
Are you ethical? Does it matter? What 
influences your opinions, values and 
beliefs? How do your attitudes affect 
when, how and why you learn? How 

and why do you think the way 
that you do? Is it ever worth 

changing your mind? Why 
doesn’t everyone think the 
same way as you do? Who 
are you and who are you yet 

to become?
Einstein’s theories were 
used to develop nuclear 

weapons — something he 
ethically opposed. Should 

scientists be responsible for 
how their inventions are used?

1 Think quest

Think about these
•	 What	are	the	ABCs	of	attitude?
•	 Are	you	obeying	the	proximate	rules	of	others?
•	 What	are	four	key	ways	of	knowing?
•	 What	have	Socrates,	Karl	Popper	and	Thomas	Kuhn	

got	to	do	with	thinking	about	knowledge?
•	 What	scientific	event	occurred	the	year	that	

Einstein	was	born?
•	 Is	all	news	about	radioactivity	bad?
•	 Can	unethical	behaviour	ever	be	justified?
•	 Who	owns	genetic	material?

In this chapter:
1.1 SCIENCE AS  A  HUMAN ENDEAVOUR

ABCs	of	attitude	
1.2 SCIENCE AS  A  HUMAN ENDEAVOUR

Layers	of	learning	
1.3 SCIENCE AS  A  HUMAN ENDEAVOUR

Change	my	mind	
1.4 SCIENCE AS  A  HUMAN ENDEAVOUR

Einstein’s	impact	

1.5 SCIENCE AS  A  HUMAN ENDEAVOUR

Nuclear	news	
1.6 SCIENCE AS  A  HUMAN ENDEAVOUR

Decisions,	responsibilities	and	ethics	
1.7 Thinking	tools:	See	quest	

Study checklist/Digital resources 
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YOUR QUEST
What makes you, you?
Who are you? What do you need? Why do you react 
in the ways that you do? Possible answers to questions 
about the essence of who you are may be related to:
•	 the chemical instructions in the DNA that you 

inherited from your parents
•	 your experiences and the environment in 

which you live
•	 a combination of both of these.

Are you a product of only your genes or your 
environment, or do they both contribute to make you 
who you are? Scientists have been involved in this 
‘nature versus nurture’ debate for many years. Which 
do you think is the key contributing factor to why 
you are you?

Bombarded by the media
We are in an age of information. In fact, you are 
continually being bombarded by it! How can you begin 
to make sense of all the information you receive? How 
can you better evaluate it? How can you incorporate 
this new information into what you already know 
to develop a better understanding of the world in 
which you live?

To effectively evaluate articles in the media you need 
to be able to determine what the facts are, and consider 
the type of journalism, the quality of writing and the 
article’s ability to effectively present its message.

THINK, ANALYSE AND INVESTIGATE

What makes good news?
Read the article headlines and opening paragraphs 
below, and then answer the following questions.

1 For each article, consider the following.
(a) What do you think the article is about?
(b) What type of article do you think it is? Is it:

(i) sensational
(ii) informative
(iii) entertaining

(iv) thought 
provoking?

(c) Use the internet to find further content from 
each article and find out more about the story 
by using search parameters such as the article 
headline and newspaper source.

(d) Analyse the language and style of writing used in 
the article. What kind of audience do you think 
this article was written for?

(e) Do you think you need to be a scientist to 
understand what the author is writing about?

(f) Did the article headline grab your attention and 
make you want to read more? If not, how could 
it be improved?

(g) Research one of the events or issues mentioned 
and write your own article about it. Collate the 
class articles into a journal or newspaper.

2 The first of these articles was written more than ten 
years ago.
(a) What types of environmental and scientific 

problems did people face at the time?
(b) Are they similar or different to those we 

face today?
(c) Use the internet to find out more about the 

following issues mentioned in the articles:
(i) carbon tax
(ii) China syndrome
(iii) nuclear power
(iv) millennium bug.

(d) How do you think people’s opinions of the 
above issues have changed in the past ten years? 
Justify your answer.
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Sitting on the fence can be boring! It’s okay to have 
an attitude. In fact, you can have lots of attitudes.

Who are you?
Attitudes
Who you are, or your sense of identity, is a result of 
your attitudes, opinions, values and beliefs. Attitudes 
are a combination of feelings, beliefs and actions. 
These may be negative or positive and may be towards 
an event, object or person.

Social psychologists generally agree that there are 
three main components to any attitude:
•	 Affective
•	 Behavioural
•	 Cognitive.

Coloured glasses
Opinions, values and attitudes involve making 
judgements about the desirability of something, 
whereas beliefs usually do not. Your values may 
involve making personal judgements and represent a 
deeper commitment than an attitude would. Values 

also act as standards in your decision making. Opinions 
can be expressed as a point of view that is based on 
known facts or available information. Although beliefs 
reflect what we think and know about the world, 
they do not have to be based on fact. While you may 
see the world through the lenses in your eyes, your 
perceptions are filtered through your beliefs and 
assumptions.

Other lenses
Your family, cultural and social environments also 
play a part in how you perceive the world. Your 
attitudes, values and beliefs may be quite different 
due to the influence that these factors have on how 
you shape and organise your understanding of what 
happens around you. The time that you live in is also 
important. Imagine the effect this has had on scientists 
throughout different times in history.

Showing an attitude
Attitudes can be communicated both verbally and 
non-verbally. We express them in the words that 
we speak, our posture, our use of space, gestures, 

ABCs of attitude

1.1 S C I E N C E  A S  A  H U M A N  E N D E A V O U R

Meet Professor Veena Sahajwalla
Meet an engineer who is also a television presenter on The New Inventors.
 eles-1071
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Affective Behavioural Cognitive

The affective
component of your  

attitude involves
your feeling towards
people, events and

things.

The behavioural 
component of your

attitude involves
how you express

yourself. 

The cognitive 
component of your

attitude involves
your thoughts,

beliefs and
opinions.

The ABCs of attitude

You
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Proximate rules: Think of specific examples of how they apply 
to you and others around you.
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facial expressions, and 
the tones, inflections, 
volume and pauses in our 
speech. Another way of 
communicating our attitudes 
may be through the use of 
paralanguage. Paralanguage is 
communicating your specific 
meaning through the way 
that you speak, as well as 
what you say.

Not too close!
Our attitudes can also be 
expressed by the distance 
that we place between 
ourselves and others. 
Proximate rules determine the 
physical distance (in zones) 
that is comfortable between 
people depending on their 
relationships.

The language of understanding
Who are you and who are you yet to become? 
How can your use of language and nonverbal 
communication give the right impression about who 
you are? How do your attitudes affect when, how and 
why you learn? Can you remember different types of 
learning in different ways? How can you make your 
learning and understanding more effective?

To learn … or not to learn?
Learning often involves taking a risk. Taking risks can 
make you feel uncomfortable and take you out of your 
comfort zone. There are times when it is necessary 
to sacrifice competence and control, and to tolerate 
frustration and confusion. Imagine how far a scientist 
would get if they took only the easy, well-trodden 
path. How many amazing discoveries would remain 
hidden and out of reach?

There are other times when the risks and potential 
learning are not to your advantage. At these times you 
need to protect yourself. Can you think of examples 
when this may be appropriate?

Analyse

Argue

Contrast

Compare

Criticise

Perspective

Evaluate

Judge

Translate

Tell a story

Read between the lines
Produce

Create
Design

Solve

Decide

Show

Synthesise

Demonstrate

Justify

Design

Self-assess

Be aware of

Realise

Recognise

Re�ect

Consider

Believe
Be like

Relate

Imagine

Language of
understanding

Apply

Interpret

Self-knowledge

Explain

Empathy

What sorts of questions 
do you ask yourself 
to decide whether 
you should take on 
new learning?
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UNDERSTANDING AND INQUIRING
THINK AND DISCUSS

1 

•	
•	
•	
•	
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Learning can happen in layers. For instance, when you 
learn a new game you start by learning what the game is 
about — you acquire the specific conscious knowledge. 
As you play the game, you begin to develop the more 
intuitive know-how that is necessary to play it well.

The Is of learning
Your learning may involve the use of tools from 
drawers in your learning cupboard:
•	 imagination
•	 intuition

•	 intellectual skills
•	 immersion.

The illustration below describes how these tools can 
be put to use to enhance your learning.

Layers of learning

1.2 S C I E N C E  A S  A  H U M A N  E N D E A V O U R

Intellectual skills:
of language and
reasoning. You use
these to segment,
analyse and
communicate your
experience. 

Immersion: in the
experience using 
practical tools to
explore, investigate
and experiment.  

Imagination: using
skills of fantasy,
visualisation and
storytelling. These
skills help you to
create and explore
hypothetical worlds.

Intuition: where
your creative
ideas germinate
and develop.
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The Rs of learning power
Resilience is about believing in yourself 
and having the ability to tolerate 
sometimes feeling a little uncomfortable. 
As learning is an emotional business, 
your ability to tolerate emotions is 
important. Learning is not always fast and 
smooth; there can be frustrating flat spots, 
exhilarating highs and upsetting setbacks. 
Resilience helps you to stick with it and 
recover from any disappointments. It is 
important in learning to help you tolerate 
your emotional seesaw.

Reflectiveness is being self-aware and 
mindful of what could be and what has 
been. It involves being open-minded 
and sometimes standing back and looking at the big 
picture; asking yourself if your own assumptions are 
getting in the way of the truth.

Responsibility is being able to manage yourself and 
your learning. It’s about monitoring your progress and 
thinking about other options and different perspectives.

Resourcefulness is knowing what tools you have and 
when to use them. It’s about taking responsible risks 
and using a range of appropriate learning tools and 
strategies.

Lifelong learning
Learning can be considered as ’what you do when you 
don’t know what to do’. Learning to learn can involve 
using your social and material tools and resources to 
get better at knowing when, how and what to do when 
you don’t know what to do. Your understanding of 
the world is shaped by what you experience directly or 
what is communicated to you by others.

Ways of knowing
Many argue that we are currently in an age of 
information overload. We are constantly being 
bombarded with information from a variety of 
sources, many of these associated with the media. 
Some of the information that you are exposed to may 
not be accurate or the whole story. The information 
may be biased in the selection, emphasis, word 
choice and context used. It is important that when 
interpreting information you are aware of these 
possible biases. You also need to be aware of your 
own biases!

In making sense of this new information, you 
need to focus on the ways in which you build your 
knowledge. How you — as a ’knower’ at the centre of 
your learning — use your senses (e.g. sight, hearing, 
smell, touch and taste) to perceive your world, and 
emotion, reason and language to interpret what you 
sense. As you read through the information in this 
chapter, view them through the lenses of these four 
ways of knowing.

Engage
intellectually

with uncertainty

Persist when
times are tough

Use a varied
tool kit of learning

approaches

Make choices
about what to

learn and when

Have the courage
and enthusiasm

to take responsible
learning risks Make choices about

when to not take up
learning invitations

Lifelong
learning
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UNDERSTANDING AND INQUIRING
REMEMBER, THINK AND SHARE

1 

2 

3 

4 

5 

1.1 Layers of learningwork
sheet

INVESTIGATION 1.1

Where do you stand?
 AIM  To reflect on and make decisions regarding a 
variety of claims

METHOD AND RESULTS

1 

2 

DISCUSS AND EXPLAIN

3 

4 

0
Strongly
disagree

4
Strongly agree

1
Disagree

2
Neutral

3
Agree
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‘One thing only I know, and that is that I know nothing.’ This statement is often linked 
to a Greek philosopher called Socrates (470–399 BC), who had a major impact on 
Western thinking and philosophy. This statement, however, also goes against what 
is commonly thought about science and scientists. Some consider that science will 
always have the answers and that scientists know all. Not only is such a belief untrue, 
it is also potentially dangerous. Thinking flexibly and with an open mind are better 
traits for a scientist to possess. The history of science and philosophy is littered with 
theories that at one time were considered to be answers, but were later discarded.

A tree of knowledge
What is now considered science may also be described 
as a branch of philosophy. This branch is involved in 
trying to explain our observations from both inside 
and outside our bodies. There are many different ways 
to analyse the tree of knowledge that we call science. 
Three of these ways are:
•	 inductionism — suggests that 

scientific knowledge is proven 
knowledge and that large 
amounts of first-hand data, 
unbiased observations and a 
structured method can lead 
to theories that can become 
universal laws

•	 falsification — the 
philosopher Karl Popper 
(1902–1994) believed that  

no theory was ever 
proven beyond doubt. 
He believed that 
theories were just 
educated guesses and 
if they failed rigorous 
testing they should be 
thrown out.

•	 paradigms — or ways of thinking. Thomas Kuhn 
(1922–1996) saw science as being generated 
by basic theories or groups of ideas that are 
followed and defended by scientists. These 
paradigms are accepted even when data suggest 
that they may not be true. Only when the evidence 
against the theory becomes too great does the 
paradigm change, to be replaced by another, until it 
too is replaced.

Change my mind

1.3 S C I E N C E  A S  A  H U M A N  E N D E A V O U R

Socrates

Karl Popper

HOW ABOUT THAT!
Newton (1643–1727) and Descartes (1596–1650)
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UNDERSTANDING AND INQUIRING
THINK AND DISCUSS

1 

2 

3 

4 

5 

INVESTIGATE AND PRESENT

6 

7 

8 

9 

Changing theories
Theories can change overnight, or 
take a very long time to change. 
Theories that were once popular 
and well accepted may be discarded 
when too much evidence builds 
up against them. They are replaced 
by a theory which better fits the 
observations. The examples in this 
section describe a past instance of 
rival theories and a current debate 
in astrophysics.

Invisible stuff
Until recently, it was accepted that 
about 23 per cent of our universe 
was made up of stuff that we can’t 
even see. This invisible dark matter 
is said to lurk in the hearts of 
galaxies and keep the outermost 
stars from flying off into the void. It 
is thought to be responsible for the 
appearance of clusters of galaxies. 
But what if this isn’t the case?

Newton’s theories are again 
being questioned. A growing 
number of astrophysicists support 
a controversial new theory called 
Modified Newtonian Dynamics 
(MoND), which has led to some 
surprising predictions about 

the evolution of the universe. 
Previously, galaxies were thought 
to have formed from relatively 
dense pockets of matter with dark 
matter holding them together. The 
laws of the MoND theory suggest 
a different picture is possible. If 

correct, this theory could overthrow 
the established view of gravity 
and dark matter. These two areas 
underpin almost everything known 
about astronomy. MoND may also 
lead to a rethinking of Einstein’s 
theory of relativity.

1933 Fritz Zwicky coins the term ‘dark matter’ to describe unseen mass 
or ‘gravitational glue’ in galaxy clusters.

1978 Astronomers show that many galaxies are spinning too quickly to 
hold themselves together unless they are full of dark matter.

1983 Mordehai Milgrom publishes a modified gravity theory called 
MoND. It explains why galaxies don’t fly apart without using dark 
matter, but remains at odds with Einstein’s relativity.

1990s Studies of galaxies and galaxy clusters show that their gravity 
bends light more strongly than is expected without dark matter. 
MoND researchers start devising improved theories to explain 
extra light bending.

1994 Jacob Bekenstein and Roger Sanders prove that any theory that 
resolves the light-bending issue and meshes MoND with relativity 
must involve at least three mathematical fields.

2000 New data on the cosmic microwave background reinforce the 
standard, dark matter picture of the universe.

2004 Jacob Bekenstein devises a version of MoND that is consistent 
with relativity.

2005 Constantinos Skordis and others show that relativistic MoND 
provides a good fit to the microwave background data.
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1:13

Albert Einstein’s (1879–1955) 
contribution to modern physics is 
unique. Over a hundred years ago, 
when he was only 26 years old, he 
published a series of original theories 
that changed the way we see the 
universe. He published revolutionary 
ideas on the photoelectric effect, 
special relativity and Brownian motion.

Einstein’s impact

1.4 S C I E N C E  A S  A  H U M A N  E N D E A V O U R

Einstein’s 1939 letter to President Roosevelt

A mushroom-shaped cloud is often associated with an 
atomic bomb explosion.

In his study on Brownian motion, Einstein 
confirmed the existence of atoms. While other 
scientists were debating whether light was a 
particle or a wave, his theory of the photoelectric 
effect, which described the interaction of light 
and matter, suggested it was both.

His theory of special relativity examined the 
nature of space and time. The relativity theory 
is called ‘special’ because it doesn’t include the 
effects of gravity. He showed how space and time 
could mix and match depending on your point 
of view. Special relativity stated that an atomic 
clock travelling at high speed in a jet plane ticks 
more slowly than a stationary clock. His theory 
also explained how an object could shrink in 
size and gain mass at the same time. It was this 
theory that led to the famous equation E = mc2 
which links energy and matter. This led to the 
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An image of Einstein — is this how he would 
have liked to have been remembered?

realisation that huge amounts of energy 
are released in nuclear reactions. While 
this has provided some benefits, it has also 
led to detrimental applications such as the 
production and use of atomic bombs.

Shifting tides
What are the laws of nature? A physical 
law may be a hypothesis that has been 
confirmed by experiments so many times 
that it becomes universally accepted. Current 
research and advances in technology are 
increasingly leading some to question the 
constants or laws that have formed the basis 
for our science laws (including Einstein’s 
theory of special relativity).

It is good to question what we think we 
know. Sometimes, the changes in technology 
and in our attitudes, values and beliefs can 
alter what we previously thought was a given. 
Questioning your assumptions can also lead 
you to deep insights.

UNDERSTANDING AND INQUIRING
INVESTIGATE, THINK AND DISCUSS

1 

2 

3 

4 

5 

6 
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Scientific discoveries have led to an amazing number 
of creative inventions that have provided us with 
technologies to further increase our knowledge, make 
life easier and save lives. Some applications of our 
scientific knowledge have, however, also destroyed life.

Nuclear energy in the news
Applications of our knowledge of the atom have 
enabled us to develop technologies that have had both 
beneficial and disastrous consequences. The dreadful 
effects of the atomic bombs dropped in Japan in 1945 
and the Chernobyl nuclear power station accident in 
1986 colour the emotions of many with regards to the 
appropriateness of such technologies.

More recently, the 2011 earthquakes and tsunami in 
Japan and consequent damage to their nuclear power 
plants are fresh in our minds. During the time of this 
disaster, the media was littered with articles — some 
using unfamiliar scientific terminology and ideas, and 
some written to instil fear. Headlines used terms such 
as radiation, radioactivity, isotopes and millisieverts 
that many readers may not have understood. This 
disaster also provided those opposed to the use of 
nuclear energy with a new weapon to wield against its 
possible future or continued use.

What is radioactivity?
The atoms of elements are made up of a nucleus that 
contains positively charged protons and neutrons with 
no charge. Outside the nucleus, electrons are organised 
in shells. Most of the elements in the periodic table 
have more than one isotope. While isotopes have 
the same number of protons, they differ in the 
number of neutrons that they contain. This can make 
them unstable.

Uranium is an example of an element that is 
associated with nuclear energy. Small amounts 
of uranium occur naturally in soil and rocks. The 
three naturally occuring isotopes of uranium are 
uranium-234, uranium-235 and uranium-238. When 

each of these breaks down or decays, it produces alpha 
particles and gamma rays. The rate at which a particular 
isotope decays is specific to that isotope. This rate 
of decay is described in terms of the time taken for 
the concentration to fall to half its initial value. This 
is called its half-life. While the half-life of uranium 
isotopes is more than a billion years, the half-life of the 
isotope iodine-131 is about eight days.

Nuclear news

1.5 S C I E N C E  A S  A  H U M A N  E N D E A V O U R
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Iodine-131 is used in nuclear medicine and is also a product of 
nuclear fission. The half-life of iodine-131 is about eight days. 
High concentrations of iodine-131 are dangerous, as they can 
cause thyroid cancer.
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Using nuclear energy
Scientists have developed many different ways to use 
radioactive substances, such as in the diagnosis and 
treatment of diseases, in the dating of fossils and other 
archeological artifacts, in scientific experiments to 
track reactions — even to power submarines, cities and 
smoke detectors.

Radiation — it’s all around us
Radioactive substances occur naturally as part of the 
Earth’s crust. The radiation that we are exposed to from 
this source is called background radiation.

Nuclear medicine imaging techniques use isotopes with a 
short half-life. Isotopes such as fluorine-17 can be used to 
find tumour cells using a technique known as a positron 
emission tomography (PET) as shown at right.

Sources of radiation

Medicine 14%

Nuclear industry 1%

Radon 42%

Building/soil 18%

Cosmic 14%

Natural radiation
85%

Food drink/water 11%

Most of our annual radiation dose 
is due to radiation exposure from 
natural sources such as radioactivity 
in rocks, soil and cosmic radiation. 
The rest may be related to human 
activities such as X-rays and other 
medical procedures, and a very 
small amount due to fallout from 
past testing of nuclear weapons.

The absolute 
age of fossils 
or organic 
archaeological 
artifacts can be 
determined by a 
technique called 
carbon dating, 
which uses an 
isotope of carbon.
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What’s the problem?
Nuclear radiation is the result of hundreds of different 
types of unstable atoms. Although many of these 
exist in our natural environment, many are created in 
nuclear reactions. Of main concern to human health is 
ionising radiation, because it can damage living tissue.

The three main types of ionising radiation are alpha 
particles, beta particles and gamma rays. Alpha particles 
are only dangerous if emitted inside the body, as they 
cannot penetrate our skin. Although beta particles 
can penetrate our flesh, they can be easily stopped 
by materials such as wood or aluminium. Exposure 
to beta particles may be like a slow-healing sunburn. 
Gamma rays are a concern, however, as they can deeply 
penetrate through our natural skin barrier. It is for 
this reason that people whose work exposes them to 
radiation wear special badges to detect and monitor 
their exposure.

The biological effect of radiation can be measured in 
radiation dose units called sieverts (Sv) or millisieverts 
(mSv). For workers in uranium mining or nuclear 
power plants, the dose limits for exposure are generally 
around 1 mSv/year above the background exposure.

Why did people take iodine tablets?
High doses of iodine-131 have been linked to thyroid 
cancer. It is for this reason that people living near the 
nuclear plant in Japan after the 2011 earthquake were 
given potassium iodide. When given within around 
24 hours of exposure, it can prevent the thyroid from 
taking up the radioactive iodine.

Australian nuclear future
Watch an ABC Catalyst episode about the future for nuclear energy in 
Australia.
 eles-1075

eLesson 

Air Water

Soil

Plants

Animals

Humans

Waste or
fallout

The reason that food, water and air in Japan during the time 
of the nuclear power disaster was tested for iodine-131 can 
be seen in the figure above.

IS THIS THE END FOR NUCLEAR POWER?
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Difficult decisions
If you wanted the lead in the school play, what would 

you do? Might you take up music lessons or buy the 

selecting teacher gifts? How about stealing a script so 

you can get that bit of extra practice in?

Goals and rights
Shona in the illustration at right wants to get a place 

in the school musical. This is Shona’s goal — it is 

something she wants to achieve. However, Shona does 

not have a right to a place in the musical; although, 

as a student of the school, she does have the right to 

try for a place. A right is something we have if we can 

expect to be treated in a certain way, no matter what 

the consequences. A right is different from a need.

Need and duty
A need is something we require. We all have the need 

to feel we are doing something worthwhile. If Shona 

gets a place in the musical, she will have a duty towards 

her fellow actors. We often think of having a duty as 

being required to act in a certain way, for example, 

telling the truth. Shona may have several duties, such 

as learning her lines and attending rehearsal sessions.

Shades of grey
Duties often derive from goals and rights. For example, 

if you are accused of a crime and appear in court, you 

have a right to a lawyer, regardless of whether you are 

innocent or guilty. Your lawyer has a duty to try to get 

you acquitted — this is your lawyer’s goal.

Some situations can become very complicated. For 

example, a dying man asks his doctor not to keep him 

alive any longer. Does the doctor have a duty to carry 

out the man’s wishes because of the man’s right to 

decide when and how to die? Or does the doctor have 

a duty to ignore the man’s wishes because of the goal 

of preserving life?

If you really wanted something, how far would 
you go to get it? What wouldn’t you do?

Decisions, responsibilities 
and ethics

1.6 S C I E N C E  A S  A  H U M A N  E N D E A V O U R

Science and ethics
Scientists are also influenced by goals, rights, needs 
and duties. A goal of many scientists is to investigate 
the world around us and attempt to develop 
explanations of why and how it behaves as it does. 
Some scientists may also consider this to be their 
duty or the fulfilment of a need — or even their 
right to do so!

Science is often used to help us answer 
questions about how we can apply this knowledge. 
For example, if we want to know the effect of 
a particular diet, drug or some other factor 
on athletic performance, science can provide 
some answers.

The goals, rights and duties of scientific 
investigations become less clear when science is 
asked to provide us with answers about what we 
should do and how we should behave. Ethics are 
involved in shaping our ideas about what is right 
and wrong.

Ethics
Ethics involve your moral values. While some ethical 
values are universal and widely accepted around the 
world, other ethical values vary — not only between 
countries, but also between different religions and 
communities. They may also vary within families, 
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Government

Industry

Military

Universities and 
research facilities

Industry research and
development departments

Secret research projects

TOP SECRET

Secret research projects

TOP SECRET

Public access research

AVAILABLE

TO
PUBLIC

An example of the movement of money in science

between different generations and throughout 
different times in history.

A particular scientific investigation or application of 
technology may be acceptable to one group of people, 
but highly offensive to another. Different belief systems 
might give rise to different ethical principles and 
practices. These may influence the types of scientific 
investigations performed and the ways in which they 
are conducted.

Scientific research — 
cash or cure?
Scientific research is responsible 
for discoveries that have been of 
great value to humankind. A quick 
glance around us shows lots of 
products of science that increase 
our efficiency and improve our 
lifestyles. Scientific research is 
also responsible for discoveries 
that have had negative effects on 
individuals, communities, countries 
and our environment. But when 
we talk about responsibility, is it 
science and the discoveries that 
are responsible, or is it the way 
in which the knowledge has been 
used? Who is responsible for how 
the knowledge is used? These issues 
are relevant to many examples of 
current scientific research.

Medical research
Medical research can be driven by need or greed. 
Sometimes it can provide important information, 
knowledge and understanding that can not only 
improve life, but also save it. Sometimes it can achieve 
this goal as well as make a lot of money for those 
involved in the research or its funding.

Should science delve into the mysteries of life? Who decides what will be researched and how discoveries will be used? 
Is science all about fame and fortune, or is it about seeking the truth? What is your image of science?

Science Quest 10

SAMPLE
 E

VALU
ATIO

N O
NLY



1:21

Public institutions, such as universities, carry out 
medical research to increase our understanding and 
contribute to the development of possible solutions 
to current or potential future problems. Some of this 
research is linked to making money and some purely 
for the knowledge and understanding that it provides.

Medical research in private companies may also 
contribute to our knowledge, understanding and 
problem solving — their key goal, however, is to make 
a financial profit. The type of research being funded 
may be influenced more by its money-making potential 
than by its potential to reduce human suffering and 
improve quality of life.

Human guinea pigs
A new drug, TGN1412, was designed to treat 
leukaemia and certain autoimmune diseases such 
as rheumatoid arthritis. In rheumatoid arthritis, the 
body’s immune system turns upon its own tissue and 
attacks it. TGN1412 is a powerful antibody that works 
by binding to the immune system’s T cells, causing 
them to activate and multiply rapidly.

TGN1412 made headlines in 2006 after its first trial 
on human subjects. It was given to six healthy young 
men in the UK and caused severe adverse reactions 
that required intensive care. One man’s head swelled 
to three times its normal size, causing excruciating 

pain. The worst affected trial volunteer was 20-year-old 
Ryan Wilson, who was in a coma for three weeks after 
taking the drug.

Drug trial volunteers are mainly young people, and 
many are backpackers and students who are attracted 
to the payments made by pharmaceutical companies. 
Other controversies have arisen following drug trials 
in Nigeria and India, where it was unclear whether 
patients had given their informed consent.

How much information should be given to drug 
trial volunteers? Who should be involved in trialling 
new drugs?

Animals for testing
Is it ethical to use animals in scientific research? 
Animals are used in scientific research to test the 
effects of cosmetics, different surgical techniques, types 
of disease treatments, and to find out more about how 
their and our bodies function. During some of this 
research animals may experience pain, suffering and 
even death. There are many ethical issues related to 
the use of animals in scientific research, the types of 
animals used and whether the research itself is ethical.

HOW ABOUT THAT!
Bird flu
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Helicobacter pylori bacteria in the human stomach cause 
stomach ulcers. They move their hair-like structures to travel 
around the stomach lining.

Taking risks
If acid inside your stomach eats into your stomach 
lining, an ulcer can result. This very painful condition 
can also cause bleeding and can be difficult to treat. 
In some cases, surgery is required. It was thought that 
lifestyle factors, such as spicy food and stress, were key 
factors that triggered these painful ulcers.

In 2005, Australian scientists Barry Marshall and 
Robin Warren received the Nobel Prize in Medicine for 
their research on stomach ulcers. They showed that the 
actual cause of many stomach ulcers was not lifestyle, 
but the presence of the bacteria Helicobacter pylori. This 
revolutionary finding meant that ulcers could be treated 
with antibiotics.

Their discovery, however, was not recognised for a 
number of years. Their ideas faced strong opposition 
from the scientific community. Firm in his conviction 
that these bacteria were the real cause of ulcers, and 

that they could be easily cured by antibiotics, Marshall 
took a drastic step. He drank a container of Helicobacter 
pylori to infect himself! Fortunately for him (and us), 
although he experienced considerable discomfort, he 
was cured by antibiotics.

Were Marshall’s actions ethical? There are strict 
regulations on experimentation on humans. Did this 
give him the right to infect himself? Was it his duty? 
Apparently Marshall had carried out a risk assessment 
and had decided that the benefits of experimenting on 
himself outweighed the risks involved. Do you agree 
with his conclusion? If you were him, is this what you 
would have done?

C  The ethicist
We have a 
responsibility to test 
these drugs to ensure 
that they are completely 
safe for all members 
of society. The most 
rigorous testing should 
always be carried out.

B  The humanist
Testing takes time and we 
already know that these 
drugs have been effective. 
There are people dying 
who are in need of these 
drugs now.

A  The realist
Drug trials are expensive and will add to 
the cost of the drugs, which is already high.

A B

C

HOW ABOUT THAT!
Old viruses
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Agriculture — food for thought
With an increasing global human population comes 
the need for an increased food supply. Traditional 
plant breeding methods are being replaced with 
new technologies. One of these is the use of genetic 
modification (GM). This technology enables plants 
to be designed with features that increase crop yields 
and quality.

Some applications of genetic modification enable the 
development of crops that are resistant to herbicides 
(for example, canola), can make their own pesticides 
(for example, cotton) or contain added nutrients (for 
example, rice).

There is considerable debate about the use of genetic 
modification because it involves changing the plants 
at a molecular level: the actual DNA of the plant is 
modified. This technology can involve moving genes 
between different species, so the resulting plant is 
transgenic (contains DNA from different species). 
Ethical questions include the following:
•	 Is it right to interfere with nature?
•	 Does the addition of an animal gene to a plant 

make it suitable for vegetarians?
•	 Should GM foods show this status on their labels?
•	 Who should receive the profits?
•	 Who has ownership of the modified plants?

INVESTIGATION 1.2

Where do I stand on ethical issues in science?
 AIM  To reflect on and make decisions regarding a 
variety of ethical issues in science

BACKGROUND

METHOD, RESULTS AND DISCUSSION

1 

2 

3 
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UNDERSTANDING AND INQUIRING
THINK AND DISCUSS

1 

Person Goals Rights Needs Duties

2 

•	

•	

•	

•	

•	

•	

3 

•	

•	

•	

•	

•	

•	

•	

INVESTIGATE AND REPORT

4 

5 

6 

1.2 Science and ethics
1.3 Difficult decisions

work
sheets
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Visual thinking tools can be used to help share your 
thinking and to see how and what other people are 
thinking. They can be used to clarify key ideas, show 
links and suggest relationships, and prompt discussions 
on many different topics and issues. They can also be 

useful in helping you to evaluate ideas and to consider 
various alternatives in your decision making. Examples 
of some of the types of thinking and their visual tools 
are shown in the table throughout this section.

Thinking tools

Single bubble map
Q:  What do I already know about this topic?

Target map
Q:  How can we agree on what is relevant to our discussion?

Cluster map
Q: How could I develop this idea?

Idea

Idea

Idea
Idea

Idea

Idea

Idea 

Idea

Idea

Idea

Idea
Idea

Idea

Idea
Idea

Idea

Idea

Idea

Idea

Idea

Idea

Topic

See quest

1.7 T H I N K I N G  T O O L S

Feature

Feature Feature

Feature Feature

FeatureFeature

FeatureFeature

Topic

Irrelevant

Topic

Relevant
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Thinking tools

Mind map
Q: What are the main points?

Idea

Idea

Idea

Feature
Feature

Feature
Feature

Fe
atu

re

Feature

Fe
ature

Feature

Idea

Idea

Idea

Concept

Concept

Concept

Ide
a

Idea

Concept

Id
ea

Idea

IdeaFeature

Fe
atu

re

Feature

Fe

ature

Fe
at

ur
e

Feature

Fe
at

ur

e

Fe
at

ur
eFe

ature

Feature

Feature

Feature

Feature

Feature
Feature

Fe
atu

re

Feature
Feature

Fe
at

ur
e

Fe

ature

Feature

Feature

Feature
Feature

Feature
FeatureFeature

Topic

Tree map
Q: How do the parts of a topic relate to each other?

Affinity map
Q: What are the common themes in different viewpoints?

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

View or
response

Group 1 Group 2

Group 3 Group 4

Topic

FeatureFeatureFeatureFeatureFeatureFeatureFeatureFeature

Idea IdeaIdeaIdea

Topic

ConceptConcept

Science Quest 10

SAMPLE
 E

VALU
ATIO

N O
NLY



1:27

Thinking tools

Plus, minus, interesting (PMI) chart
Q:  What are other points of view? How can I prepare to 

make a decision?

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Plus

Topic/Theme/Idea

Minus Interesting

KWL
Q:  What do I know about this topic? What do I want to know 

about it? What have I learned?

What
we Know

What we 
have Learned

What we Want 
to �nd out

KWL

T chart
Q: What does the problem or situation look and sound like?

Looks like Sounds like

Y chart
Q:  What does the problem or topic look like, sound like and 

feel like?

Hear See

Feel

Corner thinking
Q: What is the relationship between these ideas?

A

B

Hourglass
Q:  What is the topic? What do I/we know about it? What 

if …?

Know/Recall

What if?

TOPIC

1 Think quest

SAMPLE
 E

VALU
ATIO

N O
NLY



1:28

Thinking tools

Concept map
Q: How can I describe this topic to someone else?

First-level idea

First-level idea

First-level idea

First-level idea

Second-level idea

Second-level idea Second-level idea

Second-level idea

Third-level idea

Link Link

LinkLinkLink

Link
Link

Link Link

Link

Link

LinkLink Link

Topic

Main idea

Main idea

Main idea

Double bubble map
Q: What are the main points?

Feature

Feature

Feature

Feature

Feature

Feature

Feature

Feature

Feature

Feature

Feature

Feature

Feature

FeatureTopic Topic

Priority grid
Q:  What are the relative strengths and weaknesses of this 

idea? What is the best way to tackle the problem?

Eat nutritious
meals regularly

Drink water
to hydrate

Not enough
sleep

Not exercise
your brain

Priority grid

D
if�

cu
lt 

to
 d

o Easy to do

Good result

Bad result

Continuum
Q:  How extreme is this idea? How strongly do I and others 

feel about it?

Lowest Highest
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Thinking tools

Venn diagram
Q: How can I describe this topic to someone else?

Topic 3
made from

the common
features of

topics 1
and 2

ToTT pic 2ToTT pic 1

SWOT analysis
Q: What are the strengths and weaknesses of the idea?

Strengths Weaknesses

Opportunities Threats
Issues

Ranking ladder
Q: How important is this? Which is the highest priority?

1

2

3

4

Matrix
Q: How do the parts of a topic relate to each other?

1

2

3

4

Feature 
A

Feature 
B

Feature 
C

Feature 
D

Feature
E

Topic

Flowchart
Q: How can you record the stages that occurred?

Next event

Last event

First event

Next event

Next event

Storyboard
Q: What are the main ideas or scenes?

Outline of
scene 1

Outline of
scene 2

Outline of
scene 3

Outline of
scene 4

Outline of
scene 5

Outline of
scene 6

A B C

D E F
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Thinking tools

Relations diagram
Q: What is causing the problem?

Cause 1

Cause 4

Cause 2 Cause 3

Cause 5 Cause 6

Problem

Algorithm
Q: How can different decisions I make solve this problem?

End

Action

Action

Action Yes

No
Decision

Begin

Fishbone
Q: What could have caused this event to happen?

Cause

Cause
Cause

Cause

Cause
Cause

Cause
Cause

Cause

Cause
Cause

Cause

Cause
Cause

Cause

Cause group E

Cause group A Cause group B

Cause group C Cause group D

Event

Gantt chart
Q: How do actions in the story or event overlap?

Action

1

2

3

4

5

6

8

7

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Cycle map
Q:  What patterns can be seen in these 

events?

Cycle

Event B

Event C

Event D

Event E

Event F

Event A
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STUDY CHECKLIST
SCIENCE AS A HUMAN ENDEAVOUR

 ■ consider how information technology can be applied to 
different areas of science

 ■ describe how science is used in the media to justify 
people’s actions

 ■ use knowledge of science to evaluate claims, 
explanations and predictions

 ■ recognise that financial backing from governments 
or commercial organisations is required for scientific 
developments and that this can determine what research 
is carried out

 ■ outline examples of how scientific understanding, models 
and theories are contestable and are refined over time 
through a process of review by the scientific community

 ■ provide examples of how advances in scientific 
understanding often rely on developments in technology 
and technological advances are often linked to scientific 
discoveries

 ■ suggest how values and needs of contemporary society 
can influence the focus of scientific research

 ■ provide examples of how advances in science and 
emerging sciences and technologies can significantly 
affect people’s lives, including generating new career 
opportunities

SCIENCE SKILLS

 ■ use internet research to identify problems that can be 
investigated

 ■ evaluate information from secondary sources as part of 
the research process

 ■ develop ideas from your own or others’ investigations 
and experience to investigate further

 ■ combine research from primary and secondary sources

 ■ outline issues relating to investigations involving animals

 ■ design and construct appropriate graphs to represent 
data and analyse graphs for trends and patterns

 ■ suggest more than one possible explanation of the 
data presented

 ■ use spreadsheets to present data in tables and 
graphical forms

 ■ describe how scientific arguments are used to make 
decisions regarding personal and community issues

 ■ present ideas using oral presentations and contribute to 
group discussions

 ■ use secondary sources and your own findings to help 
explain a scientific concept

 ■ use the internet to facilitate collaboration in joint projects 
and discussions

 DIgITAL RESOURCES

Activity 1.1
Think Quest
doc-8461

Activity 1.2
Developing  
thinking
doc-8462

Activity 1.3
Investigating Think 
Quest further
doc-8463

eLessons

Meet Professor Veena Sahajwalla
Meet an engineer who is also a television presenter on 
The New Inventors.
Searchlight ID: eles-1071

Australian nuclear future
Watch a video from the ABC’s Catalyst program about the 
future for nuclear energy in Australia.
Searchlight ID: eles-1075

AnSwerS for this chapter can be 
found online in your eBookPLUS.

Online sections
These sections of the chapter can be found online in your 
eBookPLUS.

1.1 ABCs of attitude 

1.2 Layers of learning 

1.3 Change my mind 

1.4 Einstein’s impact 

1.5 Nuclear news 

1.6 Decisions, responsibilities and ethics 

1.7 Thinking tools: See quest 

Individual pathways
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Link to assessON for questions to  
test your readiness FOr learning, your  
progress AS you learn and your levels OF 
achievement. www.assesson.com.au

3 Research examples of drugs or tests that are known to 
encourage people to tell the truth.

(a) Find out how they work.

(b) Do you believe that you have the right not to be forced 
to tell the truth? Explain why.

(c) Do you think that lie detector tests and truth serums or 
treatments should be used to force people to tell the 
truth or test whether they are telling the truth? Justify 
your response.

4 Use the issues map below to help you identify various 
perspectives on one of the following issues.

•	 Watering of gardens should be illegal.

•	 Cars should be driven only when there are at least four 
occupants.

•	 Scientists should be allowed to research whatever 
they want.

•	 If a vaccine for the dangerous variant of H5N1 is 
synthesised, it should be given only to children under 
10 years of age.

LOOKINg BACK
1 Charles Darwin’s theory of evolution (see pages 83–88 in 

chapter 3) sat unpublished for over ten years before it was 
published as On the origin of species.

(a) Suggest why it took him such a long time to make his 
ideas public.

(b) There have been many caricatures of Charles Darwin 
over the years. Suggest what the creator of the cartoon 
above is suggesting. Do you consider this accurate in 
terms of Darwin’s theory? Explain your answer.

(c) Outline the key ways in which the theory of evolution 
differed from the accepted theological view of the time.

(d) Identify the other scientist who is responsible for 
proposing the theory of evolution. Suggest why he is not 
as well known as Charles Darwin.

(e) Identify at least five other people involved in the 
development and acceptance of the theory of evolution 
and state their key contribution.

(f) If a scientist were to propose a new theory about 
creation that signficantly differed from the currently 
accepted view, suggest how this might be received by 
the scientific community and the general public.

(g) Suggest a possible alternative to the theory of evolution. 
Provide reasons to support your theory.

2 Carefully observe the figure above right.

(a) Do you think that this figure effectively summarises how 
we mix new information to rethink ideas and improve 
our scientific knowledge?

(b) Can you think of an example of how our scientific 
knowledge has developed in a way similar to that 
suggested by the model?

(c) Suggest how the model could be improved.

Observe

New discoveries

New
technology

New
theories

ClarifyConsider

Ethical

Ecological

Political

Economic

Social/
Community

Technological

Issue
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5 Study the timeline above of the developments of various 
inventions. These are approximate times because their 
development involved building on the ideas of others 
over time.
(a) Select an invention from the timeline that interests you.
(b) Investigate how and why it was developed and who 

was involved.
(c) Write a story about the history of its development and 

invention.

6 Research the experimentation undertaken by the CIA 
involving truth drugs, LSD, mind control and biological 
weapons in the 1950s in America.
(a) What sort of testing did they do, to whom and for 

what reason?
(b) Do you think that their actions were justified? Explain.
(c) Collect information on Frank Olson, a CIA agent. What 

do you consider the true story to be?
(d) Find out more about The Manchurian Candidate books 

and movies. Construct a SWOT analysis on the strength 
of the evidence and details that you find out.

7 Consider each of the belief statements in the mind map 
below. Rank them from those you agree with the most 
to those you agree with the least. Explain your ranking. 
Compare and discuss your ranking with others.

8 In your learning journal, reflect on:
(a) what you have learned from this chapter
(b) any parts of the chapter that were of particular 

relevance to you
(c) ways in which information in this chapter may have 

changed how you think about or react to something.

9 Use the 321 tool shown below to unlock your thinking on:
•	 3 interesting points
•	 2 important points
•	 1 personal point for each section in this chapter.

10 Scientific ideas and theories can change over time. Does 
this mean that those previously accepted were totally 
wrong? Discuss and explain your response.

11 Use the ‘learning placemat’ at the top of the next 
page to show:
(a) the key points that each team member (groups of four) 

remembers from this chapter
(b) a group summary of a discussion about individual  

learning.

12 Suggest factors that may influence a decision as to 
whether money should be spent on researching a cure 
for a particular disease. Provide possible reasons for 
these factors.

13 Suggest consequences that our increased knowledge of 
the structure and function of DNA has for both individuals 
and the society in which we live.

3 Interesting things

2 Important things

1 Personal thing

Iron

Steam
engine Steel

Petrol
engine

Chemical
industry 
— dyes

BC 18501700 1870 1890 19101880 1940 19601950

Electric
motor

Electric
light

Telephone

Aluminium

Car

Stainless
steel

Aeroplane
Laser

Nylon
Polythene

Transistor

Integrated
circuit
chip
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14 Should the labelling of genetically modified foods be 
compulsory? Justify your response.

15 Should Australia build nuclear power plants to supply our 
growing population with the energy supplies we need? 
Justify your response.

16 With great advances in technology, there have also been 
disasters. In 1937, the Hindenburg — a hydrogen-filled 
airship — violently exploded while it was docking at a 
refuelling tower. Find out more about the development of 
this technology, the cause of the Hindenburg explosion 
and the consequences of this event for subsequent 
developments in aviation.

17 Carefully read through each of the following statements. 
For each statement, decide whether you agree or disagree 
and then justify your response.

•	 Scientific discoveries and understanding often rely on 
developments in technology and technological advances.

•	 Financial backing from governments or commercial 
organisations determines the types of scientific research 
and development that are carried out.

•	 Scientific understanding, models and theories are 
changed over time through a process of review by the 
scientific community.

•	 The focus of scientific research can be influenced by the 
current values and needs of society.

•	 Advances in science and technologies can have a 
significant effect on people’s lives.

•	 Scientific knowledge should be used to evaluate whether 
you should accept claims, explanations or predictions.

18 Computer animations, such as the simulation shown below 
involved in studying black holes, have greatly increased 
our knowledge and improved our understanding of how 
our world operates. Research other examples of how 
information technology has been used to enhance our 
scientific knowledge and understanding.

19 Margaret Burbidge (below) was a British astronomer. She 
contributed to discoveries about the origin of elements by 
examining light emitted from galaxies.
(a) Find out more about her research and contributions.
(b) Suggest why there are so few women recorded 

throughout our scientific history.
(c) Suggest ways in which more women can be 

encouraged and provided with opportunites to be 
involved in scientific research, and acknowledged for 
their involvement and discoveries.
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Margaret Burbidge — British astronomer
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A depiction of a Dreamtime story by artist Michael 
J. Connolly.
Source: Michael J. Connolly (Mundagutta–
Kulliwarri) www.dreamtime.auz.net/

20 Different cultures may hold 
different views about the 
world. Ancient civilisations 
of Egypt, China and Babylon 
explained the night sky 
and creation in a way quite 
different from scientists 
of today. Australian 
Indigenous people also 
hold their own views and 
understanding. Above and 
at right are some figures 
that provide clues as to 
how these people made 
sense of their world. 
Research and report on 
ways other cultures have 
developed their knowledge 
and transmitted it from one 
generation to the next.

21 Use the Emu in the 
sky and Indigenous 
stories weblinks 
in your eBookPLUS to 
learn more about the rich 
heritage of astronomical 
observation and storytelling 
of Australia’s indigenous 
peoples. Draw a picture to 
illustrate the story.

The emu, the possum and the 
Southern Cross

1.4 Think quest: Summarywork
sheet
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