen
He exposed a mass of red mercuric oxide sitting in a pool g
of mercury to sunlight focused on it from a large magnifying g
glass. The mercuric oxide burned and released a gas. This [ SR =
gas produced was declared by Priestley to be better than FIGURE 3.2.5 A plaque celebrating a house
‘common’ air. Flames burned brighter in its presence and the ~ “here Priestley did much of his work.
mice lived four times as long,
Priestley ~ called  the
gas  dephlogisticated  air". 1754 1766 1772 1774 1774
Phlogiston Was 4 theoretlcal Joseph Black Henry Daniel Carl Joseph
substance in materials that discovers Cavendish Rutherford Wilhelm Priestley
burned. His idea was that this carbon discovers discovers Scheele and Carl
new gas had no phlogiston dioxide. hydrogen. nitrogen. dlb(.o“xr.’:‘ls ‘v;VIlhelm
o . ) chlorine. Scheele
in it so it allows things to discover

burn brighter. What Priestley oxygen.
had discovered was actually

oxygen. FIGURE 3.2.6 A timeline showing the discovery of some gaseous elements.
When Priestley breathed

the gas in himself, he wrote

in his book, Experiments and Observations on Different Kinds of Air, 1 fancied

that my breast felt peculiarly light and easy for some time afterwards. Who can

tell but that in time, this pure air may become a fashionable article in luxury. Research the methods used to discover one of the

Hitherto only two mice and myself have had the privilege of breathing it MBS Tl AEE =l R T 7o
research, describe the experiments the scientists

undertook. Present your research in an A4-page report.
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INVESTIGATION

Making oxygen

AIM
To make and test for oxygen

MATERIALS

= Hydrogen peroxide (3%)

= Manganese (IV) oxide

= Test tube

= Wooden splint or paddle pop stick
= Matches

RISK ASSESSMENT
0

ASSESSMENT Manganese (IV) oxide is harmful if inhaled or Ensure all students handle chemicals safely
swallowed

Testing for oxygen increases burning Only test small samples of oxygen

Place a small amount of manganese (IV) oxide in the test tube.
Add about 1 mL of hydrogen peroxide.
Loosely place a stopper in the mouth of the test tube.

N WO DN =

Light the splint, remove the stopper and carefully place the splint in the mouth of the test tube.

Copy and complete the table.

Observation when the two chemicals are mixed |

Observation when the lit splint is placed in the mouth of the
test tube

DISCUSSION

Outline reasons why this experiment might be best done as part of a group.

EXTENSION

1 Design and perform experiments to show properties of common gases such as hydrogen or carbon
dioxide.

2 Outline other ways that oxygen can be produced.
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INVESTIGATION @

Making a terrarium

A terrarium is a clear, sealed vessel, often a glass jar or plastic bottle, which can be used to make a small ecosystem.

AIM
To make a terrarium

MATERIALS

= Plastic drink bottle (2-litre bottles work best)
= Small amount of soil

= Some small pebbles

= Small seedlings

= Scissors
RISK ASSESSMENT
HAZARD MANAGEMENT
Soil may contain pathogens Wash hands after handling soil
Scissors are sharp Use scissors carefully
METHOD
1 Cutthe bottle in half
2 Place the small stones in the bottom of the bottle to a depth of about 5cm
3 Putinabout 10cm of soil
4 Plant the seedlings in the soil
5 Water the seedlings then seal the terrarium by putting the top half of the bottle over the bottom

Copy and complete the table to outline the progress of your plants over a few weeks.

_ HEIGHT OF PLANTS (cm) PERCENTAGE OF GROUND COVER | GENERAL OBSERVATIONS

Week 0
Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10

DISCUSSION

1 Describe any difficulties you encountered when preparing your terrarium.

2 The terrarium is a closed system, nothing can get in or get out. Describe how it can continue flourishing if
no materials are able to get in or out.
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Evaluating methodology

methodology There are many types of methodologies that scientists can undertake, such as those summarised in
3 way of going about an table 3.2.1
investigation able o.2.1.

TABLE 3.2.1 Scientific methodologies.

PRIMARY An investigation done directly by a scientist. These are the types of investigations
INVESTIGATION most people associate with experiments, where an individual or group conducts the
investigation and directly collects and analyses the results. An example would be the
investigation into peptic ulcers by Marshall and Warren.

FIELDWORK Where a scientist makes direct observations. Unlike a primary investigation, the observer is not
changing the conditions they are observing, merely observing the interactions. This is often
used in ecological studies, such as the celebrated work of Jane Goodall studying chimpanzees.

LOCATING Where a scientist examines the results from another scientist’s experiment. Also known as
AND USING a second-hand investigation, this is commonly used in areas such as genetics, where large
INFORMATION amounts of data can be collated and compared to work out the genes responsible for
SOURCES certain conditions.

SURVEYS Collecting data from a large selection of people. Often used in medical studies to
determine potential links between medical conditions and other factors in people’s lives.

MODELLING A technique whereby an object or phenomenon is represented to show how it works. Simple
models include diagrams, such as diagrams of cells, while some complex models replicate the
functions of the phenomenon in detail, such as a scale model of a combustion engine.

SIMULATIONS Recreates parts of the phenomenon being studied and allows aspects to be changed. The use
of simulations has become more common as computer power and speed has increased. This
is a common technique used in areas such as climate modelling.

Evaluating the objective, method and data collected

Marshall and Warren

Marshall and Warren conducted primary investigations, using biopsies and tissue cultures as part of
their research. The objective of their investigation was to establish if there was a link between H. pylori
and peptic ulcers. This was based on the observation by Warren that H. pylori was present in the biopsy
samples he was looking at.

Their methodology involved taking multiple biopsy samples, culturing the sample and testing these
samples. Once the cultures were established, they could detect for the presence of the H. pylori bacteria.

In this case the bacterium was present, or it was not. Their data suggested that a very large portion of
the patients suffering from peptic ulcers were also infected with the bacterium.

Eratosthenes

Eratosthenes used some first-hand techniques in taking his initial measurements, and second-hand
sources, such as the distance between the two cities, to help calculate his result. He also observed that
cities in different parts of Egypt cast shadows of differing angles at the same time.

Eratosthenes was able to use mathematics to do his calculations, based on the best measurements of
distance he could get. Eratosthenes was essentially using a combination of primary data (the angles he
had recorded) with secondary sources (the accepted distances between the two cities).

Doppler
Doppler was attempting to determine some of the properties of the binary stars he was observing. He
came up with his conclusions by looking at spectral images made on photographic plates. This involved
looking at hundreds of plates and noting the often-subtle changes.

Doppler was using first-hand data that he had collected and analysing it himself.
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Priestley

Priestley conducted many primary investigations as part of his study. From a historical perspective, most

evaluation
make a judgement
based on evidence

investigations were done meticulously by scientists working in isolation who would then report their
findings to institutions such as the Royal Society in the UK.
Priestley was trying to determine some of the properties of air.

justification
support an
argument

A summary of the investigations, evaluations and justifications is shown in Table 3.2.2.

TABLE 3.2.2 A summary of investigations, evaluations and justifications

INVESTIGATION

Peptic ulcers

STEPS

Objective

EVALUATE AND JUSTIFY

To determine a link between H. pylori and peptic
ulcers.

This was a valid objective as they based their idea on previous
observations.

Method

Make tissue cultures from biopsy samples.

This was an appropriate method as it was the only way to collect
evidence and show the presence of the bacterium in patients.

Data collected

Primary data collection by experimentation:
tissue cultures from biopsies before and after
antibiotic treatment.

Examining tissue cultures was an effective way to collect
primary data, and was used to establish a causal link between
the bacterium and the development of peptic ulcers.

Circumference Objective
of Earth To determine the circumference of Earth. This was important in learning more about distances on Earth
and to aid in navigation.
Method
Used a mixture of primary data: his own Eratosthenes couldn’t be in two places at once, so to
observations at Syene; and second-hand data: conduct this investigation he had to collect primary and
the distance between Syene and Alexandria. secondary data.
Data collected
The angles of shadows in wells. This was directly observed by Eratosthenes and the
many repetitions and averages he took made this a valid
measurement.
The distance between Syene and Alexandria. The distance was known by the traders who often travelled the
busy trade route.
Doppler effect Objective

To explain the apparent change in the spectral
lines of binary star system.

This was important in understanding the composition and
motion of the stars being studied.

Method

Primary data collected by careful examination of
the photographic plates.

This was the only available technique applied to collect
evidence on spectral data on stars at that time.

Data collected

Primary data: spectral lines

These lines are the evidence to determine some properties of
stars from Earth.

Existence and
properties
of oxygen

Objective

To determine the properties of the gas.

Study of gases led to fundamental knowledge of chemistry.

Method

Burning objects in the presence of oxygen.

This had enhanced the understanding of the properties of the
gas oxygen.

Seeing the effect of oxygen on mice trapped in
ajar.

This helped establish a link and provided empirical evidence
that oxygen is required for respiration.

Data collected

Primary data by experimentation: direct
observations of the effect on mice.
Priestley inhaling the gas himself.

Each observation led to an understanding of the physiological
aspects of oxygen.
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3.2.1 Different

SECTION
REVIEW

REMEMBERING

1 Describe the types of experiments that were conducted by Marshall and Warren, Eratosthenes,
Doppler and Priestley.

2 Give a brief example of a scientific experiment that could be done for each of these types of
investigations: experimental testing, fieldwork, locating and using information sources, conducting
surveys and using modelling and simulations.

UNDERSTANDING

3 Propose reasons why tissue culturing is an important biological tool.

4 Outline reasons why Eratosthenes may have had difficulties with his measurements.

5 Describe some of the difficulties Doppler might have had with his study of binary stars.

APPLYING

6 Discuss reasons why the experiments of Priestley and his contemporaries would not be allowed in
the modern world.

7 Select an experiment not studied in this chapter section; for example, the work of Galileo, Pasteur or

types of scientific Bohr. Identify the methodology used and evaluate why the scientist chose that methodology. As part
investigations of your evaluation, identify the type of data collected, why they were collected the way they were

and how the investigation was reviewed by the scientist's peers.

@ Student investigation

In the previous section, we looked at different examples of scientists who solved problems in a variety
of ways. In this section, you will apply a vigorous scientific methodology to a problem you choose.
Remember you need to:

1 develop a method that is appropriate
2 justify the use of this method to test the hypothesis.

Below are some examples of questions that could be tested or you could develop your own question.

Possible questions

»  Biology: Which types of fruits have the highest percentage of water?
»  Chemistry: How is iron extracted from raw materials?
»  Physics: At what rate do radioactive materials decay?

» Psychology: What are the characteristics of people who play videogames more than 10 hours
each week?
These questions will be scaffolded to help you develop your investigation using the tables on the
following pages. Under your teacher’s guidance, you may consider using this section to help complete
your depth study.

Scientific method

The scientific method refers to any process undertaken to answer or explain a question.
1 Make an observation

2 Develop a question

3 Make a hypothesis
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Design your experiment

Perform your experiment

o~

Accept or reject the hypothesis

Develop a method that could be used to test your idea. Copy and complete the table below to help to
scaffold your investigation, or copy one of those provided for the example experiments.

PLANNING

What is your question?

What is your methodology?

What is your aim?

What is your hypothesis?

What materials will you need?

What steps do you think your method
will have?

DESIGNING YOUR EXPERIMENT — PLANNING FOR TESTING FRUITS

What is your question? Which types of fruits have the highest percentage of water?

What is your methodology? Primary investigation

What is your aim? To determine the percentage of water in different types of fruits
What is your hypothesis? Fruits used in commercially made juices, such as orange and apple,

will have the highest percentage of water.

What materials will you need? Different fruits: oranges, apples, strawberries, bananas and so on
What steps do you think your method = Measure the masses of fruit samples
will have? O

Use a method to remove water from the fruit, such as a food dehydrator

= Calculate the difference in mass and determine the percentage of
mass lost

DESIGNING YOUR EXPERIMENT — PLANNING FOR INVESTIGATING IRON

What is your question? How is iron extracted from raw materials?

What is your methodology? Locating and using information sources (second-hand investigation)
What is your aim? To research the processes involved in producing iron

What is your hypothesis? Producing iron on an industrial scale is a complex and expensive process
What materials will you need? Internet access, chemistry textbooks

What steps do you think your method Research the process using primary and secondary sources

will have?

DESIGNING YOUR EXPERIMENT — PLANNING TO STUDY RADIOACTIVE DECAY

What is your question? At what rate do radioactive materials decay?

What is your methodology? Use a simulation to model the rate at which radioactive substances decay
What is your aim? To demonstrate the rate at which radioactive materials decay
What is your hypothesis? The decay will occur exponentially

What materials will you need? Internet access

erllar: ste;;s do you think your method Run the simulation and record all data

will have?
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DESIGNING YOUR EXPERIMENT — PLANNING TO SURVEY VIDEO GAME PLAYERS

What is your question? What type of people play video games more than 10 hours
each week?

What is your methodology? Conduct a survey

What is your aim? To determine the type of people who play video games

What is your hypothesis? Teenage boys will play videos games more than other groups

What materials will you need? = Alarge and diverse group of people

= Asurvey about gaming habits

What steps do you think your method Survey students using either a written survey or an online tool such
will have? as Survey Monkey or Google Forms
Collate the survey data using a spreadsheet

INQUIRING
FURTHER

Compare the way the scientific method is applied in different areas of science. For example, compare the field
techniques used in biology and earth science with lab techniques in chemistry and physics. Present your information
as a poster.

SECTION
REVIEW

REMEMBERING

1 State the main steps in the scientific method.
UNDERSTANDING
2 Explain why some experiments are not able to be done effectively as a primary investigation.

APPLYING

3 Outline some difficulties you might experience when designing and conducting your
own experiment.

@ Validity and reliability

In any experiment, scientists make sure their idea can be tested properly and that their experiments can

3.3.1 Reliability be replicated. In most experiments, the investigation is conducted and the results will either confirm or
and validity deny the hypothesis. If the hypothesis is disproved, then the scientists should go back and rethink their
hypothesis.
Unfortunately, some scientists do not follow the scientific method when
INQUIRING . . . . .
conducting experiments, which can lead to false or misleading data. In

some extreme cases, experimental data has been falsified to fit the original

Create a factsheet that outlines how one area of . . . .

R hypothesis. One example is the use of thalidomide, a drug used to reduce
research not mentioned in this section has been
manipulated by false or misleading data. Some the effects of nausea in pregnant women. While it may have reduced nausea,
examples include the Effec"f°fmicr°bead5 on it also caused debilitating birth defects. Another example was a study that
marine ecology; the work of Dong Pyou Han . . . . . .
el Ea e g i T A S e e tried to link the MMR vaccine with autism, which was later shown to have

experiments; and the Piltdown Man hoax by Charles manipulated data.
Dawson.
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One of the most important things you can do in an investigation is ensure that it is valid and reliable. Valid
refers to whether the investigation is a fair test. It refers to the methodology used in the experiment and
the technology selected to collect the data. This has a few aspects, such as, is your experiment actually
going to test what you are trying to find? Will it test your hypothesis? For example, does the colouring of
food dye affect the time it takes for water to boil?

Reliability refers to how easily an experiment can be repeated, and when it is repeated, whether the
results are consistent. In terms of second-hand resources, it can refer to whether the information across
many resources is consistent.

The independent variable is the factor of an experiment that is deliberately changed. In the example
of boiling water, we are changing the colour of the food dye.

The dependent variable is the factor that is being measured in the experiment. In our example, this is
the time taken for the water to boil.

All other factors are the controlled variables. These are the factors of your experiment that must be
kept the same for your experiment to have validity. In our example, you should have identical equipment,
the water must start at the same temperature and the same amount of heating should be used.

valid

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

reliability

whether the
experiment can be
repeated and give the
consistent results

independent
variable

the factor of an
experiment that is
deliberately changed

dependent
variable

factor measured in the
investigation

Controlled variables are important as they allow the scientist to focus on the hypothesis.

It is also important that a scientist is able to accurately read measurements from equipment such as
thermometers. This information also has to be accurately recorded. In most experiments, this is done
with a results table. Depending on the experiment these results may be put into a graph or another visual

representation.

controlled
variables

the factors of an
experiment kept
constant to ensure a
valid test

One of the most important things for a scientist to do is to repeat the experiment a number of times.

This means that they will know that their results are reliable.

TABLE 3.4.1 Definitions of scientific terms

TERM

Validity — in a practical
investigation

WHAT IT IS

= Afair test
= Tests the hypothesis

= Relates to the method
followed and the
technologies used to collect
data as evidence to prove or
disprove the hypothesis

WAYS TO ENSURE IT HAPPENS

= Controlling all variables other
than what is being changed

= Choose the appropriate
technology to collect data

EXAMPLE

When investigating which balls
bounce the highest, all balls
were dropped from the same
height and dropped onto the
same surface

Reliability - in a practical
investigation

Whether the results will be
similar when you repeat the
experiment

Conducting more trials that
have consistent results to
reduce error

Each ball was dropped 10 times.
All the measured heights for each
ball were close to each other

Validity - in secondary sources
research

The research is written by
an expert in the field and
up-to-date

= Ensure the author is
recognised

= Check whether more recent
research has been done

= Check whether other
scientists agree with what is
written

= Aposton an Internet blog
without references may not
be accurate

= Average rainfall and
temperatures from 1870 to
1879 may not be useful when
making rainfall predictions
today

Reliability — in secondary
sources research

Whether the information is
consistent across all secondary
sources

Ensuring the sources are
reputable, such as sources from
universities or government
organisations

Meteorological data from
the Bureau of Meteorology,
at bom.gov.au

Accuracy

How precise your
measurements are

Selecting equipment that is
appropriate and calibrated for
the intended measurements

When measuring volumes of
chemicals, using a measuring
cylinder with smaller
graduations
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ecological

relating to the
interactions of species
within an environment
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Below are some examples of scaffolds you can use when testing the validity and reliability of your experiments.
You can copy and complete the blank version, or copy one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — VARIABLES AND CONTROLS

Independent variable

Dependent variable

Controlled variables

DESIGNING YOUR EXPERIMENT — VARIABLES AND CONTROLS
Biology: Which types of fruits have the highest percentage of water?

Independent variable The types of fruits

Dependent variable Amount of mass lost

Controlled variables

The same method of dehydration is used

DESIGNING YOUR EXPERIMENT — VARIABLES AND CONTROLS

Chemistry: How is iron extracted from raw materials?

Independent variable

Not applicable

Dependent variable

Not applicable

Controlled variables

Not applicable

DESIGNING YOUR EXPERIMENT — VARIABLES AND CONTROLS

Physics: At what rate do radioactive materials decay?

Independent variable

The radioactive elements used in the simulation

Dependent variable

The rate of decay

Controlled variables

The same simulation is used

DESIGNING YOUR EXPERIMENT — VARIABLES AND CONTROLS

What type of people play video games more than 10 hours each week?
Is playing videos more than 10 hours a week age related?

Independent variable

Age of people being surveyed

Dependent variable

Number of hours per week playing video games

Controlled variables

The same questionnaire is used

In the chemistry example above, the investigation is using second-hand data such as books and
Internet resources, hence, there are no variables to consider.

When considering the design of an investigation, it is important for a scientist to ask two questions.
First, how much data should I collect? Second, how often should I collect the data?

Sampling is a method scientists use to collect data by gathering information from a small section of
a total group.

Sampling in biology
In many ecological investigations, it is essential for a scientist to understand the environment they are
working in. To achieve this, scientists will try to estimate the sizes of populations.

Going through an area and counting each species is extremely time consuming and, in the case
of animal species, fruitless, as most animals are reasonably mobile and will run at the first sign of a



potential predator. Instead, scientists have developed sampling techniques that look at a section of the
environment they are studying, and use these samples to estimate the wider population.

Quadrats

A quadrat is a frame that is used to randomly examine an area and estimate the abundance of species in
that area.

Most quadrats that students will use are 1 m® A quadrat is randomly dropped in the area being
examined, and the number of species within the quadrat are counted. This is done in a few areas and the
data extrapolated from there.

For example, if a chosen location has an area of 100 m* then the quadrat might be placed in five
random zones, as shown in the diagram below.

FIGURE 3.4.1 A

quadrat of an area
\V \‘/ of 100 m?, using five

\V \V random zones.

Ky

'
0 %

A%

TABLE 3.4.2 Sample data collected from a quadrat

QUADRAT (1 m?) NUMBER OF SPECIES
1 1
2 0
3 3
4 1
5 2
Total area 5 m? Total species 7

We can use the expression below to estimate the population in the entire area
being studied.

. . total number in quadrats total area studied
Estimated population = X

total number of quadrats total area of quadrats

quadrat

3 process by which a
small area is examined
to estimate the
population of a species
within a larger area
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We can then complete our calculation of the population sample.
7, 10

Estimated population

28

estimation
a rough calculation of

the value of something The more quadrat samples a scientist takes, the more accurate the estimation will be. However, the

researcher must balance this with the time it takes to undertake each sample.

capture-recapture

a method to estimate Capture-recapture

the population size by

trapping them in a small Quadrat sampling works well with species such as plants, as when the quadrat is randomly dropped, the
[ th . . . . . .

ifj‘ﬁﬁ aesx‘tn%po‘ea?ng species will not run away. The capture-recapture method involves setting up traps for animal species. The

the total population trapped species are tagged and released.

Quadrat sampling

To conduct a quadrat sample of an area within the school

MATERIALS

A1 m? quadrat
Trundle wheel
An area with abundant plant life

A digital camera to take photos of each quadrat

RISK ASSESSMENT

RISK
ASSESSMENT Some areas outdoors may have trip hazards Be aware of potential trip hazards such as low branches or

uneven ground

Exposure to UV radiation may burn the skin Wear a hat and sunscreen

Select an appropriate area.

Use the trundle wheel to measure out the dimensions of the entire sample area, then record the
area’s size.

Use the quadrat to randomly selective five areas. Where practical, these areas should be spread throughout
your overall sample area.

Record the number of a species within each quadrat. Depending on the location, you may be looking at an
individual species or a type of plant, such as a small shrub or large tree.

Copy the table below to record your results, then estimate the total plant population.
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) RESULTS

Copy and complete the table.

QUADRAT NUMBER OF SPECIES

1
2
3
4
5

Total of all samples

Estimate total population from the samples:

DISCUSSION

T Describe any issues encountered in doing this investigation.
2 Assess the effectiveness of quadrats as a sampling technique.

EXTENSION

Resample the area using a larger number of quadrats. Compare your results and discuss issues in using the two
sample sizes.

L L 0

|

Simulating capture-recapture methods

AIM
To conduct capture-recapture simulations

MATERIALS

= 40 large paperclips
= Bar magnet
= A capture-recapture simulation

Use an online simulation.
Follow the instructions of the simulation and record your results.
Place the 40 paperclips in a large jar.

N ON =

Drop a small bar magnet into the jar, gently shake the jar then remove the magnet with the paperclips
attached.

Tag the captured paperclips by marking the ends with a marker.
Return the tagged paperclips to the jar and then repeat step 4.
Use your data to estimate the population of the paperclips.

0 N o O

Repeat your capture-recapture at least two more times. »
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» RESULTS

(number in second sample) x (number in first sample)

Estimated population =

For example:

number tagged in sample 2

16 paperclips collected in first sample, tagged then released
20 paperclips were then collected in the second sample

8 of the second sample had been tagged

estimated population = 20x16 =40
ESTIMATED
TRIAL SAMPLE 1 SAMPLE 2 TAGGED IN SAMPLE 2 POPULATION
1
2
3

DISCUSSION

T Discuss ways this investigation could be improved.

2 Compare and contrast the use of the online simulation with the paperclip simulation.

Designing your experiment

Below are some examples of scaffolds you can use when designing the sample of data in your experiment.
You can copy and complete the blank version, or copy one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — SAMPLING

What sort of data are you collecting?

How much data will you collect?

How will you organise this data?

DESIGNING YOUR EXPERIMENT — SAMPLING

Biology: Which types of fruits have the highest percentage of water?

What sort of data are you collecting?

Primary data

How much data will you collect?

At least three samples of each fruit

How will you organise this data?

DESIGNING YOUR EXPERIMENT — SAMPLING

In a results table that can be manipulated in a spreadsheet

Chemistry: How is iron extracted from raw materials?

What sort of data are you collecting?

Second-hand data

How much data will you collect?

Consistent data from at least three reliable sources

How will you organise this data?
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DESIGNING YOUR EXPERIMENT — SAMPLING

Physics: At what rate do radioactive materials decay?

What sort of data are you collecting?

Numerical data from the simulation

How much data will you collect?

At least three different data sets

How will you organise this data?

DESIGNING YOUR EXPERIMENT — SAMPLING

In a results table that can be manipulated in a spreadsheet

What type of people play video games more than 10 hours each week?

What sort of data are you collecting?

Numerical data based on the survey

How much data will you collect?

At least five surveys from the different age and sex ranges

How will you organise this data?

The cost of science

In a results table that can be manipulated in a spreadsheet

The biggest and most expensive piece of science equipment ever made is the Large Hadron Collider.
When construction was finished in 2008, it had cost 9 billion US dollars, with running costs of about
1 billion USD per year. The costs of expensive scientific equipment such as the Large Hadron Collider

lead people to question why such equipment needs to be built and what benefits it will provide society.
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of scientific equipment ever built.

FIGURE 3.4.2 The Large Hadron Collider is the biggest and most expensive piece

INQUIRING
FURTHER
Research the discoveries that led to the discovery

of the Higgs boson. Use the research to create an
annotated time line.

FURTHER
During the‘space race’in the middle of the 20th
century, many people questioned why so much
money was spent sending people into space and
to the Moon. Research inventions that were first
developed for rocket technology that are now in

common use. Share your research as a five-minute
presentation.

[T

While experiments such as those done by the Large Hadron Collider are rare, cost is an important

factor when planning any investigation. Some things to think about are:

1 Is the equipment you are using easily available?

2 Do you need to spend money on any equipment? If your experiment is going to cost too much

money, then you might have to rethink your question.

3 Is anything in your experiment a large risk? If part of your experiment is too dangerous then you

might want to rethink your question.

4 Lastly, do you know how to use the equipment you need to use for the experiment?
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Below are some examples of scaffolds you can use to determine the equipment requirements and
knowledge you will need for your experiments. You can copy and complete the blank version, or copy
one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — USING EQUIPMENT

Is the equipment easily available?

Is the equipment costly?

What is the risk of using the equipment?

Have you used this equipment before?

DESIGNING YOUR EXPERIMENT — USING EQUIPMENT
Biology: Which types of fruits have the highest percentage of water?

Is the equipment easily available? Yes

Is the equipment costly? No. While food dehydrators are expensive, an oven on
low heat can substitute

What is the risk of using the equipment? An oven, even on low heat, can cause burns

Have you used this equipment before?

DESIGNING YOUR EXPERIMENT — USING EQUIPMENT

Chemistry: How is iron extracted from raw materials?

Is the equipment easily available? Yes

Is the equipment costly? No. The school library can give you free access to books
and Internet resources

What is the risk of using the equipment? None

Have you used this equipment before?

DESIGNING YOUR EXPERIMENT — USING EQUIPMENT

Physics: At what rate do radioactive materials decay?

Is the equipment easily available? Yes

Is the equipment costly? No. Many simulations are free to use on the Internet
What is the risk of using the equipment? None

Have you used this equipment before?

DESIGNING YOUR EXPERIMENT — USING EQUIPMENT
What type of people play video games more than 10 hours each week?

Is the equipment easily available? Yes

Is the equipment costly? No. A survey can be done through interview or by using
an online survey tool

What is the risk of using the equipment? None

Have you used this equipment before?

Science and ethics

The objective of science can be perceived as seeking ways to make the lives of people better. For example,

ethical improving health or making the workplace safer. Many areas of research can raise ethical issues.
whether what is being
done conforms to good
standards of behaviour

For example:
»  Should embryonic stem cells be used in biological research?
»  Should we genetically modify food?

Should drugs or other materials be tested on animals?
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Itisimportant that scientists consider the ethical implications of what they are researching. Questions
that scientists need to consider include:

»  Will this research help people?
»  Will this research cause harm?

» Isthe research beneficial?

When construction had finished on the Large Hadron Collider, there was INQUIRING
. . FURTHER
some concern that the energies produced and the unknown areas of particle
physics could initiate the creation of unknown entities such as mini black holes. Research reasons why the scientific community was
While the chances of something happening were infinitesimally small, some  slowtoaccept the work of Marshall and Warren. In

. . . your research, inquire further into the role of human
people argued that the potential harm to society was not worth the risk. irials in the acceptance of a scientific theory, Present

When scientists undertake research, it is important for them to consider the your research as a report.
risks and to reflect on the ethical implications.

Peptic ulcers and human trials

The work of Marshall and Warren raised many ethical issues, particularly when Marshall tested his
hypothesis on himself. Even though they confirmed the link the between the H. pylori bacterium and
chronic peptic ulcers, many of their peers took a long time to accept their research.

Priestley, oxygen and animal testing

Morals and ethics can change over time as society progresses and changes, often re-assessing religious moral

. .. . . . . a judgement about
and cultural beliefs. This is why ethical considerations are not simply an argument of good versus bad, as A, being
these ideas are often based on personal opinion. done is good or bad

Joseph Priestley’s research involved using animals. Many mice were used to show the existence of
dephlogisticated” air. If Priestley conducted his research today, he would be under intense pressure
to ensure no undue harm came to the animals in his experiments. However, during Priestley’s time it
was acceptable to use animals in research and scientists rarely considered any harmful effects on their
test subjects.

It wasn't long ago that products such as cosmetics were regularly tested on animals such as rabbits
and monkeys. Today, most countries have abolished these practices, as they are deemed to be cruel. In
Australia, this is governed by a set of rules called the Australian code for the care and use of animals for
scientific purposes’. It outlines the ways in which scientists can use animals in their research.

Below are some examples of scaffolds you can use when considering any ethical implications. You
can copy and complete the blank version, or copy one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — ETHICAL CONSIDERATIONS

Are there any aspects of your experiment that could be
deemed unethical?

DESIGNING YOUR EXPERIMENT — ETHICAL CONSIDERATIONS

Biology: Which types of fruits have the highest percentage of water?
No

Are there any aspects of your experiment that could be
deemed unethical?

DESIGNING YOUR EXPERIMENT — ETHICAL CONSIDERATIONS

Chemistry: How is iron extracted from raw materials?

Are there any aspects of your experiment that could be | No

deemed unethical?
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DESIGNING YOUR EXPERIMENT — ETHICAL CONSIDERATIONS
Physics: At what rate do radioactive materials decay?
No

Are there any aspects of your experiment that
could be deemed unethical?

DESIGNING YOUR EXPERIMENT — ETHICAL CONSIDERATIONS

What type of people play video games more than 10 hours each week?

Are there any aspects of your experiment that Yes, some individuals may not feel comfortable in talking about

could be deemed unethical? how they spend their leisure time and it would be unethical to force
them to. Ensure participants know exactly what they might be
asked as part of the survey and that they can withdraw at any time.

FURTHER
Investigate areas of scientific research that have been
influenced by ethical considerations. Possible areas could be
genetic engineering in humans, animal cloning or genetically
modified plants. Present your research as a factsheet that could

be used to inform people about the use, risks and benefits of
the research.
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INQUIRING
FURTHER

i

View the movie Gattaca (or any similar film that showcases
science and ethics). Assess the use of technology shown in
the movie and whether it may become commonplace in the
future, if it hasn't already. Share your research as a five-minute
presentation.

FIGURE 3.4.3 Many areas of modern
scientific research need to be monitored
by ethical principles.

Timeframes

An important skill for a scientist is the ability to predict how long research may take. Most of the
experiments you are used to doing probably take a relatively short period, as in the time it takes for
reactions to occur. However, an experiment such as Priestley’s took years to complete.

You should be planning for an experiment that takes no longer than a few weeks. Below are some
examples of scaffolds you can use to predict the timeframe of your experiments. You can copy and
complete the blank version, or copy one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — TIMEFRAMES

How long do you predict your investigation will take?

DESIGNING YOUR EXPERIMENT — TIMEFRAMES

Biology: Which types of fruits have the highest percentage of water?

How long do you predict your investigation will take? = Half a day to purchase and prepare fruit

= Three days for the experiment (one day for each of
the three trials)

= One day to collate results
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DESIGNING YOUR EXPERIMENT — TIMEFRAMES

Chemistry: How is iron extracted from raw materials?

= One day of research at a library
= Two days to synthesise the research and prepare a report

How long do you predict your investigation
will take?

DESIGNING YOUR EXPERIMENT — TIMEFRAMES

Physics: At what rate do radioactive materials decay?

How long do you predict your investigation = Half a day to construct data tables for the results
will take? = Half a day to run simulations and record results
= One day to synthesise results and prepare a report

DESIGNING YOUR EXPERIMENT — TIMEFRAMES

What type of people play video games more than 10 hours each week?

How long do you predict your investigation will take? | = Half a day to prepare the survey
= Two days to find participants and survey them
= One day to synthesise results and prepare a report

These timeframes are just estimates and you may find that, depending on different factors, your final
timings may be different. This might be due to unforeseen circumstances that require you to change or
redesign parts of your investigation.

Many of the important historical discoveries that fill textbooks were made by individuals labouring away
in their workshops. Examples include scientists such Galileo, Newton and Einstein.

imagefolk/Mary Evans Picture
Library/Weimar Archive

Alamy Stock Photo/World History Archive
Alamy Stock Photo/World History Archive
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FIGURE 3.4.4 Three of the most famous scientists to have lived — Galileo, Newton and Einstein — mostly worked alone.

The majority of modern and contemporary science is done collaboratively. For example, while
Marshall and Warren started individually, with Robin Warren noticing the H. pylori on tissue
samples, he later started working with Barry Marshall and their teamwork allowed them to progress
at a quicker rate.

One consideration for teamwork is that if you work in a group, then you can use the different skills
your team possesses. Some people in your group may be adept at using and manipulating scientific
apparatus, while others may be good at recording and analysing data.

Below are some examples of scaffolds you can use when determining whether to work individually or
as a team. You can copy and complete the blank version, or copy one of those provided for the example
experiments.
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DESIGNING YOUR EXPERIMENT — WORKING ALONE OR TOGETHER

Will you need the skills of other people to complete
your investigation?

DESIGNING YOUR EXPERIMENT — WORKING ALONE OR TOGETHER

Biology: Which types of fruits have the highest percentage of water?

Possibly. A group will spread the cost of the fruit
required and may help in when collating the data.

Will you need the skills of other people to complete
your investigation?

DESIGNING YOUR EXPERIMENT — WORKING ALONE OR TOGETHER

Chemistry: How is iron extracted from raw materials?

Possibly. The initial research could be spread among a
group.

Will you need the skills of other people to complete
your investigation?

DESIGNING YOUR EXPERIMENT — WORKING ALONE OR TOGETHER

Physics: At what rate do radioactive materials decay?

Possibly. A group could allow for more trials of the
simulation.

Will you need the skills of other people to complete
your investigation?

DESIGNING YOUR EXPERIMENT — WORKING ALONE OR TOGETHER

What type of people play video games more than 10 hours each week?

Possibly. Time taken to conduct a survey may be
drastically reduced.

Will you need the skills of other people to complete
your investigation?

Primary and secondary data
FURTHER

When we talk about primary data, we are essentially talking about data you

Research reasons why a lot of modern-day research ) ' o
is difficult to do on your own. Give specific examples have collected yourself during an investigation. Secondary data are data that

of research that cannot be done individually, such you collect from sources other than a primary investigation.

as the work done at the Large Hadron Collider or . .
at the Australian Nuclear Science and Technology In genera‘l’ you will be collectmg one of two types of data.

Organisation (ANSTO). Present your research as a 1 Quantitative data - which are data that can be measured by a number, such

oster. .
P as temperature or time.

2 Qualitative data — which are data that cannot be expressed as a number,
primary data such as what football team a person supports.
data you have collected In practice, most of the data you will be collecting will be quantitative.
yourself

secondary data Interpreting data

data collected by other
people and published Once you have completed the investigation, it is time to see what the investigation has shown. Usually,
you present your data as a table, which was filled in as the investigation progressed.

The data below is from a simple investigation where the rate of change of temperature was measured
against time.

While it is possible to make conclusions from this data, in most cases the data are easier to interpret
if they are converted into a graph.

When you look at Figure 3.4.5, it is easier to read and interpret the data than by only looking at

Table 3.4.3. For example, the temperature only rises a little at the start, but by the third minute, the rate
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TABLE 3.4.3 Change of temperature over time for one Rate of temperature change

data set. A
120 H

TIME (minutes) TEMPERATURE (°C)
0 24 100 +
1 25

—~ 80
2 28 e

v

35
3 33 E 60
4 44 ‘é
5 57 2 404
6 73 .
7 95
8 100 0 T T T T T T T T T -

0 1 2 3 4 5 6 7 8 9 10

9 100 Time (minutes)
10 100

FIGURE 3.4.5 Data are easier to read and interpret on a graph

of temperature increases significantly until it levels off as the temperature approaches 100°C. Not only
does the graph make it easier to see relationships, it is a useful aid in trying to explain the results to
other people.

Sometimes it is also necessary to show multiple data sets on the one graph. This will allow you to
easily compare dependent variables. The example below shows a set of data from the heating water with
different food dyes experiment we briefly discussed earlier.

In this case, the graph (Figure 3.4.6) has all four sets of data and clearly shows that in this investigation,
the water with blue food dye heated quicker.

TABLE 3.4.4 Change of temperature over time for multiple data sets.

TIME (minutes) TEMPERATURE (°C)

No dye Yellow Red Blue
0 24 24 24 24
1 25 25 26 26
2 28 28 30 31
3 33 33 38 41
4 44 46 49 53
5 57 59 63 70
6 73 77 79 88
7 95 95 95 100
8 100 100 100 100
9 100 100 100 100
10 100 100 100 100
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FIGURE 3.4.6

Graphing data makes Effect of food dye on heating

it easier to compare 1
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100
< 80
g
S
‘é’ 60 -
9]
Q
€ 40
'_
20 +
0 T T T T T —
0 2 4 6 8 10 12

Time (minutes)

—— Nodye =——Bluedye =——Reddye - Yellow dye

The graph clearly compares the data sets and shows that the water containing blue food dye heated
faster than the others. This would have to be repeated a number of times.

Below are some examples of scaffolds you can use when interpreting the data from your experiments.
You can copy and complete the blank version, or copy one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — INTERPRETING DATA

Are your experimental data in a table?

Can your data be graphed?

What relationship does your graph show?

DESIGNING YOUR EXPERIMENT — INTERPRETING DATA

Biology: Which types of fruits have the highest percentage of water?

Is your experimental data in a table? Yes

Can your data be graphed? Yes

What relationship does your graph show?

DESIGNING YOUR EXPERIMENT — INTERPRETING DATA

Chemistry: How is iron extracted from raw materials?

Is your experimental data in a table? No

Can your data be graphed? No

What relationship does your graph show?

DESIGNING YOUR EXPERIMENT — INTERPRETING DATA

Physics: At what rate do radioactive materials decay?

Is your experimental data in a table? Yes

Can your data be graphed? Yes

What relationship does your graph show?
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DESIGNING YOUR EXPERIMENT — INTERPRETING DATA

What type of people play video games more than 10 hours each week?

Is your experimental data in a table? Yes

Can your data be graphed? Yes

What relationship does your graph show?

Explaining your results

Once you have analysed the data, it is time to explain your results. Essentially you are answering the
question: what did the data show?

In the food dye example above, the results showed that the food dye had an effect on the heating rate
of the water. The blue food dye seemed to heat the water up more. However, as this only shows one trial,
you would require more tests to confirm your results.

Once you have established what the data show, you might try to explain why this happened. In this
case, a possible explanation might be that the blue food dye absorbed the heat more efficiently. Your
explanations may develop as you repeat the experiment to confirm the data.

Your results may also prompt you to think of new areas of potential research. In the food dye
experiment, you might want to see if different brands of food dye produce similar results.

Below are some examples of scaffolds you can use when explaining the results of your experiments.
You can copy and complete the blank version, or copy one of those provided for the example experiments.

DESIGNING YOUR EXPERIMENT — EXPLAINING YOUR RESULTS

What trends does your data show?

Explain your results |

DESIGNING YOUR EXPERIMENT — EXPLAINING YOUR RESULTS

Biology: Which types of fruits have the highest percentage of water?

What trends does your data show? Fruits in general have high water content

Explain your results Fruits that appeared to be ‘juicier’ such as watermelon
do in fact have a higher water content

DESIGNING YOUR EXPERIMENT — EXPLAINING YOUR RESULTS

Chemistry: How is iron extracted from raw materials?

What trends does your data show? The data are qualitative

Explain your results -

DESIGNING YOUR EXPERIMENT — EXPLAINING YOUR RESULTS

Physics: At what rate do radioactive materials decay?

What trends does your data show? Radioactive materials decay exponentially

Explain your results Radioactive decay is governed by the property of half-
life. In a given period, half the material will decay
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DESIGNING YOUR EXPERIMENT — EXPLAINING YOUR RESULTS

What type of people play video games more than 10 hours each week?

What trends does your data show? People with active lifestyles play less video games

Explain your results Athletic people spend more time outdoors

Did you test what you intended to test?

Part of the reflection of your methodology should be the basic question, did you test your hypothesis?
This is important when it comes to the validity of your experiment.

Were your measurements reliable? It is also important to judge whether there were errors in your
experiments, and whether these errors affected your results.

Below are some examples of scaffolds you can use when confirming the validity and reliability of
your experiments. You can copy and complete the blank version, or copy one of those provided for the
example experiments.

VALIDITY AND RELIABILITY OF RESULTS

Was your investigation valid?

Did you test your hypothesis?

Were your results consistent?

How did you reduce experimental errors?

VALIDITY AND RELIABILITY OF RESULTS

Biology: Which types of fruits have the highest percentage of water?

Was your investigation valid? Yes
Did you test your hypothesis? Yes
Were your results consistent? Yes
How did you reduce experimental errors? Each trial was done under similar conditions

VALIDITY AND RELIABILITY OF RESULTS

Chemistry: How is iron extracted from raw materials?

Was your investigation valid? Yes

Did you test your hypothesis? Yes

Were your results consistent? The information from the secondary sources was similar

How did you reduce experimental errors? Confirmed that the information from the secondary sources
was similar across many journals and websites researched

VALIDITY AND RELIABILITY OF RESULTS

Physics: At what rate do radioactive materials decay?

Was your investigation valid? Yes

Did you test your hypothesis? Yes

Were your results consistent? Yes

How did you reduce experimental errors? Using appropriate technology to collect data and increase
the repetition of trials
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VALIDITY AND RELIABILITY OF RESULTS

What type of people play video games more than 10 hours each week?

Was your investigation valid? Yes
Did you test your hypothesis? Yes
Were your results consistent? Yes
How did you reduce experimental errors? Had at least five people in each survey group

Can you improve?
At this point of your investigation, it is useful to reflect on what you have done and whether you could
improve your methodology. Any investigation should endeavour to collect data that are as accurate
as your equipment will allow. However, there may be ways that you could modify your investigation
to increase its accuracy, validity and reliability. This is an important step for scientists to refine their
experiments and hypotheses.

Below are some examples of scaffolds you can use to try to improve your experiments. You can copy
and complete the blank version, or copy one of those provided for the example experiments.

CAN YOU IMPROVE?
What can you improve in your investigation?

CAN YOU IMPROVE?

Biology: Which types of fruits have the highest percentage of water?

What can you improve in your investigation? = Compare varieties of the same fruit to determine if
there are differences within varieties

= Compare if there is a difference when a fruit is in
season compared with not in season

CAN YOU IMPROVE?

Chemistry: How is iron extracted from raw materials?

What can you improve in your investigation? Look at more primary sources to determine if there are

variations in the data

CAN YOU IMPROVE?

Physics: At what rate do radioactive materials decay?

What can you improve in your investigation? Use a range of simulations to determine if there are
differences between the algorithms used in each

CAN YOU IMPROVE?

What type of people play video games more than 10 hours each week?

What can you improve in your investigation? = Use a larger number of participants

= Consider other variables such as demographics

Does the investigation help humanity?

The company 3M, (formerly the Minnesota Mining and Manufacturing company), has invented many
things people use every day. However, probably their most famous innovation is the Post-it Note. Little
pieces of paper used for notes which will stick to most surfaces, but can easily be removed and stuck
somewhere else.

Spencer Silver, a scientist working for 3M, was attempting to make an extremely strong adhesive when
he developed a slightly sticky adhesive that left minimal residue instead. The slightly sticky adhesive
would eventually prove to be more useful. This example shows that while not every experiment will be
ground-breaking, they may still have positive implications for society.

9780170411264 CHAPTER 3 » SCIENTIFIC INVESTIGATIONS 75



INQUIRING
FURTHER
Research a scientific discovery that had a positive impact on humanity. Examples may include Alexander Fleming's

discovery of penicillin, the development of the mechanical clock or the discovery of Teflon. Share your research in a
five-minute presentation.

Below are some examples of scaffolds you can use when considering whether your experiments
have any implications for humanity. You can copy and complete the blank version, or copy one of those
provided for the example experiments.

Does your investigation have any implications for the
wider world?

WHERE TO NOW?

Biology: Which types of fruits have the highest percentage of water?

Does your investigation have any implications for the
wider world?

People such as athletes can now select fruits that offer
better hydration

WHERE TO NOW?

Chemistry: How is iron extracted from raw materials?

Does your investigation have any implications for the
wider world?

It may be possible to determine if some methods are
more efficient than others

WHERE TO NOW?

Physics: At what rate do radioactive materials decay?

Does your investigation have any implications for the Increasing our understanding in the way radioactive
wider world? materials decay could help with storing radioactive
waste

WHERE TO NOW?

What type of people play video games more than 10 hours each week?

Does your investigation have any implications for the
wider world?

People may become more aware of the implications of
playing video games for extended periods

After you have done your background research, you may want to test another scientist's results
to confirm that they performed their research accurately. In some cases, there may have been many
experiments done and most your research will involve looking at secondary source data. That is, looking
at large amounts of data and using it to draw new conclusions.

Planning your own investigation

A successful investigation involves alot of planning and thinking. The scaffold on the following pages uses
the ideas from the previous discussions to help you plan an investigation. You can use this to conduct an
investigation of your own. You might even use this to help frame your depth study.
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Your own investigation

PLANNING

What is your question?

What is your methodology?

What is your aim?

What is your hypothesis?

What materials will you need?

What steps do you think your method will have?

VARIABLES AND CONTROLS

Independent variable

Dependent variable

Controlled variables

SAMPLING

What sort of data are you collecting?

How much data will you collect?

How will you organise this data?

USING EQUIPMENT

Is the equipment easily available?

Is the equipment costly?

Are there any risks to using the equipment?

Have you used this equipment before?

ETHICAL CONSIDERATIONS

Are there any aspects of your experiment that could be
deemed unethical?

TIMEFRAMES

How long do you predict your investigation will take?

WORKING ALONE OR TOGETHER

Will you need the skills of other people to complete
your investigation?

INTERPRETING DATA

Are your experimental data in a table?

Can your data be graphed?

What relationship does your graph show?

EXPLAINING YOUR RESULTS

What trends does your data show?

Explain your results
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VALIDITY AND RELIABILITY OF RESULTS

Was your investigation valid?

Did you test your hypothesis?

Were your results consistent?

How did you reduce experimental errors?

CAN YOU IMPROVE?

What can you improve in your investigation?

WHERE TO NOW?

Does your investigation have any implications for the
wider world?

SECTION
REVIEW

REMEMBERING

1 Describe what the term methodology means in relation to a scientific investigation.

2 Define the following terms: independent variable, dependent variable, controlled variable, sampling,
qualitative data and quantitative data.

UNDERSTANDING

3  Explain why taking too many data samples could be a problem.

4 Discuss why it is important to organise your data into a graph.

5 Outline reasons why a risk assessment is vital to any investigation, and explain why is it important to
identify, assess and control.

6 Compare and contrast working individually or in teams.

APPLYING

7 Discuss reasons why ethical considerations need to be taken into account for any investigation.
As part of your discussion, include examples of experiments done in the past that would now be
considered unethical.

Assess the impact that technologies have had on scientific investigations.

9 Outline the impact that some investigations have had on society and the environment.

@ Reporting

Once the experiment has been completed and all the data analysed, it is time to write a scientific report.
This report should clearly give the reader all the relevant information about the experiment. It should
outline the methodology used, describe the first-hand data collected and explain how this data was
used. Other scientists should be able to replicate the investigation if required or clearly understand
the data.

Most scientific investigations are written up as scientific papers. These papers are then peer reviewed,

which is where experts in the same or similar fields review the research. One of the key parts of the peer-
review process is ensuring that the data and conclusions made are valid. Once a paper has passed peer
review, it can be published in a scientific journal. Some well-known scientific journals are Nature and
Science.
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One way to record the information found in scientific journals is to use a scaffold, such as the one

below.

Report title

Increasing Incidence of Salmonella in Australia, 2000-2013

Type of information

Primary data

Source of information

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0163989

Give a summary of the report

The rate of infection of salmonella during the years 2000 and 2013 has
increased.

What is the purpose of the
report?

To prompt health authorities to develop policies to reduce people’s infection
with the disease.

What measures were taken to
reduce error?

Data which was missing some details such as sex and age were excluded from
the data analysis.

What language style was used?

Formal scientific language

How was the report presented
and structured?

Abstract (summary of results)

Methodology, data and analysis explained

Results in table and graphical form

Discussion comparing results to other investigations
References listed

This can also be done with secondary sources of information.

Report title

Assessing a Text — Global Systems — Global Issues

Type of information

Secondary data

Source of information

Nelson iScience 10 for NSW pages 331-334

Give a summary of the report

Greenhouse gases, such as carbon dioxide, trap thermal energy in the
atmosphere, leading to an enhanced greenhouse effect.
The ozone layer protects the surface of Earth from dangerous UV radiation.

What is the purpose of the
report?

To convey information about the greenhouse effect and ozone.

What measures were taken to
reduce error?

The information was compared against other secondary sources and
government website sources.

What language style was used?

The section is written in an expository style. That is, it is written to explain
information.

How was the report presented
and structured?

The written information was supported with diagrams to help the reader
understand the concept.

INQUIRING
FURTHER

The Public Library of Science (PLOS) is an open-source online journal, which peer reviews articles before they are
published. Search the PLOS database for an article you find interesting.

Write a small literature review on the article you have chosen. Your review should cover the following areas.

® Report title
o Type of information
e Source of information

e Give a summary of the report

o What s the purpose of the report?

o What measures were taken to reduce error?

o What language style was used?

e How was the report presented and structured?
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FIGURE 3.5.1
Ultimately, the
purpose of both
investigations and
reports is to explain
or develop a scientific
concept.

Investigations

The two main processes that scientists usually engage in are investigations and reports. The function
of the investigation is to test a hypothesis and most students of science will be familiar with the basic
scientific method used.

» Identify your question — what you are going to study.
»  Form a hypothesis — what you think the answer to your question will be.

»  Conduct your experiment — perform a valid and reliable experiment to answer your question.

Reports

The scientific report is about taking the results from the investigation and explaining what was found.
The report may also discuss the background behind the investigation. How did the scientists come up
with their hypothesis based on work done in the past?

»  Did you answer your question?
»  Did your experiment match your hypothesis?

»  Thoroughly analyse how you conducted your experiment and how you know it is valid and reliable.

Report

Investigations

Answers the question

|dentified an inquiry question

Confirms or refutes the hypothesis

Scientific
theory

Hypothesis formed and tested

Analyses and discusses the
findings from the collection of
data as evidence

Experiments conducted
to collect evidence

Follows a structured
format and uses common
scientific language

Follows less-structured
processes

Once you have completed an investigation, you will need to write a scientific report, which summarises
what you did and what you found. Then you and your class can assess one another's reports — your own
peer assessment.

Then use the scaffold below to assess a scientific report submitted by another student or group
in your class from the investigation they conducted in the previous sections. When doing this, try to
be neutral in your criticism. The aim of your assessment should be to help your peers improve their
scientific methodologies.
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Report title

Source of report

Give a summary of the report

What is the purpose of the report?

What measures were taken to
reduce error?

What language style was used?

How was the report presented and
structured?

Report title

Blue food dye heats water faster

Source of report

Class investigation

Give a summary of the report

In the investigation food dye of different colours where added to 100 mL
of water, which was subsequently heated over a Bunsen flame.

In each trial, water with blue food dye reached 100°C in a shorter time
than the other samples.

What is the purpose of the report?

To highlight the results from the investigation

What measures were taken to
reduce error?

All variables, other than the dye colour, were kept consistent throughout
the investigation.
Electronic data loggers were used to take the measurements.

What language style was used?

Formal, scientific language

How was the report presented and
structured?

The report was structured like a primary investigation conducted
in class.

This was a valid way of presenting the information as it showed an
orderly layout and was easy for the reader to follow the ideas of the
writer.
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CHAPTER REVIEW QUESTIONS

REMEMBERING

Define 'scientific theory”and list two examples.

Describe the main ideas of Marshall and Warren.

Describe the work of van Helmont.

Outline the work of Spencer.

Describe the skills Eratosthenes needed to make his discovery.
Explain what Doppler was studying.

Describe what Priestley discovered.

W N 00 O N WO DN =

Define the following terms: primary investigation, fieldwork, second-hand investigation, survey,
modelling, simulation.

9 Describe the scientific method. Provide reasons why scientists need to follow the scientific method and
why some investigations need variations on the basic scientific method.

10 Define the following terms: methodology, aim, hypothesis, materials, method, risk assessment, reliability,
validity, independent variables, dependent variables, controlled variables.

11 Describe how to improve the accuracy of an investigation.
12 Describe the difference between primary and secondary data.
13 Outline ways data can be collected.

14 Describe what a scientific report is.

UNDERSTANDING

15 Describe one scientific theory that went against the accepted ideas of the time.

16 Outline some risks that Marshall took when trying to prove that bacteria caused ulcers. Was he justified in
taking this risk?

17 Describe what van Helmont's experiment was trying to show. Propose reasons why his conclusion was
not correct.

18 Outline some problems Eratosthenes would have had in doing his calculations.

19 Describe why an investigation needs to carefully plan for the variables and controls.

20 Describe some limitations that a scientist may have when working out their sampling method.
21 Compare and contrast doing investigations individually or in groups.

22 Describe reasons why numerical data are often converted into graphs.

23 Describe reasons why it is important for a scientific report to explain the results.

24 Outline how a scientist could show that their investigation was reliable and valid.

25 Outline reasons why a scientific report is important.

APPLYING

26 Outline an area of research, other than peptic ulcers, that uses or has used cell cultures.

27 Describe some reasons scientists such as Eratosthenes and Doppler took a long time to do their
investigations and research.
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28 Assess the impact that technology has had on astronomy. Use the work of Doppler as part of your answer.

29 Outline reasons why experiments such as those done by Priestley would not be considered ethical in
modern society.

30 What benefit does a literature review provide when attempting to understand an investigation?

ANALYSING

31 Assess the impact that inventions such as the microwave have had on society.

32 Much scientific progress has been made because of technological innovations such as the Large Hadron
Collider. Justify the cost of ‘big’ science experiments and projects, using examples, such as the Manhattan
Project or the development of Wi-Fi.
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SIMULATING VAN HELMONT’S EXPERIMENT

Suggested length: 10-15 hours done over a period of 5-10 weeks.

BIOLOGY

Focus: Primary investigation

Take a small plant or seed and perform your own version of van Helmont's experiment.

PRIMARY INVESTIGATION SCAFFOLD

3.7.1 Primary

investigation

scaffold Syllabus outcome
Identify the syllabus outcome you will investigate and write a summary of how you will address the outcome.
Hypothesis [if applicable)
A hypothesis is an educated (informed) guess that is tested through investigation to explain and reach answers
to scientific questions.
The plant will experience significant growth just by adding water.
Aim
Write the aim as a sentence. Start the sentence with ‘To'followed by a verb; for example, ‘investigate, ‘measure;
‘test’and so on.
To investigate aspects of van Helmont’s original experiment.
Secondary sources

a-7|-1 van List all the sources you have used in your investigation and cite them using the correct protocols.

elmont's

experiments on See weblinks for suggested references:

plant growth = BBC (2017), Bitesize — National 4 Biology — van Helmont's experiments on plant growth

3.7.2 Johann . . .

Baptista van = Johann Baptista van Helmont online biography by Dr Bruce Mattson.

Helmont

Investigation design
Outline how you will design the final presentation (refer to Chapter 2 for further information). Make sure you
include the following (where applicable):
= \ariables
— Independent
— Dependent
- Controlled

= Treatments/control.

Method

The procedure is written as numbered steps. Each sentence must start with a verb.
1 Weighed the mass of the soil and the plant.

2 Added 100mL of water to the plant each week.

3 Measured the height of the plant.

4 Repeated this process over a period of 10 weeks.

5 Weighed the mass of the soil and the plant.

Results
The results may be recorded in tables or graphs, 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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TESTING FOR ATMOSPHERIC GASES

Suggested length: 5 hours

Focus: Developing a primary investigation

Design experiments to produce and test the properties of the main gases in the atmosphere.

PRIMARY INVESTIGATION SCAFFOLD

Syllabus outcome

3.8.1 Primary
Identify the syllabus outcome you will be investigating and write a summary of how you will address the investigation

outcome. scaffold

Hypothesis [if applicable)

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

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

To investigate tests used to identify the main gases found in the atmosphere.

Secondary sources

List all the sources you have used in your investigation and cite them using the correct protocols.
3.8.1 Testing for

Suggested reference: different gases

BBC (2017), GCSE Bitesize: Testing for different gases.

Investigation design
Outline how you will design 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 or graphs, or written as observations in sentences.

Validity and reliability

Remember that validity is related to ensuring that the sources come from educational, government or scientific
websites, 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 and aim.
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THE DOPPLER EFFECT IN THE MODERN WORLD

Suggested length: 5 hours

Focus: Secondary-source investigation

Research ways that the Doppler effect has been used in two types of modern technology.

SECONDARY-SOURCE INVESTIGATION SCAFFOLD

3.9.1 Secondary

L’LZ?FJI%"‘"“ Syllabus outcome

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

Hypothesis [if applicable)

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

Aim
Write the aim as a sentence. Start the sentence with ‘To'followed by a verb; for example, ‘investigate,'measure’
or 'test.
To research ways that the Doppler effect has been used in two types of modern technology.
3.9.1 How the
Doppler effect Secondary sources
works

3.9.2 Using the List all the sources you have used in your investigation and cite them using the correct protocols.
Doppler effect See weblinks for suggested references:

= HowStuffWorks (2017), How the Doppler effect works.
= YouTube (2017), Physics — Waves in the Real World: Using the Doppler effect’

Investigation design
Outline how you will design 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 or graphs, or written as observations in sentence form.

Validity and reliability

Remember that validity is related to ensuring that the sources come from educational, government or scientific
websites, 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 and aim.
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ANALYSING SCIENTIFIC METHODOLOGIES

8 hours
Secondary-source investigation

Analyse the methodologies used by scientists not studied in this text. Examples might include:
Jane Goodall's study of chimpanzees in Africa

the work done by the Large Hadron Collider, particularly in relation to the discovery of the Higgs boson.

SECONDARY-SOURCE INVESTIGATION SCAFFOLD

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

Hypothesis [if applicable)

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

Aim

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

To analyse how famous scientists have used methodologies to undertake their work.

Secondary sources

List all the sources you have used in your investigation and cite them using the correct protocols.
See weblinks for suggested references:

®  The Guardian (2017),Jane Goodall: 50 years working with chimps, Discover interview, Science.
= The Higgs Boson, (2017).

= Don Lincoln (2017),'Has Stephen Hawking solved the mystery of black holes?, CNN.com.

Investigation design
Outline how you will design the final presentation (refer to Chapter 2 for further information). Make sure you
include the following (if applicable):
= Variables
— Independent

— Dependent
— Controlled

= Treatments/control

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

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

Validity and reliability

Remember that validity is related to ensuring that the sources come from educational, government or scientific
websites, 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 and aim.

PEPTH
STUDY

3.10.1 Secondary
investigation
scaffold

3.10.1 Jane
Goodall: 50
years working
with chimps

3.10.2 The Higgs
boson

3.10.3 Has
Stephen
Hawking solved
the mystery of
black holes?
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‘ MODULE 6 TECHNOLOGIES

88

Humans' desire to solve problems and answer questions about the world leads us to create and develop
technologies to remedy our lack of understanding about phenomena. At the beginning of human
existence, many technologies helped us to hunt and gather food. Over time science played an important
role in developing new technologies and influencing social developments in areas such as agriculture,
medicine, industry and communication.

Creating and developing technology follows a cycle. The scientific understanding of the physical,
chemical and biological world enhances technological developments, while at the same time
new technologies deepen the knowledge and understanding of concepts and principles that rule
phenomena. For example, our understanding of how light and sound waves work has enhanced the
development of communication systems, such as mobile phones and GPS. These new technologies
in communication increase our understanding about how light and sound waves behave and can be
manipulated further.

This interdependence between science and technology helps us to develop tools to improve the
wellbeing of humans and to create a more sustainable future.

» How does technology enhance scientific investigation? How does technology limit it?
» How have developments in technology led to advances in scientific theories and laws?
« How have developments in science driven the need for further developments in technology?
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E Students investigate:
§ « Scientific investigation and technology
» A continuous cycle
@ A student:
3
E « develops and evaluates questions and hypotheses for scientific investigation 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

= describes and explains how science drives the development of technologies INs12-13

© 2017 NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales.
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The scientific investigation
and technology

technology Research and technology have gone hand-in-hand since the beginnings of scientific inquiry. When we
practically applying s . . . .
knowiedge to create think about technologies, we usually think of computers, robotics and bionics. However, humans have
a device for practical been using technologies since we developed the ability to use tools. We can define technology as the
‘ g S p gy
urposes in any area o . . . . .
Eesep rch / application of knowledge to create a device for practical purposes in any area of research. So, a hammer,

a spoon, a computer or a robot are all technologies — devices invented for practical purposes to make
life easier.

The advances in technologies from the beginnings of civilisation to today increased at a steep
curve after the Industrial Revolution at the end of the 19th century (Figure 4.1.1). That was related to
the invention of the steam engine and electricity. Later on, the invention of computers and information
technologies changed the way research was carried out. Science uses technologies to advance research
but, at the same time, the knowledge and understanding of how the physical, chemical and biological
world work has helped to create technologies to improve the wellbeing of humanity. For example,
because humans learned how our kidneys filter blood, we were able to invent the dialysis machine to do
this when the kidneys failed. At the same time, new research into materials such as cellulose-based and
synthetic polymers have helped in developing new filtration systems that reinforce the current systems
and help the dialysis machine avoid contamination.
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FIGURE 4.1.1 Technological advances since 2400 BCE. The Industrial Revolution in the 19th century was a key turning
point, with the invention of the steam engine and electricity initiating a steep upwards curve of technological development.

Technologies can improve or limit a scientific investigation. Improvements come when the technology
helps to collect accurate and valid data. Limits can come when the technology is not calibrated or
appropriately chosen for the collection of information and data for that particular research. Human
creativity and imagination plays an important role in creating new and more advanced technologies.
As Einstein said, Tmagination is more important than knowledge. For knowledge is limited, whereas
imagination embraces the entire world, stimulating progress, giving birth to evolution.
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INQUIRING
FURTHER

] o . The French Institute Research, Innovation, Society
measure and control the variables and to generate the statistical information to (IFRIS) has a classification system for sorting

create a valid, accurate and reliable investigation. This consequently helps us to technologies into 389 categories. Research and
create a mind map with the criteria to classify

technologies that are listed in their five domains.

Technologies are used to facilitate data collection, processing and analysis, to help

answer questions and predict future patterns and trends from the research.

In science, the technologies used for data collection refer to different
types of equipment, such as analogue or digital, to measure and analyse the
variables in the experiment. Thermometers, data loggers, stopwatches, computerised data analysers,
spectrophotometers, chromatographers, microscopes and gas analysers are just some of the equipment

s 4.1.1 Classification
used to measure and collect quantitative data. of technologies

Uses of technologies to measure variables

i ; ; ; INQUIRING
The selection of the technology used to measure variables is crucial when FURTHER

collecting data, because it helps determine the accuracy and validity of the data

for that particular research and the integrity of the investigation. For example, Over the centuries, different cultures have
developed different technologies according to their

if the aim of the experiment is to test how the effect of temperature affects the - 2

) . ] ) ] needs. Research how Aboriginal Australians differ
rate of a chemical reaction, a simple thermometer would be a fair choice, but in the development of technologies for hunting
a data logger to measure temperature would be more suitable for collecting  between communities living in the desertand in
the data the bushland. Create a Prezi, PowerPoint or Animoto

with your research.
Technologies can limit data collection for independent and dependent

variables if the technology is not calibrated properly, it is not appropriate for that

research, or the data collected is within a range and not a specific number. For example, to measure the
pH of substances to make cosmetics, different pH indicators can be used to collect data (Figure 4.1.2).
Each indicator gives a colour for a range of pH but not a specific pH value. Therefore, the measurements
of pH may affect the conclusion for each substance to be selected to make the cosmetic. A pH probe is a

more accurate method for determining the actual pH number for that particular substance.

data collection
gathering of qualitative

FIGURE 4.1.2 or guantitative
Methyl orange Red Yellow The colours shown ;ﬂuerapzusree?fesﬂttastrs%rctahlE
oH range: 3.1-4.4 by these indicators analysis
are over a range
Litmus Red Blue of pH; they do not
indicate a specific
pH range: 5.0-7.6 pH. For example,
bromothymol blue
Bromothymol blue Yellow Blue turns yellow for pH
pH range: 6.0-7.6 in the range 6.0-7.6.
. Colourless Pink LARIEIH e
Phenolphthalein turns methyl orange
pH range: 8.0-10 to yellow, it indicates
T T T T T T T T T T T T a pH between 5.5
1 23 4 5 6 7 8 9 1011 12 13 and more than 13.
These indicators are
Highly Slightly | Slightly Highly not able to be used
acidic acidic alkaline alkaline DA fpRdre

pH; only the range in

Neutral which the pH falls.

Errors in technologies

Assessing the errors in measuring devices is an important issue in research as it
helps to determine the integrity of the data collected. Errors in measurement can
be random, systematic or gross. Table 4.1.1 summarises the differences between the
three main types of errors in measurements.
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The accuracy and precision of the technology, and the operator of the
FURTHER

A group of students is trying to measure the volume

of gas released during photosynthesis. Research the

technologies that could be used in the experiment

to measure the variables. Analyse if the technologies

are limited in measuring the data needed. Write a
short descriptive report.

technology, determine the level of error. The accuracy of the instrument is given
by how close the measured valueis to the true value expected or it is similar to the
value recommended in the researched literature. Precision is the reproducibility
of the measurement, which means that each time the measurement is taken,
the same value is obtained. However, an instrument can be precise but not
accurate. For example, the same value of voltage 12V can be obtained with a
digital voltmeter each time voltage is measured but the value is very distant from
the true value of the measurement, which is 24 V.

TABLE 4.1.1 Type of errors in measurement, definitions, examples and how to reduce error during experimental data collection.

ERRORS DEFINITIONS EXAMPLE HOW TO REDUCE THE ERROR
Caused by mistakes in using A person or operator reading Have other observers double-
Gross instruments or meters, pressure gage wrote 1.10 N/m? check the measurements
calculating measurement and instead of 1.01 N/m?
recording data results
Occur because of a fault in the A data logger is measuring Re-calibrate the instrument
Instrumental measuring device temperature in the range of
100°C instead of range of 30°C
Occur because of some The humidity levels during the Assess environmental
Syst ti EnSTonmontal external conditions (pressure, measurements has changed conditions properly before
YSIETHANIC temperature, humidity or because of wind conditions using the device
magnetic fields)
Observational Occur because of incorrect Reading 35 mL from the Have another observer be a
or parallax observing or reading of the measuring cylinder instead of second reader of instruments
errors instruments 32 mL
Caused by the sudden change Changes in humidity, Reduced by taking the average
Random in experimental conditions unexpected change in of a large number of readings
temperature or fluctuation in
voltage

Technologies and safety

Today's technologies often come with detailed instructions explaining the how to use them safely.
Reading these safety procedures and keeping them in mind when using technologies to collect data
helps to reduce errors and ensure the safety of users. In many cases, you must follow chemical safety data
and the work health and safety guidelines while using technology. Operators should receive training in
managing technologies and be aware of the risks in using any type of technology when collecting data
during an investigation. If an accident occurs, procedures should be in place to support the operator and
a new risk assessment for the technology must be done.

Chemical safety data

Chemicals used in investigations are listed in the chemical safety data manual in the laboratory. Each
material safety data sheet (MSDS) is written by the manufacturer and contains the following;

» the properties of the chemical
»  the chemical safety information

» first aid information in case of accidents
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» the storage and handling of the chemical
»  protective personal equipment to be used when handling the chemical.

Before using any type of chemical, you must consult the MSDS to make sure the chemical is safe to
use in the classroom laboratory. Many chemicals are not authorised to be used in schools because they
have been assessed as high-risk.

4.1.2 Chemical

Work health and safety safety data
Workplace health and safety starts with you. You have the right to work safely, while at the same time the
responsibility to keep the workplace safe for others too. In the laboratory, it is very important to manage
and be aware of safety. Make sure you have proper training in using technologies, are wearing appropriate
protective equipment and have an emergency plan to respond in case of accidents. For example, if you 413 Workplace
are using electrical devices to collect data for an investigation, read the risk assessment and instructions health and safety
on how to use the equipment and assess the environmental conditions around it, such as water spillages
or faults in cables and electrical plugs. This will help you avoid accidents and control any hazards.

. . INQUIRING
Analogue versus digital technologies

Over time, technologies have moved from analogue to digital. The difference _ , i
. . . . . Identify all the technologies that are used in
between the two is how data from the wave carrying the information is your class laboratory and create a poster for your

recorded. In analogue technologies, the wave is recorded or used in its original classroom indicating the safety procedures to follow
when using those technologies in investigations

form, but in digital technologies the wave is sampled at some point and turned
into a combination of the numbers 0 and 1 (binary numbers) and stored in a
device. Take the example of sound recording. With an analogue technology, the sound wave is recorded
straight from a microphone onto a tape and then sent to a speaker. In a digital technology, the sound is

transformed into a binary system of 0 and 1 and stored in a digital device (Figure 4.1.3) 4.1.1 Analysis

of technologies:
errors and safety

Analogue data Digital data
ADC
\/\/\/ 11010011
—

BULTTY LR

Analogue signal sent ADC converts Converted digital data
from microphone analogue data to digital received by computer
(Sound card is the ADC in this example)

FIGURE 4.1.3 Conversion of sound from analogue to digital.

Both technologies, analogue and digital, have their advantages and disadvantages, as shown in
Table 4.1.2. Both technologies can be used to measure the variables in an experiment. However, the
selection of the technology to use depends on costs and nature of the experiment.
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TABLE 4.1.2 Advantages and disadvantages between digital and analogue technologies.

TECHNOLOGY DIGITAL ANALOGUE

= More precise = |Low cost

= Compatible with other digital systems = Uses less bandwidth
Advantages = |ntegrated networks = More accurate

= |mmediate recorded information = No need of synchronised

communication systems

= Can be expensive = The effects of random noise can
= Sampling error make signal loss and distortion

. N . impossible to recover from
= Digital communications require greater

Disadvantages bandwidth than analogue to transmit the = Observational errors
same information
reaction rate o
speed at which a

chemical reaction occurs

The detection of digital signals requires the
communications system to be synchronised

activation energy
minimum level of
energy for a substance

to be activated to react The following set of experiments uses different technologies to measure both the independent and
chemically . o . . L

dependent variables to collect quantitative data. In each of the investigations developed below, the
catalysts evaluation of the technologies used, the assessment of errors and accuracy from the data gathered using
hemicals that i . . . .
e Egit\sotn f;t‘embrye e a particular technology and the considerations about the safe use of the technology are included as
lowering the activation discussion questjons‘
energy
enzymes Temperature on reaction rate
catalysts that assist . . . .
biochemical reactions in In a chemical reaction, substances react with each other, chemical bonds are broken and new substances
organisms are formed as products. The reaction rate is the speed at which the chemical reaction occurs. Temperature

affects the reaction rate because it increases the collision between the particles,

) _ this is according with the collision theory. The theory states:
For a chemical reaction to occur, the

particles of the reactants must collide
with each other.

In a chemical reaction, a minimum level of energy is needed to start the
particles colliding and consequently produce the chemical products. That
energy is called activation energy. The particles must have enough energy for
the collision to take place and successfully produce a reaction. The reaction

KEY THEORY

rate depends on the rate (speed) of successful collisions between
reactant particles. The more successful collisions there are, the
4 faster the rate of reaction.
Increasing the temperature in the chemical reaction affects the

S activation energy because:
Activation

energy » there is more energy in the chemical system and consequently
the particles have more energy

—————————————— » there are more collisions between the particles
Reactants

Energy

» therate of reaction increases.
Overall change

. Catalysts are chemicals that increase the reaction rate by
in energy (AH)

lowering the activation energy. The catalyst itself remain unchanged
at the end of the reaction.
Products At an industrial level, catalysts are used widely to catalyse
chemical reactions to create commercial products. For example,
Reaction progress iron is used as catalyst in the reaction between nitrogen and

v

hydrogen to produce ammonia. In the case of biochemical
FIGURE 4.1.4 Activation energy of a chemical system. ydrog p

reactions in organisms, those catalysts are called enzymes.
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Enzymes have the property that they ‘help’ in the chemical reaction

w
but they do not react with the products or reactants and they are not ::E' Catalyst
affected by the reaction. In other words, they are inert to the reaction. > ReactantA +Reactant B—= Product A+ Product B
Enzymes are specific for each biochemical reaction and they work ¥
in a particular range of temperatures, therefore a change in temperature
affects the enzyme (it becomes denatured) and consequently affects the
reaction rate of the biochemical reaction.
denatured
A A an enzyme that has
been altered by heat,
Enzyme acidity or some other
effect
Normal
activation Activation
energy Reactant energy
= > lowered by
S | Reactant 3] enzyme
c c
() ()
B g
P P
Product Product
Uncatalysed reaction pathway Enzyme-catalysed reaction pathway
FIGURE 4.1.5 Effect of the enzyme (catalyst) on activation energy and reaction rate in a biochemical reaction. It is
important to note that for every enzyme there is a specific temperature range that the enzyme works, outside that
temperature range the enzyme is denatured. 4.1.4 Enzyme lab
4.1.5 Effect of

temperature on

Calculating reaction rates enzyme kinetics

If the rate of the reaction is faster, more reactants are used and consequently, more products are made in 41 'ioEn'liZﬂr:;
a given time. The reaction finishes when all the reactants are used up and no more product can be made. reactions

The reaction rate can be plotted (Figure 4.1.6) and calculated.

FIGURE 4.1.6 This
graph shows the
reaction rate as a
function of the total
) mass or volume of the
Fast reaction product created over
the reaction time. If
the reaction is fast
the curve (blue) will
have a steep increase
Slow reaction and then plateau,
which indicates that
the reaction stops. In
a slow reaction, the
curve is less steep
(orange).

Time from start of reaction

v

Total mass/vol. of product
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The rate of the reaction can be calculated using the equation: rate of reaction

" s
Rate of reaction 2 equals the total amount of reactant used or product made divided by time taken.
2 . .
rate of reaction = total amount of reactant S As an example, Rita and Fred set up the following apparatus to measure the
used or product made + time taken ™ amount of hydrogen produced when they react magnesium with hydrochloric
acid. What is the reaction rate if 25 cm” of hydrogen is produced in 2 minutes?
FIGURE 4.1.7 -
Apparatus set up
by Rita and Fred to [ :li Clamp
collect and measure
4.1.7 Using the the amount of
Arrhenius equation hydrogen produced ) Measuring cylinder
be the reaction Delivery tube 9%y

4.1.8 Arrhenius

. between acid and
equation

magnesium ribbon.

O%

Trough

ole o

—— Water

Dilute acid plus
magnesium ribbon

'yggﬁ'gg The calculation is as follows:

rate of reaction =total amount of reactant used or product made + time taken
An Arrhenius equation (explained in weblinks 4.1.7 rate of reaction = 25 cm3 H2/2 min
and 4.1.8) can be applied to calculate the effect of
temperature on reaction rates. Explore how you
can apply the equation in investigations, such as
Investigation 4.1.1, and include the calculations in
your discussions.

rate of reaction = 12.5 cm® H,/min

Effect of temperature changes on reaction rate

To investigate the effect of temperature changes on reaction rate

PROCEDURES

Choose from one of the experiments below:
Experiment 1 — effect of temperature on the reaction rate of liver enzyme catalase

Experiment 2 — effect of temperature on the reaction rate between sodium thiosulfate and hydrochloric acid
4.1.9 Temperature

effect on reaction Experiment 3 — effect of temperature on the reaction rate of a glow stick
rate between ) ) ) ) )
hydrochloric acid Design your experiment to measure the effect of temperature on the reaction rate and in your design,
and thiosulfate identify the independent, dependent and controlled variables.
Tempe‘gt;:rg List all the equipment necessary to carry out the experiment and identify the risks when creating a risk
effect on reaction assessment. Refer to the MSDS of the chemicals if necessary.
rate of ZT:;):Z Measure the dependent variable using both analogue and digital technology (e.g. thermometer vs data
4.1.11 Effect of logger).
temperature on Ensure the validity and reliability of your experiment.

glow sticks .
Record your results in tables and graphs.
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ANALYSIS AND DISCUSSION

Describe the issues encountered when measuring the independent, dependent and controlled variables in
the chosen investigation.

Describe how validity and reliability of the results was achieved.

Evaluate the limitations of each of the technologies used to collect data in the chosen investigation.
Assess the error and accuracy of each of the devices that were used in the investigation.

Compare which device was more precise to make observations and collect data.

Assess the safety of the technologies used in the investigation.

Effect of temperature and pressure on gas volume

Gas is a state of matter in which particles move freely. Consequently, gas conforms to the shape of the
container or space in which it is held, acquiring a uniform density across that space despite gravitational
forces. Gas particles have a high number of collisions and gases can expand indefinitely. Gases can
be grouped according to how they behave under different pressures such as compressed, liquefied or
dissolved (Table 4.1.3). As can be observed from Table 4.1.3, temperature and pressure play an important
role in compressing gases to make them useful for industrial purposes.

TABLE 4.1.3 Classification of gases according to how they behave under different pressures.

CLASSIFICATION DESCRIPTION STATE EXAMPLE
Compressed Packaged under pressure at -50°C Gaseous Carbon dioxide, propane,
oxygen

Liquified (high Packaged under pressure at temperatures | Liquid Ammonia, chlorine

pressure) between -50°C and 65°C

Liquified (low pressure) | Packaged under pressure at temperatures | Liquid Liquified natural gas
above 65°C

Dissolved Packaged under pressure but dissolved in | Liquid Acetylene
a liquid phase solvent

Charles’ law

for a constant
. . . . . volume of gas in a
The relationship between pressure and temperature in gases was put forward by the French scientist sealed container, the

Jacques-Alexandre-César Charles in around 1787 and is known as Charles’ Law. This law can be expressed fgf:g;;uéfozmiﬂg o
in a mathematical equation: K= 1/ to its pressure

<

g K=V|T Or:

o Where n — Yy

= T T Charles’ law

> K=constant 1 2 animation

w Where

V=volume (mL or L)

V| = initial volume (L or mL)
T = temperature (Kelvin)

T, = initial temperature (K)
Note: Temperature must be in Kelvin for

Charles’ equation. To calculate Kelvin
temperature, add 273 to the Celsius V, = final volume (L or mL)
temperature.

T, = final temperature (K)
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Boyle’s law

the product of the
volume and the
pressure, for a fixed
mass of a gas at

constant temperature,

is constant.
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Applying Charles’ law, we can measure the relationship between temperature and volume. But what
about the relationship between volume and pressure? Particles in gases are constantly moving and
colliding with the walls of the container that the gas is held in. Those collisions create the pressure of the
gas; the smaller the container, the higher the pressure.

In 1660, Robert Boyle developed a law to measure the relationship between volume and pressure
mathematically. Boyle’s law is shown in the key formula, below.

K=PxV
Where

P=pressure in millimetres of mercury (mmHg)

KEY FORMULA

VV=volume in litres (L)

K= constant

Or:

PV =Py,

where

P, =initial pressure (atm or mmHg)
V| = initial volume (L or mL)

P, = final pressure (atm or mmHg)

V, = final volume (L or mL)

Effect of temperature or pressure on the volume of gases:
Charles’ law and Boyle's law

To investigate the effect of temperature on the volume of gas
To investigate the effect of pressure on gas volume

PROCEDURE

Choose from one of the experiments below:
Experiment 1 — effect of temperature changes on the volume of gas using balloons
Experiment 2 — effect of temperature changes on the volume of gas using marshmallows

Experiment 3 — effect of temperature changes on the volume of gas repeating Charles’law experiment
and one of the experiments below:

Experiment 1 — effect of pressure on the volume of gas using mini-marshmallows and a syringe
Experiment 2 — effect of pressure changes on the volume of gas using balloons and a syringe

Experiment 3 — effect of pressure changes on the volume of gas by building a piston




Design your experiment to measure the effects of temperature or pressure on the volume of gases. In your
design, identify the independent, dependent and controlled variables.

List all the equipment necessary to carry out the experiment and, when appropriate, identify and create a
risk assessment. Refer to the MSDS of any chemicals if necessary.

Measure your dependent variable using both analogue and digital technology (e.g. thermometer vs data
logger).

Ensure the validity and reliability of your experiment.

Record your results in tables and graphs to demonstrate the application of Charles’and Boyle's laws.

ANALYSIS AND DISCUSSION

Describe the issues encountered when measuring the independent, dependent and controlled variables in
the chosen investigation.

Describe how validity and reliability of the results were achieved.

Evaluate the limitations of each of the technologies used to collect data in the chosen investigation.
Assess the error and accuracy of each of the devices that were used in the investigation.

Compare which device was more precise when making observations and collecting data.

Assess the safety of the technologies used in the investigation.

Effect of changes of speed on distance travelled

Speed is a scalar quantity defined as distance travelled by a moving object over

time. Therefore, if an object speeds up, more distance is covered over a particular Investigate how speed cameras work and create a
time. Conversely, if the object slows down, it covers a smaller distance in e toinformstudentswhoare leaming to drive.
that time. An object with no movement has zero speed. Speed is usually measured

as average speed. This is because speed varies over any distance travelled. For example, in a trip from average speed
home to school, the bus travels at different speeds in relation to traffic lights, stops and the type of road. otel fetence fravelled
Therefore, the speed can change from 0 to 40 kilometres per hour or from 80 kilometres per hour back to

0. Other factors are taken into account when objects move, such as friction, angle of trajectory if the object

is launched, the mass of the object, the forces applied on the object and gravitational pull.

INQUIRING
Speed, distance, time FURTHER

s=d/t In freefall, gravity increases a falling object’s
acceleration by 9.8 metres per second (m/s) with

Where every passing second. How does this constant

acceleration affect the distance that an object

travels over time? Design and perform a simple

d =distance (metres) experiment to prove the statement. Present the
results as a short video.

KEY FORMULA

s = average speed (m/s)

t =time (seconds)

Note: that all the measured distances and time must be converted to
metres and seconds.
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Effect of speed on distance travelled

To investigate the effect of speed on distance travelled

PROCEDURE

Design a practical investigation to investigate the effect of speed on distance travelled.

Identify the dependent, independent and controlled variables of the experiment.

Choose different technologies (motion sensor, ticket timer, ruler, stopwatch) to measure the variables
in your experiment.

Record your results in tables and graphs, for each technology used.

Analyse the patterns and trends from your graphs for each technology.

ANALYSIS AND DISCUSSION

Describe the issues encountered when measuring the independent, dependent and controlled
variables in the chosen investigation.

Describe how the validity and reliability of the results were achieved.

Evaluate the limitations of each of the technologies used to collect data in the chosen investigation.
Assess the error and accuracy of each of the devices that were used in the investigation.

Compare the precision and accuracy of the devices used to make observations and collect data.

Assess the safety of the technologies used in the investigation.

SECTION
REVIEW REMEMBERING
1 Define technology'
2 Using an example, describe how technology developed over time.

3 Identify the types of errors encountered when using different technologies in experiments.

UNDERSTANDING
4 Outline how temperature affects reaction rate in chemical reactions.
5 Explain Charles'law in relation to the effect of temperature and pressure on the volume of gases.

6 Explain why average speed is usually measured when objects travel over a distance.

APPLYING
7 Plants in the desert suffer extreme changes in temperature. Explain how different temperatures affect
the biochemical reaction rates and how plants overcome the issue.

8 Aboriginal Australians use the boomerang as a technology to hunt. Analyse how the speed of the
boomerang affects the distance travelled considering the throwing forces, air resistance and gravity.
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Technological and scientific
development: a continuous cycle

As discussed, science and technology go hand-in-hand. This relationship has INQUIRING
driven the development and growth of human society and consequently, human

impact on Earth. Technological developments lead to advances in science, its

. . How have developments in technology led to
theories and laws, and consequently drives new developments and creates new advances in scientific theories and laws that, in

needs in society. For example, communications technology has advanced from turn, drive the need for further developments in
technology? Conduct a secondary-source study and

simple verbal transmission of information to ‘can't leave home without it’ mobile X o
discuss the findings in class..

phones. Mobile phone applications then help us understand new scientific
knowledge; for example, there is an app that helps us understand how the orbit
of the planets may behave around a black hole. So, scientific knowledge helped to create mobile phones
while content accessed on mobile phones helps us to understand scientific phenomena. Today, digital
technologies drive the way we live our lives and interact with each other across the world.

Thanks to the deep understanding of scientific principles, new technologies are emerging at a
great rate, every day. This has created a feedback loop between science and technology as shown in
Figure 4.2.1.

FIGURE 4.2.1 The
knowledge and
understanding of
scientific physical
and biological
principles drives the
development of new
technologies, and
technologies help

to understand the
science behind world
phenomena.

Scientific
knowledge and
understanding

Technology
development

INQUIRING
FURTHER
In just one century, humanity developed the technology to replace horse-powered carriages with cars that respond
to voice commands and are driven by an onboard computer. Research the development of car engines from the first

prototypes to current hybrid fuel and electrical cars. Create a flow chart with the scientific principles and technologies
underpinning this science-technology cycle.

INQUIRING

FURTHER
Emerging technologies can enhance the wellbeing of humanity. Technologies like stem cell research, genetically
modified food and robotics create discussions about their implications on ethical issues. Choose one of the

technologies listed in the World Economic Forum and create a brochure to explain how to overcome the challenges
with their ethical issues.
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Impact of technologies on scientific understanding
FURTHER

What is the Hype Cycle? Think about a technology In the last few centuries, technology and science have become more interrelated

that you want to invent to solve a problem around and it has become difficult to separate the impact that they exert on each other.
your house or school. Create a poster to explain its The development of a technology drives the discovery of more evidence that
Hype Cycle.

consolidate scientific progress. Contemporary philosophers describe the impact

of technologies on scientific advances as like a symbiotic relationship, where the
separation between science and technology is nearly impossible to discern. Without doubt, technological
developments and their applications enhance and impact on the accumulation of evidences for scientific
principles, theories and laws. For example, thanks to the use of X-ray crystallography techniques by
Rosalind Franklin the structure of the deoxyribonucleic acid (DNA) was finalised by James Watson and
Francis Crick (Figure 4.2.2) or because of the creation of the Large Hadron Collider, the existence of Higgs
boson sub-particles, which was predicted by the Standard Model, was consolidated (Figure 4.2.3).

FIGURE 4.2.2
X-ray crystallography
illuminating DNA.

DNA sample

These spots

are caused
N by diffracted
X-rays
Beam of X-rays

X-ray source Lead screen Photographic
plate
INQUIRING
FURTHER
4.2.1 The Large The Large Hadron Collider is one of the latest technologies used in quantum physics to collect evidence about
Hadron Collider subatomic particles. What are subatomic particles? What are the implications of understanding subatomic particles

behaviour? What are the applications of quantum physics in society? Research those questions and create a flyer for

4.2.2 The people to understand them.

Synchrotron and
the Large Hadron
Collider

Getty Images/Peter Macdi
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INVESTIGATION

Impact of technologies on scientific developments

To assess the impact of technologies on the accumulation of evidences for scientific models, theories and laws

MATERIALS

The references listed as weblinks may be useful as secondary sources for this investigation.

4.2.3 Plate
tectonics — key to
life on Earth?

4.2.4 Computer
simulation sheds

light on how
Earth's continents
PROCEDURE were born

4.2.5 Franklin's
x-ray diffraction,
explanation of
x-ray pattern

T Investigate each of the following technologies and describe the evidence collected with those
technologies that support the related scientific model, theories and laws:

—  Computerised simulations and models of Earth's geological history

— X-ray diffraction and the discovery of the structure of DNA gjlgavxﬁ:ﬁ
— Technology to detect radioactivity and the development of atomic theory 4.2.7 German

physicist Hans
Geiger and the
Geiger counter

4.2.8 The Higgs

— The Large Hadron Collider and discovery of the Higgs boson

2 Create a table with the following headings, as a scaffold for the research:

TECHNOLOGY | SCIENTIFIC EVIDENCE COLLECTED ASSESSMENT OF IMPACT boson
AND YEAR OF | MODEL, (EXTENDED AND IMPLICATIONS OF
DISCOVERY/ | THEORY OR EXPLANATIONS THE TECHNOLOGY ON THE
EXAMPLE | APPLICATION | LAW RECOMMENDED) SCIENTIFIC DISCOVERY REFERENCES
e.g. DNA | X-ray DNA Double helix structure | The DNA model helps
molecule | diffraction molecule us understand what the
(1953) model molecule of DNA is and how

it works. Consequently, the
model helps to advance
further genetic research.

3 Citeall your references properly.
4 Create a report about each technology and assess its impact on the scientific discovery.

Writing an ‘assessment of impact’

To write a proper assessment about any contribution that has an impact on any scientific
discovery the rule to follow is illustrated in the following flow chart.

Before the — After the
contribution - (Comiilaidtem - contribution -

KEY RULE

Make a
judgement

[ eExplain previous
models, theories

- andlaws works and how it technology and enhanced and
- eExplain the - was used to collect how that supports - progressed our :
- technologies of . evidence ! and enhances the - understanding of ...

*Explain the new

technology: how it

" eExplain evidence
collected with the

the scientific model,
. theory or law

For example, the

technology has

FIGURE 4.2.4 Scaffold to write an assessment of the impact of any contribution to the development of new
scientific principles, models, theories and laws.
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DISCUSSION

For the report and discussion about each technology, complete the following tasks.
Describe the scientific theory, model or law.
Explain the technology used to collect evidence for that model, theory or law.
Explain the evidence collected with the technology and how this evidence supports the scientific model,
theory or law.

Assess the impact of the technology on the understanding of the scientific model, theory or law.

Scientific understanding begins from observations of the ‘big picture’ of the world around us and works
inwards from there. The key to today’s scientific models, theories and laws is that we now measure and
test those initial observations until a clear answer about the phenomenon arises. Historically, scientific
understanding was based on arguments and discussion. Now, knowledge and understanding of science
drives the development of technologies to test and measure hypotheses or collect new evidence to prove
scientific principles. For instance, the scientific knowledge in Newton's laws about forces, acceleration,
mass and inertia has driven the creation of many technologies for buildings, aeronautics and the
automotive and engineering industries, such as, for cars, the seatbelt and the crumple zone.

Seatbelts
Airbags
4 K
Rear crumple Front crumple
zone zone

FIGURE 4.2.5 The application of Newton's laws in car safety: crumple zones, airbags and seatbelts try to counteract inertia
(Newton's first law), the resultant forces between mass and acceleration of the car (Newton'’s second law) and the action-
reaction forces in a car crash (Newton’s third law).

INQUIRING
FURTHER
The Petronas Twin Towers in Kuala Lumpur are a clear example of the application of Newton'’s laws. What forces
act on the 88 floors? Why did engineers have to construct a bridge between the two towers? What scientific
4.2.9 Car safety

and Newton’s principles were applied in constructing the bridge? Create a 3D model of the towers and explain the applications
laws of Newton'’s laws.
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INQUIRING
FURTHER
David Unaipon is considered the Australian Leonardo da Vinci because of his inventions. Research one of his inventions

and make a scientific poster explaining the scientific principles used to develop the ideas for the technology.

INQUIRING

FURTHER
Indigenous cultures from China, the Middle East, Australia and North America may have scientific principles that
do not follow the same testing processes as western science. Choose one of the cultures and research a scientific

principle that was applied to improve their technologies. Discuss the differences in the approach to apply science on
technologies and present a short PowerPoint with your findings.

INVESTIGATION

Impact of scientific theories, laws and models on technological
developments

To investigate and assess the impact of scientific theories, laws and models on technological developments.

MATERIALS

The weblinks listed on the right are suggested secondary sources are relevant to use in this investigation.

PROCEDURE

1 Investigate each of the examples below.
— The laws of refraction and reflection on the development of microscopes and telescopes
— Radioactivity and radioactive decay on the development of radiotherapy and nuclear bombs
— The discovery of the structure of DNA and the development of biotechnologies to genetically modify
organisms
— Newton'’s laws and the technology required to build buildings capable of withstanding earthquakes
2 Copy the table below as a scaffold to organise your research.

IMPACT OF SCIENTIFIC
KNOWLEDGE ON
TECHNOLOGICAL
DEVELOPMENT

SCIENTIFIC THEORY,

LAW OR MODEL THE
TECHNOLOGIES | TECHNOLOGY IS BASED ON | DIAGRAM

SECONDARY
SOURCES

Law of refraction and
reflection of light

Microscope The understanding of
the law of reflection

and refraction drove

the creation of the
simple light microscope
and consequently has
enhanced the knowledge
about the microscopic
biological and physical
world.

4.2.10 Structural
principles — forces

4.2.11
Microscopes and
telescopes

4.2.12 What is
radioactivity?

4.2.13
Earthquake-proof
buildings?

»
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For each example:
Research the scientific theory, law or model that the technology is based on.
Explain the application of the scientific knowledge with the aid of diagrams, pictures or digital images.
Cite all the secondary sources used in the investigation.

Create a case study report.

DISCUSSION

For each case study:
State the scientific theory, model or law.
Explain how the scientific theory, model or law was applied to develop the technology.

Assess the impact that the scientific theory, model or law has on the development of the technology.
Follow the flow chart below to write your assessment.

KEY RULE

Scientific principle, Contribution to the :
Make a judgment
theory, model or law technology

State the scientific . Explain the For example, the

principle, theory, . application of the - scientific principle
model or law . scientific principle, . has enhanced the
© model, theory - development of this
and/or law in the - technology which has
development of . improved the ...
the technology ' ’

FIGURE 4.2.6 Scaffold to write your assessment of the influence of a scientific principle, model, theory
and/or law on the development of technology.

The use of plants for materials and medicinal purposes is as old as humankind. Every culture in the world
uses plants collected locally and, through many years of trial and error, each culture learned to use these
plants for medicines and materials.

Aboriginal and Torres Strait Islander people have a broad knowledge of how to use native
plants for medicinal and material purposes. Contemporary science has an increased awareness of
the value of Aboriginal and Torres Strait Islanders’ knowledge and this is helping pharmacists and
physicians to respond to the challenges that have emerged in modern medicine, such as antibiotic
resistance and allergies to synthetic drugs. However, a lot of information has been lost over
the years since Aboriginal and Torres Strait Island culture has no written records and the
traditions are passed through verbal communication, songs, dancing and ritual ceremonies that
are becoming rare.
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Native plants as materials

Native plants were used to construct shelters, make clothing, ropes
and baskets, and in art (paints and bark as canvases). The plants
used were resistant to wear and today we can still see and appreciate
the constructions, tools, utensils and pieces of art made thousands
of years ago.

Aboriginal people were innovative in using weaving as a technique
to make utensils and bags. Some of the bags were so tight that it could
carry honey and other containers could collapse and expand, which
made them easy to transport.

INQUIRING FIGURE 4.2.7 Example of weaving technique used to
FURTHER make baskets by Aboriginal and Torres Strait Islander

communities.

Aboriginal and Torres Strait Islander communities were using woven fibres to
create many objects for everyday uses, such as nets, fish traps, baskets, bags
and seed sifters. Contact your local Aboriginal community to research the
types of plants used and how the weaving technique was applied to make
utensils to serve specific purposes. Create an audiovisual presentation to
present to your school during NAIDOC week.

Native plants and medicine

Australians and Torres Strait Islander people often predict their good
health because they say that ‘they eat well. However, when someone
becomes ill, they drink traditionally made infusions to treat upset
stomachs or body aches, and ointments and saps are placed on
infected cuts and abrasions. All of those bush medicines are collected
and prepared from well-known local plants to cure the ailments.
Some of these medicinal plants are commercially available, such as
tree tea oil (Melaleuca alternifolia) and eucalyptus oil (Eucalyptus sp.).
Some that are not common to western medicine including the
Kakadu plum (7erminalia ferdinandiana) and emu bush (Eremophila
sp.), are widely used as medicines to treat and reduce the effect of
illnesses by many Aboriginal Australian and Torres Strait Islander

FIGURE 4.2.8 Smoking ceremonies are common in
Y . Aboriginal Australia. Participants burn river gum, ironwood
communities, as shown in Table 4.2.2. or native cherry depending of the type of healing needed.
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FIGURE 4.2.9 Tea tree oil produced as essential oil from Melaleuca alternifolia plants. Before its commercial production,
Aboriginal Australians boiled the leaves to make infusions or crushed them to extract the oils. for medicinal purposes
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TABLE 4.2.2 Some of the Australian native plants used by Indigenous Australians as traditional medicines. Plant parts were boiled to
create drinks or inhale the steam, or the infusions were mixed with beeswax to produce ointments.

NATIVE PLANT

COMMON NAME SCIENTIFIC NAME PLANT PART USED MEDICINAL USES

Cheese fruit Morinda citrifolia Raw fruit Colds, coughs, flu

Bush plums Santalum lanceolatum Raw fruit Colds, coughs, flu

Goat's foot Ipomoea pes-caprae Warm leaves and vines Stings and bites

Ironbark Eucalyptus sideroxylon Bark Wash sores and skin infections
Snake vines Tinospora smilacina Vine tied around the painful area | Aches, pains, headaches

Desert fuchsia Eremophila macdonnellii Water from the boiled leaves is Applied to skin for aches and pains

mixed with beeswax

Quandong Santalum acuminatum Paste made with seeds Fever
Wild tobacco Solanum mauritianum Leaves Burns
Lemongrass Cymbopogon citratus Boiled leaves Body wash for skin infections, boils,

scabies, colds, fevers

Coolabah tree Eucalyptus coolabah Boiled bark Eye infections, cancer-fighting
properties

Kakadu or billy goat Terminalia ferdinandiana Boiled fruit Sores and skin infections

plum

Woolly butt tree Eucalyptus miniata Boiled bark Eye infections

Sandpaper fig Ficus opposita Boiled white inner bark Diarrhoea and stomach upsets

Tea tree Melaleuca sp. Boiled leaves Antiseptic

Gum trees Eucalyptus sp. Boiled leaves Antiseptic

Apple bush Pteropcaulon sphacelatum Boiled leaves Cold, flu, antiviral, congestion

Crushed leaves
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FIGURE 4.2.10 Examples of Australian native plants used for medicinal purposes: (@) Bush plum (Santalum lanceolatum), (b) snake vine (Tinospora
smilacina) and (c) desert fuchsia (Eremophila macdonnellii).

There is a lot of crossover in the type of plants used by different Aboriginal communities. The same
plants could be used for different illnesses in different regions of Australia. This is due to the wide spread
of the communities across regions and the availability of the plants depending on seasonal fluctuations
and environmental conditions. This wide range of uses creates a challenge for modern medicine and
pharmacologists in narrowing down the research for a particular medicinal plant used to treat or
cure a specific illness. For example, in some Indigenous communities, the ‘lolly bush’ (Clerodendrum
floribundum) leaves are crushed and boiled and the infusion obtained is used as an antiseptic lotion to
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cure sore, itchy and scaly skin, while other Aboriginal groups drank the infusion
FURTHER

as a tea to relieve headaches and severe cases of diarrhoea.

Coolabah trees grow in Far North Queensland.

Bioharvesting native plants from Country to Place In 2014, scientists discovered that the tree has
To be considered for medicinal purposes, plants must have a substance anti-cancer properties; however, pharmaceutical
R X . . . . ] industries were reluctant to extract the active
that is biologically active. The pharmaceutical industry calls this the ingredient. Research the case of the Coolabah tree, its
active ingredient. Australian native plants are hardy plants due to the dry anti-cancer properties and the reasons behind its lack

of use in western medicine. Prepare an audiovisual

conditions and extreme heat in many areas. As a result, it can be difficult .
presentation to accompany your research.

and sometimes expensive to extract the active ingredients from Australian

plants, and therefore many native Australian plants are not used in the o .
active ingredient

modern pharmaceutical industry. As Aboriginal people know how to prepare the plants to expose substance/s present
. . . . . . . . . . in a plant that is

those active ingredients, their infusions and ointments are effective in helping to treat or avoid biologically active and

illnesses and infections. it can be extracted for

medicinal purposes

Modern medicine has researched many native Australian plants
that contain active ingredients, such as the northern black wattle
(Acacia auriculiformis). This plant has alkaloids that inhibit the growth
of infectious bacteria such as Staphylococcus aureus, Streptococcus
pyogenes and Escherichia coli. The research on the active ingredient of
the northern black wattle was based on the traditional use of the plant
leaves as antiseptic.

Bioharvesting is a term used to define the activities involved in

Auscape/Frank Woerle

collecting living organisms from the natural environment to be used
as food or for medicinal purposes. Aboriginal and Torres Strait Islander
people have used bioharvesting to provide for their needs for hundreds
of years.

Modern medicine is aware of the benefits of many Australian = g8
native plants used by Aboriginal communities. However, the E;‘::d?pflﬁj” SIS et e e
bioharvesting from Country to Place to produce medicinal drugs
has ethical implications for local Aboriginal and Torres Strait
Islander communities. Many Country to Place areas are sacred or have a significant meaning for
the local Aboriginal and Torres Strait Islander community, and the knowledge about the use of
native plants as traditional medicines is considered to be Indigenous cultural and intellectual
property. In addition, and as previously mentioned, due to the nature of the Australian climate
and soil composition, many plants are slow to grow and tricky to pollinate, or they are found in
small patches of remote areas. Unsustainable bioharvesting of native plants affects the biodiversity
and ecological balance of natural native Australian environments. Therefore, before starting the
collection from Country to Place, pharmaceutical companies need to consult with the local land
council, local elders and Indigenous communities to understand the spiritual and biological value
of the area, and reach a consensus as to how the stakeholders will benefit from the bioharvesting in
an ethical way.

INQUIRING
FURTHER
A partnership created between Mt Romance (an Australian sandalwood company), Aveda (a US-based multinational

cosmetics corporation) and the Kutkabubba community (represented by the Songman Circle of Wisdom) has
recognised the intellectual property of Aboriginal communities for the use of the sandalwood tree.

4.2.16 Indigenous
peoples and
intellectual
Research and write a short article about the use of the sandalwood tree by traditional and modern medicine, and the property rights
ethical and legal processes followed by all the stakeholders to reach a consensus about the use of the sandalwood tree
and recognise the intellectual property of Aboriginal people.
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Emu bush - medicinal uses and bioharvesting

4.2.17 A review To investigate the medicinal use and bioharvesting of emu bush

of the use of

Eremophila MATERIALS

4.2.18 Eremophila, . o ) )
the emu bush The weblinks are secondary sources suggested for this investigation.

‘2o
Identify the geographical location of emu bush.
Identify the botanical classification of emu bush.
Outline all the different medicinal applications of emu bush by different communities across Australia.

Describe how emu bush was prepared by local Aboriginal communities to be used as medicinal plant
(e.g. infusions, crushed leaves, ointments).

Explain how emu bush is bioharvested, include areas, seasons and procedures.
Research the active ingredient/s in emu bush that can be used as a potential drug in modern medicine.

Contact your local land council to investigate the ethics behind the bioharvesting of emu bush in your
local Country to Place.

Create a visual media to be shown to the local communities during NAIDOC week.

DISCUSSION

In your display, present an analysis of:
the medicinal uses of emu bush in Aboriginal medicine and modern medicine
the ethical implications of bioharvesting emu bush from Country to Place.
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SECTION
REVIEW

REMEMBERING
1 Describe how science and technology are related in a continuous cycle.

2 Detail the impact of science and technology using an example.

3 Describe, using examples, the uses of plants by Aboriginal and Torres Strait Islander people.

UNDERSTANDING
4 Explain how technologies are useful when collecting evidence to support a scientific principle.

Give an example. 4.2.1 Symbiosis

. . .o L . . between
Explain how scientific principles drive the development of new technology. Give an example. technologies and
Explain the difficulties encountered by the pharmaceutical industry when collecting information from science

different Aboriginal communities in order to use native plants as medicines.

APPLYING
7 Bt Cotton is a genetic modified cotton plant developed in Australia that is resistant to pests. Assess the scientific
principles and technologies that have been applied to develop the genetically modified Bt cotton.
8 Since 1990, the Hubble telescope has orbited Earth collecting information about the cosmos. Assess how
this technology contributes to our scientific understanding of the universe.
9 You are the owner of a pharmaceutical company and the latest research tells you that there is a native
Australian plant growing in a specific area of the Northern Territory that has the perfect active ingredient to
develop an antiseptic cream to use on burns. Discuss a suggested procedure to follow to collect the native
plant from Country to Place. |
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CHAPTER REVIEW QUESTIONS

REMEMBERING

Define 'technology’ Identify some examples.
Describe how technologies can limit or enhance scientific advances.
Describe the differences between analogue and digital technologies.

Identify the types of errors that can happen when using technologies and give examples.

g1l N W N =

Describe the continuous cycle between advances in science and technology.

UNDERSTANDING

6 Discuss the importance of technologies to advances in science.

7 Explain the advantages and disadvantages of using analogue and digital technologies when collecting
data in an investigation.

Discuss the impact of a new technology on advances in science, using a specific example.

Using an example, discuss the impact of knowledge and understanding of scientific principles on the
development of technologies.

10 Summarise how Aboriginal and Torres Strait Islanders used native plants as medicine.

11 Discuss the ethical issues of bioharvesting from Country to Place.
APPLYING

12 Temperature affects the rate of a reaction. Design an experiment to test this statement. Explain what
technologies you are going to use to collect data and make a risk assessment about the use of those
technologies.

13 Temperature and pressure affect the volume of gases. A sample of hydrogen has an initial temperature of
40°C. When the temperature is lowered to —3°C, the volume of hydrogen becomes 180cm?. Calculate the
initial volume of hydrogen applying Charles'law.

14 Thetank of a scuba diver has a capacity of 10 L of compressed oxygen. Research whether the pressure
during deep-ocean diving will affect the volume of available oxygen for the diver.

15 A balloon contains 8L of helium. The pressure is reduced to 2.00 atm and the balloon expands to occupy
a volume of 20.3 L. Applying Boyle’s law, calculate the initial pressure exerted on the balloon.

16 Inatesting tunnel facility, a group of engineers are testing the speed of a hover train. Calculate the speed
of the train that travelled 500 m through the tunnel in 12 minutes.

17 A spear fisherman is trying to calculate how the speed that he can throw the spear affects the distance it
travels. He tested three different speeds measured over 30 seconds to improve his hunting. Decide what
speeds to use to test his spear. Create a table with the results and explain how speed affects the distance
that the spear travelled over 30 seconds.
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ANALYSING

18 Choosing the best technologies to use for an investigation is not an easy task. For each of the
investigations below, research and justify which technology is best suited to collect the data.

— Effect of temperature on plant growth
— Effect of pressure on oil extraction
— Effect of wind speed on racing car design

19 Discuss what scientific principles helped develop Positron Emission Tomography (PET) scan technology,
which detects cancerous tumours in patients with lymphoma, and how the technology helps in the
scientific understanding of lymphoma.

20 Eucalyptus oil is one of the major pharmaceutical exports from Australia. Research how the oil is
produced and how pharmaceutical companies have overcome ethical issues to collect the plants from
Country to Place.

21 Aboriginal Australians have a good knowledge about how to use thermoplastic resins extracted from
porcupine grass and grass tree. Research how Aboriginal Australians extract and use thermoplastic resins,
and discuss their uses.

SYNTHESISING

22 You are the head of the Academy of Science and a company that provides services for people with
disabilities has contacted you. They have asked you to create a simple device to help a person who
cannot open their hand properly to hold a spoon to eat. Write a short scientific report to submit to the
company.

In your report, write about:

a the technology that you are going to use to create the -\_e C k ﬂo \03 tj

device
b the scientific principles that you have applied to create \.\
' cnangegs
¢ theimpact that the knowledge of science has on how J
you have created this device.

23 Write an interview for an Aboriginal or Torres Strait U M a r\ S

Islander elder to learn and discuss what local plants are
available to collect for medicinal purposes from the local

Country to Place. If you have the opportunity, record the \
interview for your NAIDOC week. 0 ) .

© Gapingvoid Culture Design Group - All rights reserved.

EVALUATING

24 Space exploration is a controversial issue. Some people
are against it because they argue that the amount of
money spent on exploring space would be better used
for health and education here on Earth. In class, debate
this issue by applying the knowledge learned from this
chapter about the impact of technologies on scientific E— A‘amn .
developments.

@9apingvoid

25 Look at the cartoon (Figure 4.3.1) and evaluate its
statement in terms of the following:
FIGURE 4.3.1 lllustration about the differences
between the advances in technology and
= Why did the cartoon say that humans do not change? humans.

= How technology has affected today’s society.
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MEDICINAL USES OF NATIVE PLANTS

Suggested length: 10 hours including research and submission of visual media

BIOLOGY

Focus: Analysis of secondary sources, visual media (e.g. video/sway)

SECONDARY-SOURCED INVESTIGATION SCAFFOLD

Syllabus outcome
4~4-1t§ecf?”daw Write a summary of the syllabus outcome you will be investigating.
Investigation X X - . X
scaffold Syllabus statement: Investigating the medicinal use of native Australian plants.
Note: You can choose only one plant, or you can investigate different native plants and compare their uses
across different areas and communities.
Inquiry question
This is the question you will investigate, analyse and discuss in the investigation. Suggested examples:
= Are all the native Australian plants suitable to be used as medicinal plants?
= What properties or active ingredients in a native Australian plant would be suitable for medicinal use?
= Why are different native Australian plants used for the same medicinal purpose?
Introduction
This is the background information about the topic. In a primary investigation, identify the experiment you will
conduct. In a secondary investigation, make sure that your sources are valid.
= Write around 800 words
= Define medicinal plant and describe the botanical characteristics of your chosen plant
= Explain what an active ingredient is, and how it can be identified and extracted
= Explain how pharmaceutical companies create medicines and compare with the methods of Aboriginal
Australians
Hypothesis (if applicable)
This is an educated guess as to what will happen in when you relate the independent and dependent variables.
Aim
Write one sentence starting with ‘To'followed by a verb; for example, investigate, ‘measure’ ‘test’and so on.
To investigate the medicinal use of native Australian plants.
4.4.1 Top 10 s d
Aboriginal bush econdary sources
medicines List all of the sources used and cite them using the correct protocols. See weblinks for suggested references:
4.4.2 Bush = Sultanbawa, Y. & Sultanbawa F. (2016), Australian Native Plants: Cultivation and uses in the health and food
medicine - industries, CRC Press Publisher.
Aboriginal
remedies for = Australian Institute of Aboriginal and Torres Strait Islander Studies (2017), Publications.

common ills = Australian National Botanic Gardens educational services (2000), Aboriginal Bush Medicine.

4.4.3 Aboriginal
plant use in south- Investigation design
eastern Australia

Outline how you will design the final presentation of your information.

»
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» SECONDARY-SOURCED INVESTIGATION SCAFFOLD

Procedure
These are numbered steps. Each sentence must start with a verb. For example:

1 Choose one or more Australian medicinal native plants to compare. Some examples are emu bush
(Eremophila sp.), Kakadu plum (erminalia ferdinandiana), snake vine (inospora smilacina), sandpaper fig (Ficus
opposita), goat’s foot (Ipomoea pes-caprae).

Research the botanical characteristics of the plant/s and geographical distribution across Australia.
Research all the different medicinal uses across different communities and regions.

Explain how the plant is prepared for medicinal use (e.g. infusing, crushing or leaching).

Compile all the medicinal uses and analyse common patterns and trends.

o U~ W N

Investigate the active ingredient in the plant and discuss whether the ingredient can be produced to create a
new medicine.

7 Analyse ethical issues in relation to bioharvesting the plant from Country to Place.

It would be beneficial if you can liaise with a local Aboriginal community, elders or the local Land Council to do
this research.

Results
These could be recorded in tables, graphs, observations in sentences, interviews with local Aboriginal elders.

Validity and reliability

Validity means the sources are from reputable education, government or scientific websites, journals and
textbooks.

Reliability means a similar explanation of the concepts is evident in and collected across many sources

Discussion and conclusion
Analyse your findings to answer your hypothesis, aim and inquiry question/s.
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ORGANIC POLYMERS

Suggested length: 10 hours including research and submission of report

Focus: Primary investigation, scientific report

PRIMARY INVESTIGATION SCAFFOLD

Syllabus outcome

4'5-15“?“’ Write a summary of the syllabus outcome you will be investigating.
Investigation
scaffold Syllabus statement: Production of a polymer (organic or/and inorganic) to test the effect of temperature on

reaction rate.

Inquiry question

This is the question that you have to investigate, analyse and discuss in the investigation, such as the following.
= How does temperature affect the formation of a polymer?

= How are the properties of a polymer affected by temperature?

= What polymers are more affected by temperature?

Introduction

This is the background information about the topic to investigate. In a primary investigation, identify the
experiment you will conduct. In a secondary investigation, make sure that your sources are valid.

= Write around 800 words
= Define polymers and explain how they are created
= Describe your chosen polymer and how it is produced; include chemical formulas and diagrams

Hypothesis lif applicable)

This is an educated guess as to what will happen when you relate the independent and dependent variables.

Aim
Write one sentence starting with ‘To'followed by a verb for example ‘investigate,‘measure, ‘test’and so on.
To investigate the formation of a polymer (organic or/and inorganic) under different temperatures.

Investigation design

Outline how you will design the final presentation of your information. Include the following in your design:
= independent, dependent and controlled variables

= control and treatments

= diagrams of experimental apparatus, if needed.

Procedure
Write the procedure in numbered steps. Start each sentence with a verb, as shown below.
1 Choose a polymer (organic/inorganic or both to compare).

2 Perform experiments to test the effect of different temperatures on the formation and properties of your
chosen polymer.

Write a log book with your research and experimentation.
Measure the temperature with thermometers and data loggers to compare technologies.
Record your results in tables, observations and graphs.

o & W

Analyse your results and write a scientific report. »
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» PRIMARY INVESTIGATION SCAFFOLD

Results

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

Validity and reliability

Validity is related to the procedure and equipment used to perform your experiment, while reliability is ensured
by repeating the experiment to confirm similar results and reduce the chance of errors.

Discussion and conclusion
Analyse your findings to answer your hypothesis, aim and inquiry question/s.

Secondary sources

List all sources you have used and cite them using the correct protocols. See weblinks for suggested references:
= CHM130 Organic lab, (2017) ‘Organic polymers, the synthesis of nylon’

= Brewer, J. (2017) Assilly polymer. University of Illinois, MAST.

= ‘Experiment. Polymers'(2017), Materials of Engineering Laboratory, LSU.

= Polymer Chemistry group (2017) Projects (2017) The University of Queensland.

4.5.1 Organic
polymers, the
synthesis of nylon

4.5.2 Assilly
polymer

4.5.3 Experiment -
polymers

4.5.4 Polymer
chemistry group —
projects
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BOOMERANGS AND SPEED

Suggested length: 10 hours including research and submission of video to be presented
to the community during NAIDOC week

Focus: Primary investigation, video

PRIMARY INVESTIGATION SCAFFOLD

Syllabus outcome

4.6.1 Primary . i . o
investigation Identify the syllabus outcome you will be investigating.

scaffold Syllabus statement: Changes of speed on distance travelled.

Inquiry question

This is the question you will investigate, analyse and discuss in the investigation. For example:

= How does the shape of the boomerang affect the speed and distance travelled?

= How does the force applied when throwing a boomerang affect the speed and distance travelled?
= Why does the shape of the boomerang affect the speed and distance travelled?

Introduction

This is the background information about the topic to investigate. In a primary investigation, identify the
experiment you will conduct. In a secondary investigation, make sure that your sources are valid.

= Write around 800 words

= Define speed and explain how speed affects distance travelled by different objects, include formulas
= Describe what a boomerang is and how Aboriginal people use it

= Explain the physics behind throwing boomerangs, include diagrams and formulas

Hypothesis [if applicable)

This is an educated guess as to what is going to happen in your investigation relating the independent and
dependent variables.

Aim
Write one sentence starting with ‘To'followed by a verb; for example, investigate, 'measure’ ‘test’and so on.
To investigate the ... (related to your inquiry question)

Investigation design

Outline how you will design the final presentation of your information. Include the following in your design:
= independent, dependent and controlled variables

= control and treatments

= diagrams of experimental apparatus if needed.

Procedure

Write the procedure in numbered steps. Each sentence must start with a verb; for example:

1 Select two or more different types of boomerangs to investigate.

2 Consult with an Aboriginal elder about how boomerangs are made and the throwing techniques.

3 Set up relevant equipment to measure speed and distance. (Write detailed steps of how you will do this). »
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» PRIMARY INVESTIGATION SCAFFOLD

Results

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

Validity and reliability

Validity is related to the procedure and equipment used to perform your experiment, and reliability is associated
with repeating the experiment to confirm similar results and reduce error.

Discussion and conclusion
4.6.1 Boomerangs

Analyse your findings to answer your hypothesis, aim and inquiry question/s. as vector rotation

Secondary sources 4.6.2 What makes
) . ) ) a boomerang come
Lis all sources used and cite them using the correct protocols. See weblinks for suggested references: back?

= Nave, R. (2017), Boomerangs, Hyperphysics 4.6.3 Boomerang
= 4Physics (2012), Why does a returning boomerang come back? physics 101

= Boomerang Association of Australia (2017), How to throw a boomerang.
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AUSTRALIA’'S GEOLOGICAL HISTORY

Suggested length: 10 hours including research and submission of data analysis report

Focus: Analysis of data from secondary sources

SECONDARY INVESTIGATION SCAFFOLD

Syllabus outcome

4.7.1 Secondary- . ) ) N
source Write a summary of the syllabus outcome you will be investigating.

investigation
scaffold

Syllabus statement: Analysis of technologies to collect data that support evidence about Australia’s geological history.

Inquiry question
A question that you have to investigate, analyse and discuss in the investigation, such as:

= How did scientists use different technologies to collect evidence about the geological history of Australia
from the past to today?

= Using different technologies, what type of evidence did scientists collect about the geological history of
Australia?

= What technologies have had a major impact in collecting evidence on the geological history of Australia?

Introduction

This is the background information about the topic being investigated. In a primary investigation, identify the
experiment you will conduct. In a secondary investigation, make sure that your sources are valid.

Suggested points:

= write around 800 words

= describe the Australia continent geologically

= explain the movement of the Australian plate

= describe the technologies use to collect evidence about Australia’s geological history

Hypothesis [if applicable)

This is an educated guess as to what is going to happen in your investigation when relating the independent
and dependent variables.

Aim
Write one sentence starting with ‘To'followed by a verb such as ‘investigate,'measure; or ‘test’ For example:
To analyse the technologies used to collect data that support evidence about Australia’s geological history.

4.7.1 BMR Journal

of Australian Secondary sources
ge°’°’?y,& List all the sources you have used in your investigation and cite them using the correct protocols.
eophysics .
_ See weblinks for suggested resources:
4.7.2 Australia’s ; ; ; ) ;
fossil past = Struckmeyer, H. & Totterdell, J. (1990), Australia — Evolution of a Continent, Geoscience Australia.
4.7.3 Australian = Geoscience Australia (2017), Australian landforms and their history.
landforms and ® CSIRO (2017), Big data for Earth sciences.
their history

= Virtual Geophysics Laboratory (2017), Nectar Group. National Research Infrastructure for Australia.
4.7.4 Landforms

4.7.5 Big data for Investigation design
Earth sciences

Outline how you will design the final presentation of your information. »
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» SECONDARY INVESTIGATION SCAFFOLD

Procedure
Write the prodedure in numbered steps, with each sentence starting with verb. For example:
1 Choose two or more technologies used to collect geological data, one used in the past and one currently.

2 Research the type of data that each technology collects and how that data supports the evidence for
Australia’s geological history. Include maps and data tables comparing the technologies and types of
evidence.

3 Discuss and analyse your collection of evidence to compare the technologies.

Results

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

Validity and reliability

Validity is related to using sources from reputable education, government or scientific websites, journals and
textbooks. Reliability means a similar explanation of the concepts is evident in and collected across many
sources.

Discussion and conclusion
Analyse your findings to answer your hypothesis, aim and inquiry question/s.
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‘ MODULE 7 FACT OR FALLACY?

122

American scientist and sceptic, Michael Shermer, is credited with saying, ‘Science is the best tool ever
devised for understanding how the world works'.

Indeed, the application of science has helped society make tremendous advances, particularly in the
last 300 years. However, as Shermer states, science is a tool that is ultimately used by humans and, as such,
is only as good as the humans who wield it. For this reason, the scientific process has numerous conventions
to compensate for the inevitable errors, misrepresentations and occasional frauds that result from human
failings.

« How can a claim be tested?

« What factors can affect the way data can be interpreted, analysed and understood?

«  What type of evidence is needed to draw valid conclusions?

« How does the reporting of science influence the public’s understanding of the subject?
« Can the scientific community and the process of peer review find ‘the truth’?
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é Students investigate:
& - Testing claims » Reading between the lines
o
» Impacts on investigations « Science as self-correcting — the issues
« Evidence-based analysis
ph
s A student:
§ = selects and processes appropriate qualitative and quantitative data and information using a range
(S] of appropriate media INS11/12-4

= analyses and evaluates primary and secondary data and information INs11/12-5

= solves scientific problems using primary and secondary data, critical thinking skills and scientific
processes INS11/12-6

= communicates scientific understanding using suitable language and terminology for a specific
audience or purpose INS11/12-7

= uses evidence-based analysis in a scientific investigation to support or refute a hypothesis INS12-14
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true

3 depiction of 3
phenomena that
conforms to or reflects
reality

contradiction

3 statement or depiction
that is inconsistent and
does not adhere to
logic when compared

to one or mare

other statements or
depictions

5.1.1 Science aims
to explain and
understand

5.1.2 Swallowing it:
how Australians are
spending billions on
unproven vitamins
and supplements

5.1.3 No rust bust:
warning re car rust
reduction devices

5.1.4 Heart of the
matter

5.1.1 Testing
claims
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@ Testing claims

Claims of ‘truth’

Every day we are confronted by claims, propositions and statements that the media, educational
institutions, the healthcare system, the church, the law, our community and our family and friends
understand to be true. However, when we examine and compare these claims by various individuals
and institutions in detail, there invariably are different interpretations and even contradictions
regarding what people believe to be true. This means making informed decision can be difficult

flickr/Brett Jordan
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\V IS FALSE

\s TRUE

FIGURE 5.1.1 Just like the buttons above, working out which
claim to ‘truth’is real can be exceptionally difficult when two or
more contradictory claims are made.

because it becomes impossible to be
certain that the information provided is a
reflection of reality or a misguided belief.

This is where science comes in, as a
primary purpose of the scientific process
is to understand, with as much validity as
is possible, what the truth of the world
really is. The scientific process is the
best tool we have to test and evaluate
claims on the truth. Consequently,
science can be thought of as a discourse,
or discussion, conducted by scientists
over time and around the world, as
they investigate phenomena and make
claims and counter claims on what the
truth really is. The eventual outcome
of this is discourse is that it allows
individuals, communities, institutions

and governments to make decisions on the most accurate information available in order to promote

progress and, hopefully, benefit society as a whole.

INQUIRING
FURTHER

Itis common to find contradictory claims to truth in the wider society. Often these claims are controversial, as different
parties try to assert the validity of their claim. As such, the public is exposed to mixed messages on the issues and this

means making an informed decision can be difficult.

Examples of this include the effectiveness of vitamin supplements, the use of computerised electronic corrosion
inhibitors (CECI devices) for motor vehicles, the effectiveness of cholesterol medication for treating heart disease and
the role of sugar in weight gain. Research details on the conflicting claims around these products using the weblinks

provided.



Testing a claim

Every day we are confronted by different claims; for example, that insects only live for 24 hours, or that
one cleaning product is superior to another. If we do not investigate these claims, they can spread quickly.
Accepting a claim at face value can be detrimental, especially when it affects people’s lives. For this reason,
scientists often test claims to determine their validity and reliability.

To conduct an investigation to test a common claim and determine its validity. Choose an investigation from
one of the following points or create your own.

House flies only live for 24 hours

Water conducts electricity

Diamond is the hardest mineral

pH indicators change colour at a pH of 7

MATERIALS

Relevant equipment and secondary sources to conduct the investigation. Be sure to do a risk assessment on
any materials that have an associated risk.

PROCEDURE

Make a prediction and propose a hypothesis based upon an inference about the selected claim.

Plan and conduct an investigation on the selected claim. You should consider validity, reliability and
sources of error by:

controlling the variables

making use of control groups

selecting appropriate sample sizes

repeating the experiment to confirm results

confirming measurement and observational accuracy.
(See Chapters 1 and 2 for further details.)

Conduct a secondary-source investigation on the claim to verify the accuracy of your investigation.

Analyse the data and compare the results with the prediction and the proposed hypothesis.

DISCUSSION

Outline and justify the methods used to ensure the investigation was valid.

Describe the ways the investigation could be improved to increase its validity.

Outline and justify the methods used to ensure the investigation was reliable.

Describe the ways the investigation could be improved to increase its reliability.
Describe the possible sources of error in this investigation, both random and systematic.
Discuss how errors can be accounted for in a report on a scientific investigation.
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sample bias

is the tendency to under
or over represent a
particular group within
the sample population

convenience
sampling

3 sample that is used
in an investigation
primarily because it
is the most readily
available sample that
the investigator can
access

voluntary response
samples

a sample (most
commonly of people)
that is investigated
because they are willing
to take part in the
investigation
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The influence of sample selection and sample size

There are a number of ways that a scientist can inadvertently distort or bias the results they obtain
from their data through the way they select the sample used in the investigation. This has important
implications if scientists are trying to collect data and draw conclusions that are based on a true
representation of the world. The two most common ways in which sampling error can be introduced is
inappropriate sample selection and poor sample size, both of which can lead to the increased chance of
random effects caused by an inadequate sampling protocol.

Sample bias

Sample bias is an important consideration when determining the validity of an investigation. Sample
bias can occur if the scientist or researcher fails to consider whether the sample they are examining
is truly representative of the population they wish to investigate. Typically, such biases are inadvertent
and not something that the scientist or researcher is consciously aware of, however, such biases do have
implications for the validity and reliability of the investigations conclusion.

For example, Ashish wants to investigate the inquiry question ‘How does the concentration of salt in
the soil affect the growth of wheat plants?” Ashish gathers 20 large planting trays, fills them with identical
soil and sets about planting out the trays with 20 wheat seeds in each before watering with various
concentrations of salt water. However, Ashish has inadvertently selected a variety of wheat that has been
bred to be salt resistant. Consequently, when Ashish presents his results, the levels of salt tolerance are
greater than if Ashish had selected a mixed sample of wheat seeds. Unfortunately, Ashish's work could
create problems if someone wants to use his results to determine if they can grow wheat in their salt-
affected soil. Such a sample bias is likely to see the crop fail.

The above example with Ashish
is most likely to have been caused by
convenience sampling, which occurs
because the sample selected is the most
readily available to the researcher. In
Ashish’s case, it is likely the seed used
was the first available wheat seed he
found. Another example of sample bias
is voluntary response samples, which
are common to investigations that
involve volunteers. These tend to be
biased towards people from a particular
demographic who are more willing to
participate in surveys and experimental

The University of Adelaide

FIGURE 5.1.2 Agronomists go to significant lengths to eliminate
sample bias by planting growth trails of various crops and varieties in
different conditions. The above image is of a growth trial of a number
of varieties of wheat and barley grown in salt-affected soils.

trials; for example, middle class people
who speak English as their first language.

It is not always possible to eliminate
sample bias in an investigation, what is
more important, however, is that the scientist acknowledges these possible sources of sample bias when
they report their results so that those reading the report can make informed decisions with this in mind.



Sample size is an important consideration when determining the reliability of an investigation. Problems
with sample size typically arise when the sample size is too small to eliminate random chance from
swaying the results.

An example of this is demonstrated by tossing a coin to determine the chances of it landing heads or
tails. If the coin is only tossed 10 times, random chance may produce a result that sees the coin land eight
times on heads and only two on tails. From this, we could easily conclude that when a coin is tossed there
is an 80 per cent chance that it will land on heads. However, if we increase the sample size to 1000 tosses
instead of 10, it becomes far more likely that we will see a more reliable result of a 50 per cent chance of
getting a head or tail.

. . FIGURE 5.1.3
A Frequency of heads in 20 coin tosses (p =.5) St iy et

8 is tossed 20 times,
random chance
will mean that 14
heads will be tossed
4 per cent of the
time. This type of
random variation
has implications
for determining
the reliability of an
investigation.
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Consequently, the greater the sample size, the more reliable the results are likely to be. However,
collecting results for large samples is extremely time consuming and often costly, so scientists need to
predict which sample size will be large enough to produce reliable results, while eliminating unnecessary
sampling that would only confirm the data already obtained.

Determining optimum sample size typically depends on the confidence level and confidence interval
that the researcher determines they need to obtain a reliable result. Typically, the confidence level is set
at 95 per cent, this indicates that if the investigation was conducted on another random sample, then
the results would be comparable to the real population 95 per cent of the time. The confidence interval
is expressed as a value, with an associated margin of error that reflects the results of the investigation. A
sample size calculator is often used to determine how large a sample needs to be to meet these required
reliability thresholds.

It is not uncommon for science and advertising claims to contradict each other. The primary reason
is that these fields have different purposes. The purpose of science, it can be argued, is to develop an
understanding of the truth of the world and empower people to make informed decisions, while the
purpose of advertising is to persuade a potential customer to purchase a good or service. For this reason,
advertisers employ a variety of different techniques, some of which take advantage of innate human biases
and vulnerabilities, to persuade customers to purchase their products. However, by testing advertiser’s
claims using the scientific process, it is possible to become aware of such biases and vulnerabilities and
determine the real merits of a product sold in the market.

5.1.5 Sample size
calculator

confidence level
expressed as a
percentage likelihood
that a repeated
investigation on a
random sample will
produce a comparable
result

confidence interval
avalue, with an
associated margin of
error, that indicates

the range in which a
random sample from
the population is likely
to fall into for a given
measure of treat