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Science:

The intellectual and practical activity 
encompassing the systematic study of the 
structure and behaviour of the physical and 
natural world through observation and 
experiment

From the New Oxford dictionary
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Ethics:

1. Moral principles that govern a person’s behaviour, 
or the conducting of an activity

2. The branch of knowledge that deals with moral 
principles.

From the New Oxford dictionary
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3 schools of ethics in western philosophy:
o Aristotle

Virtues are dispositions to act in ways that benefit 
both the person possessing them and society.
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3 schools of ethics in western philosophy:
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o Aristotle
Virtues are dispositions to act in ways that benefit 
both the person possessing them and society.

o Kant
Humans are bound, from a knowledge of their duty 
as rational beings, to obey the categorical 
imperative to respect other rational beings

o Utilitarianism
but how do we measure and compare happiness’?
should we focus only on the consequences, rather than 
the motive or intrinsic nature, of an action?



“A decision was wise, even though 
it led to disastrous consequences, 
if the evidence at hand indicated 
it was the best one to make; and a 
decision was foolish, even though 
it led to the happiest possible 
consequences, if it was 
unreasonable to expect those 
consequences”

Herodotus, c.500 BC
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3 schools of ethics in western philosophy:
o Aristotle

Virtues are dispositions to act in ways that benefit 
both the person possessing them and society.

o Kant
Humans are bound, from a knowledge of their duty 
as rational beings, to obey the categorical 
imperative to respect other rational beings

o Utilitarianism

Ethics should not be left only to scientists 
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Ethical issues in scientific research

Two main questions:

1) How science should be conducted

2) What science should be conducted
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Two distinct types of ‘bad science’

Both have potential implications for 
sustainable development



1) How science should be conducted

Two categories of scientific misconduct:

o Negligence

o Deliberate dishonesty
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1) How science should be conducted

Methodological Norms Methodological Norms –– The Scientific Method:The Scientific Method:

Karl Popper
(1902-1994)

Characterisation

Hypothesis
(hypothetical explanation)

Prediction
(logical deduction from hypothesis)

Experiment
(test of all of the above)

Evaluation and iteration
(peer review / reproducibility)
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The Scientific Method in action:

Albert Einstein’s 
Special Theory of Relativity
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Isaac Newton’s physics assumes 
absolute space and time.

Working out how things look to 
different observers follows simple 
rules, in different reference frames

Classical Physics:
“All the World’s A Stage”
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by varying electric and 
magnetic fields 
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Static charges   → electric fields

Moving charges  → magnetic fields

But which charges are static and 
which ones are moving depends 
on your point of view.  Surely 
your theory of light should be 
the same for everyone!…



The Scientific Method in action:

Albert Einstein’s 
Special Theory of Relativity

Characterisation Maxwell’s theory same for all observers

Hypothesis speed of light same for all observers
(hypothetical explanation)

Prediction
(logical deduction from hypothesis)

Experiment
(test of all of the above)

Evaluation and iteration
(peer review / reproducibility)
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50mph 50mphIn classical picture, the 
relative speed of the two 
trains is 50 + 50 = 100mph 
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The Scientific Method in action:

Albert Einstein’s 
Special Theory of Relativity

Characterisation Maxwell’s theory same for all observers

Hypothesis speed of light same for all observers
(hypothetical explanation)

Prediction E = mc2

(logical deduction from hypothesis)

Experiment The Manhattan project
(test of all of the above)

Evaluation and iteration 100 years of relativity
(peer review / reproducibility)
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50mph 50mphIn classical picture, the 
relative speed of the two 
trains is 50 + 50 = 100mph 

50mph

In Einstein’s relativity, the 
speed of light is  unchanged
by the motion of the train

Einstein’s relativity means there is no such thing as
absolute space and time, only  spacetime
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What do we learn from this?

Good science sometimes just
requires imaginative thinking 

(Thought experiment)

Good science builds on experience

Good science makes testable predictions

Good science can lead to bad applications

(The Universe is a weird and wonderful place!) 
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1) How science should be conducted

Two categories of scientific misconduct:

o Negligence
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1) How science should be conducted

Moral Norms Moral Norms –– proposed by Merton (1942):proposed by Merton (1942):

Universalism

Communalism

Disinterestedness

Organised Skepticism
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1) How science should be conducted

Universalism requires that science be independent of race, 
color, or creed and that it should be essentially international.

Communalism requires that scientific knowledge should be 
public knowledge; that the results of research should be 
published; that there should be freedom of exchange of 
scientific information between scientists everywhere, and 
that scientist should be responsible to the scientific 
community for the trustworthiness of their published work.

R.H. Brown, ‘The Wisdom of Science’ (1986)
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Sir John Sulston
vs

Craig Venter
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1) How science should be conducted

Disinterestedness requires that the results of bona fide
scientific research should not be manipulated to serve 
considerations such as personal profit, ideology, or 
expediency, in other words they should be honest and 
objective; it does not mean that research should not be 
competitive.

Organized skepticism requires that statements should not 
be accepted on the word of authority, but that scientists 
should be free to question them and that the truth of any 
statement should finally rest on a comparison with observed 
fact.

R.H. Brown, ‘The Wisdom of Science’ (1986)
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Georges Lemaitre
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Your calculations 
are correct, but 
your physics is 
abominable

Georges Lemaitre
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Some examples of suspect science…

o Cold fusion

o Perpetual motion machines

o Penta water

o Limescale remover

o Yakult 
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Hydrogen fusion – fuelling a star’s nuclear furnace

H   = Hydrogen
He =  Helium

E = mc 2



In March 1989 two highly respected scientists, 
Stanley Pons and Martin Fleischmann, claimed to 
have observed fusion in a test tube, at room 
temperature!

Unusually, they announced their discovery at a 
media press conference, before they had written 
any paper for publication in a peer-reviewed 
journal.

Sixteen years later, no conclusive proof of cold 
fusion has been found; no published results have 
repeated Pons and Fleischmann’s claims (and they 
haven’t published yet either!)
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Some examples of suspect science…

o Cold fusion link

o Perpetual motion machines

o Penta water

o Limescale remover

o Yakult 
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A perpetual motion machine would violate the 
laws of thermodynamics.

So confident are scientists that this cannot 
happen, that the US (and UK) Patents Office 
refuse to consider patent applications for 
perpetual motion machines.

The media occasionally take up the story of 
‘self-taught scientists from the backwoods’, 
like Joseph Newman.
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…and it’s hard for the public to tell fact from fiction



Role of the Media: a lot of hot air?…Role of the Media: a lot of hot air?…

o Scientific ignorance of the general public

o Tendency to oversimplify problem: ‘black’ and ‘white’

o Perceived need for ‘balance’

o Courting controversy

o Science versus Drama?

SSD Introductory Session: Nov 11th 2004



2) What science should be conducted

Some questions to ponder:

o What kind of science should we engage in?

o Who should decide?

o What ethical issues need to be considered,    
and how?

o Should there be differences between the 
developed and the developing world?
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Big Science:

Research that is expensive and involves large 
teams of scientists

From the New Oxford dictionary
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Big Science:

Research that is expensive and involves large 
teams of scientists

o Can the developing world engage 
successfully in big science?

o Should particular fields of research be 
given priority / ignored?

From the New Oxford dictionary
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Big Science:

Research that is expensive and involves large 
teams of scientists

Blue Sky Research:

Scientific research which is not yet 
practicable or profitable

From the New Oxford dictionary
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Is it ethical to engage in blue sky research?
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Is it ethical to engage in blue sky research?
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CERN:
Annual budget 
of ~ 1 billion 
Swiss Francs



Is it ethical to engage in blue sky research?
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Is it ethical to engage in blue sky research?

o Education and culture

o Technology spin-offs

o Outside investment

o The Virtual Observatory
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Tim Berners-Lee



William Thompson
(Lord Kelvin)
1824 - 1907

Devised method for practical transatlantic telegraphy 
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Major facilities for big science - the observatories

Chile is extremely fortunate - probably more so than any other country at an equivalent 
stage of development - in possessing the natural conditions to enable it to attract major 
international scientific infrastructure. The only developing countries which have attracted 
equivalent scientific interest are those in the Middle East and Africa, which are rich in 
archaeological and cultural deposits. Unfortunately, such interest is not matched by
infrastructural investment. Chile has hosted scientific events at international astronomical
observatories in the Atacama Desert for over 30 years. These include the Cerro Tololo
Interamerican Observatory in La Serena, the European Southern Observatory (ESO) at La
Silla, and the Carnegie Southern Observatory at Las Campañas.  New optical telescopes 
are being constructed at Las Campañas (the Magellan telescope), at Cerro Pachon (the 
Gemini Southern Telescope, which has a Northern Hemisphere counterpart at Mauna 
Kea) and at Cerro Paranal (the ESO Very Large Telescope). The Atacama Large 
Millimetre Array (ALMA), which will extend high-resolution radio astronomy to millimetre 
wavelengths, is to be located at Llano de Chajnantor.
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Major facilities for big science - the observatories

The Chilean Government has exercised great wisdom in facilitating low-cost construction 
by granting duty-free and tax-free status to the observatories. In general, the boards of the 
observatories have granted Chilean astronomers 10 percent of the viewing time in return 
for the use of the sites and in recognition of the positive attitude of the Chilean 
government. Chile itself does not contribute directly to construction costs. 

If Chile wishes to be at the cutting edge of world knowledge-development, there is
no more promising area than astronomy for it to achieve this. The fact that the 
astronomers play in a different league to other Chilean scientists is underscored
by the relative costs of the equipment to which they have access. FONDECYT currently 
has an equipment ceiling of about US $40 000, but the observatories each cost at least a 
thousand times as much.

IDRC Report 1999
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Major facilities for big science - the observatories

It is encouraging to note that in the most recent agreement to build another foreign-
financed telescope in Chile, the government has included a provision in the contract to 
ensure the participation of Chilean engineers in the construction and infrastructure
activities. Gaining access to challenging assignments will be an advantage to the 
engineering profession in the country.

IDRC Report 1999
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Improving IT infrastructure benefits all



2) What science should be conducted

Some questions to ponder:

o What kind of science should we engage in?

o Who should decide?

o What ethical issues need to be considered,    
and how?

o Should there be differences between the 
developed and the developing world?
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