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is issue of Au Science Magazine travels
into the realms of myth and mystery
and delves deep into the baffling, the obscure
and the superhuman. Don’t worry, we aren’t
going to debunk every myth: we are just
exploring what science can learn from the
seemingly impossible.
Are we capable of superpowers? Nathalie
Garwe investigates how researchers are
using and developing new technology to make
mind reading a reality in Opening The Mind’s
Eye (p12) whereas Eoin Smith explores what
science can learn from magicians who read
minds in Misdirecting the Mind (p9). Staying
in the brain, Jemma Ransom takes a look at
the extraordinary condition of synaesthesia
where people see letters as colours in Why is
Happiness Green? (p11)
Craig Horton explores why the study of
mythical creatures like the Loch Ness Monster
is necessary in Hunting Nessie (p24) We take a
time-travel trip into outer space with Alex Ing
in Violent Death of a Giant (p17). Back down
on earth, the climate change debate puts the
wonder of the world and our unknown future
at the forefront of science and politics. In
The Climate Change Conundrum (p13), Gina
Maffey looks at the history of the debate and
asks if we are any closer to uncovering the
mysteries of the future.
Sean McMahon takes a step into
philosophy and its relationship with science
in Philosophy? Naturally! (p19). In the quest
for eternal youth, Daisy Brickhill asks An
Age-Old Question (p18)—why do we age?—
and whether the oxidative theory of ageing
is becoming old hat. At home in Aberdeen,
Sonka Klein interviews retiring lecturer
Mark Young, in Of Moths and Mussels (p7).
Then we fly far away to the Solomon Islands
for a Field Day (p5) with Jasper Kenter.
Of course we still have all of our regular
features, such as a book review, puzzles and
a very special guest article by science writer
Colin Bruce (Free Radicals and Forbidden
Fruit, p21) that asks whether progress in
science has stalled.
All these astonishing and wonderful stories
were put together by students at the University
of Aberdeen. If you enjoyed reading this issue,
check out our blog online at www.aumag.
co.uk—updated weekly with amazing science
stories—and if you would like to support
the magazine (we rely on donations and
advertisements for funding) you can donate to
us via Paypal.
Don’t forget to check out our events section
(p3): there are tonnes of exciting science
events going on in Aberdeen, kicking off with
Techfest in September!
HEATHER DORAN, EDITOR
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EVENTS

EVENTS LISTINGS
For all the latest information on science events in Aberdeen:

■ University of Aberdeen public engagment website, www.abdn.ac.uk/science/
■ Au Science Blog, www.aumag.co.uk
■ The Au Twitter account @ausciencemag, and the Au team @hapsci, @ginazoo, @chrissuthy

12th SEPTEMBER

14th SEPTEMBER

Café Controversial
“Boy or Girl - You Choose?”

Café Scientifiqué
“The Battle of the Species”

A child’s gender can be preselected in the test tube. What
has made this possible and can we reconcile the ethics
with what some parents consider an invaluable right to
choose?

Human activity is having a big impact on our
planet’s delicate ecosystem. But what would we
stand to lose if, as some suggest, we are heading
for extinction of species on a mass scale.
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Free, 7.00 pm Satrosphere Science Centre.
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Free, 7.00 pm Waterstones, Union Street

10th OCTOBER

A

12th OCTOBER

Café Controversial
“Die or Do”
Organ donation can be an emotive issue with donors currently having to make their intentions clear.
However, do concerns over organ shortages justify
bringing in an opt-out system?

D

Café Scientifiqué
“Take the Risk?”

D
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n

How do we weigh up risks reported in the media?
When does a danger merit real concern? Come along to
better understand risks and their effects on your daily
decisions.
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Free, 7.00 pm Satrosphere Sceince Centre
Free, 7.00 pM Waterstones, Union Street.

7th NOVEMBER
Café Controversial
“Technology Will Save the World”
Advances in technology are often relied upon to address
global challenges, from world hunger to climate change
and the energy crunch. But is there another way?
Free, 7.00 pm Satrosphere Sceince Centre

5th DECEMBER
Café Controversial
“Low Prices, High Spirits?”

G
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Increasing alcohol prices may seem unfair for
responsible drinkers. But do we all pay a premium
already for alcohol misuse? With the festive season nearly
upon us, come and discuss the issues.
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Free, 7.00 pm Satrosphere Sceince Centre
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Skeptics in the Pub
Aberdeen Skeptics in the Pub is an opportunity for people who are interested in science, skepticism, rationalism and
critical thinking to socialise and discuss different topics of interest. Each month we invite a different guest speaker and
host an evening in a pub. Find out about our events and sign up to the mailing list at http://aberdeen.skepticsinthepub.org/
(twitter @abdn_skeptics)
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Festival of Science, Technology, Engineering and Mathematics
Scottish Charity No. SC010349

Expand your
Imagination

OPENING WEEKEND

A Man of Many Talents – Paul Rose
International man of action, Paul Rose has explored much of the world’s wild spaces, dived the seven seas and lived in the
Antarctic. Join Paul for an evening of discovery as this remarkable man of many talents explores his own experiences and
details his passion for exploration and conservation.
Aberdeen Beach Ballroom, Aberdeen

Friday 9th September, 7.30pm

Dr Bunhead - Pyromania
Dr Bunhead joyrides through a heart-stopping,
multi-themed barrage of hilarious contraptions.
Explaining and exploding as your science teacher
never dared.
Recommended for audiences aged 7+.
Aberdeen Beach Ballroom, Aberdeen
Saturday 10th September, 11.30am and 2.30pm

Get ready to take notes on the science behind the
undead, featuring live demonstrations and an online
exam. Theoretical Zombiologist, Dr Austin, explains how
a zombie outbreak could occur, it’s potential effect on
humans and, most importantly how to stop it.
Suitable for audiences aged 15+.
Aberdeen Arts Centre, Aberdeen
Sunday 11th September, 4.00pm and 6.00pm

Science in the City
A wide range of special events organised by
TechFest-SetPoint and our partners throughout the
area, including;

Science of the Silver Screen:

Featuring special effects, debate and discussion
and film.
Cineworld, Union Square, Aberdeen

The Art of Science
This brand new exhibition showcasing some of the
most interesting entrants from the Wellcome Images
Awards.
Aberdeen College
Tuesday 13th - Saturday 17th September

Discovery Series

Activity Weekend

TechFest In September is proud to present the ever
popular Discovery Series of evening events. This year
the enthralling programme will update on the exciting
Bloodhound Project, investigate Wildlife Forensics,
explore the links between science fact and fiction in
Time, Machine, Space, Monster and asks if we are near
The End of Discovery?

3 Venues. 2 days. Over 40 hands on workshops,
shows and demonstrations. TechFest In September
2011 offers more exciting and inspiring activities that
ever before.

Thursday 15th - Friday 23rd September

17th and 18th September

Aberdeen’s Beach Ballroom, Leisure Centre
and Satrosphere

9th - 27th September 2011 For a full list of events and speakers, visit our website: www.techfestpoint.org.uk/tis
To book your tickets phone 01224 641122 or vist www.boxofficeaberdeen.com

FIELD DAY

“

i research the
choices people make
in relation to their
environment.

”

Finding Nature’s
Value in the South Pacific
How much is habitat worth? Prize-winning PhD student
jasper kenter investigates the cost of conservation

My

research essentially looks at
why nature is valuable to people.
Included in this are ‘ecosystem
services’, the economic benefits gained from
nature, such as, water, pollination, timber
and non-timber forest products and crops. I
also research the social and cultural context
in which people make choices in relation to
their environment. Monetary valuation of
ecosystem services enables more accurate
accounting of the environmental costs
and benefits of projects. Ensuring people
have a better understanding of nature in
their livelihoods can increase individuals’
motivation for conservation. There have not
been many valuation studies in developing
countries. I used choice experiments, where
people choose between different scenarios
that describe some kind of future state of the
environment. I was the first person to use
this method in an area that uses subsistence
farming like the Solomon Islands. These
hypothetical scenarios also include a cost
element, so that it is possible to estimate the
trade-offs that people are making between
different environmental attributes and money.
Using these types of tools in a rural
developing country is challenging. Not only
are there language and literacy difficulties,
but also people can have quite different
views on money. Villagers who are primarily
dependent on subsistence farming might not
have familiarity with the market economy.
Finally, as an external researcher it is not
always easy to grasp cultural nuances, and
there is little or no local capacity for research.
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ACT I O N R ESE A RCH
Dealing with these issues required a
radically different approach to valuation than
a conventional paper-based survey method.
Using a hands-on approach which involved
working in groups for long periods and
incorporating local materials (stones, plants
etc.) helped to make the valuation scenarios
more accessible to people, including illiterate
participants. This extended design process
was vital as it meant that individuals could
feel confident when discussing and making
choices in the experiments.
We began by training five local research
assistants in basic research and facilitation
skills, and their role was to act as a ‘knowledge
bridge’ between the villagers and me. The
research assistants also helped to shape the
research methods that we used, and in the
focus groups they acted as the facilitators.
After each focus group I would interview the
assistants for an hour to understand what
people were saying, doing and choosing in the
experiments. We used a mixed quantitativequalitative approach that provided very rich
results.
This
methodology,
although
novel,
followed an action research approach where
the research is directly aimed at helping to
improve the way social problems are managed.
This is usually carried out by helping people
reflect and discuss the problems in a way that
they previously had not. Essentially, it is about
getting people to share and deepen their own
knowledge rather than bringing in external

Like this? Support us at www.aumag.co.uk

Jasper recently won
two prestigious
European awards
for his research in
the Solomon Islands,
a remote island
chain in the South
Pacific Ocean. These
prizes were the first
‘European Spotlight
on Student Research
Award’ by the Society
for Conservation
Biology and the prize
for best student paper
from the European
Society for Ecological
Economics.

05

H A N D S - O N A P P R OAC H .
(Inset above) Working with.
villagers.
..

ideas or solutions. This style of research is
something very new to valuation, which can
be ignorant of social contexts, the needs of
locals, institutions and power structures.

T H E DA R K S I D E O F CASH CRO PS

“

many of
these ideas
are also
relevant in
a western
context._.

”
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In Kahua, the remote area where I conducted
the research, using this style of action
research has caused people to realise the
impact that growing cash crops is having on
‘kastom’. Kastom is a Melanesian term that
refers to traditional culture. It is still very
strong in Kahua, and very important for social
cohesion. Kahua’s kastom principles include
discussing all major decisions and concerns
with anyone who is part of or involved with
the extended family. Increasingly, people are
becoming focused on cash crops and private
business, which can mean that they place
less focus on their role in the community.
When people grow traditional crops they
work together to clear plots, harvest and then
share the bounty. But with cash crops it would
usually be one or two male family members
who take the initiative to clear some land,
grow, harvest and sell. An uncle or cousin
could claim that the land used was his and
demand a share of the profit. These claims
can result in land disputes over ownership
and input. Arguments are mediated by a chief
who will often resort to parcelling up rights
to the land, resulting in a slow process of land
privatisation.
This process of privatisation alters
community dynamics. Neighbours no longer
depend on one another and instead find

security in wealth. Jealousy of others’ wealth
can also contribute to increasing social stress.
Together this culminates in a vicious cycle
that erodes kastom, community spirit and
social cohesion.

F RO M ST U DY TO ACT I O N
‘Sustainable development’ is a buzz phrase
and it is not easy to define; we need more local
studies to work out what it actually means
in different areas. The research I conducted
demonstrates that the more that individuals
realise the intricacies of issues around their
local habitats, the less they are willing to
trade-off the environment for money. This
can be a real incentive for more sustainable
natural resource management.
Many of these ideas are also relevant
in a western context, as local studies are
needed in developed, as well as developing,
countries. In too many cases development
projects are based on a singular vision
founded on simplistic ideas about economic
growth, without looking holistically at
social, cultural and economic impacts. I am
actively addressing the criticisms that I have
of development projects in my continuing
research. I am currently pursuing another
participatory valuation study in the Firth of
Forth area to see how some of the methods
that I’ve been developing hold up in a western
context. Although next year I hope to be back
in the Solomon Islands—funds permitting! ■
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INTERVIEW

Of Moths
and Mussels
Aberdeen conservationist Dr. Mark Young shares the
highlights of his career with Au’s sonja klein

A

common story in the news: another
species has been listed as endangered,
threatened by extinction or extinct, despite
all research efforts. Less commonly reported,
however, are the many successful efforts to
bring species back from the brink. Aberdeen’s
Dr Mark Young talks to Sonja Klein about
some of the triumphs in conservation during
his career at the University of Aberdeen.

Mark, you have mainly been working on
freshwater pearl mussels and New Forest
burnet moths. What made you be interested in
these particular species?
Well, I’ve always been interested in moths
—from a fairly early age onwards. This special
moth has a very interesting life history. It can
go into diapause (a delay in development)
for not only one winter but also two and
sometimes even three winters, which is
rather rare.
The same goes for the freshwater pearl
mussel. It’s a massive mussel that lives
in acidic water only. The young ones are
parasitic and live on the gills of salmon. They
can live for up to a hundred years and grow
incredibly slowly. I was first introduced to
them when a traveller who worked as a pearl
mussel fisherman came to me and told me
that they were becoming very rare. There
were too many fishermen and not enough
mussels.
Do you think your work has a big impact?
When I started working on freshwater
pearl mussels they were nearly extinct here in
Scotland. Through my research and the ban
on the nearly two-thousand-year old tradition
of pearl fishing, they are now doing much
better. It’s a bit odd to be partially responsible
for bringing an old tradition to an end but
thanks to that the pearl mussel population in
Scotland is relatively stable now.
I think we had a big impact on the New
Forest burnet moth, too. When I started
working on the species there were just about
12 individuals left and after making some
changes to the site there are now thousands.

That certainly shows that science does make
a difference. Do you think the protection
of these two species has been your biggest
achievement?
I think I certainly made a change for these
two species. But research has been only a
part of my work here at university. The other
part has been the work with the students.
So you would say you have done something
for the “protection of the successful species” of
graduates from the University of Aberdeen as
well?
As a lecturer I hope I have made a change
and helped “protect” the good quality of an
Aberdeen education. I have certainly enjoyed
working with students and it is the thing I
will miss most after retirement. Interacting
and working with students is very rewarding.
Some students already know what they want
to do when coming to university. What we
are helping with really is just to make them a
bit more confident and help them get where
they want to go. Others don’t know what
they want to do and that is where
our research is quite influential by
showing them what can be done. A lot
of the students I have seen come and
go in my time here are now working
in conservation and often have quite
senior positions. That’s probably where
my main contribution to science has
really been.

W I N G E D WO N D E R ..
(Above) New Forest Burnet Moth..

“

when i
started
working on
the species
there were
just 12
individuals
left. now
there are
thousands.

”

That sounds like you certainly did
make a change and your work
has been successful.
For the freshwater pearl
mussel definitely and for
some students hopefully, too.
Science is not always about
changing something today
but often about changing
something for the future
and impacting on people
and the way they think. ■

DR. YOUNG Mark (right) came to Aberdeen in 1973 and is retiring after nine years as head of teaching

Sonja Klein is a recent Biology graduate
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Misdirecting the Mind
eoin smith explores the psychology of magical illusion

Ps

ychology has always lain at the
very heart of magic. From the
earliest performances in Egypt to today’s tv
specials, magicians have taken advantage
of psychological subtleties that aid and abet
trickery.
Have a look at the symbols above. Don’t
think about them too much, but jot down the
first one that jumps out at you. Write it down
or remember it for later.
Long before Derren Brown began to
highlight the connection between magic
and psychology, Chan Canasta was the uk’s
premier psychological illusionist. Billing
himself as a ‘psycho-magician’, Canasta used
many psychological principles to achieve
his effects during the height of his fame
in the 1950s and 60s. Using psychological
‘forces’ and techniques, Canasta would
attempt to control spectators’ actions and
guide their decisions. There was a certain
unpredictability to Canasta’s performances
—a spectator’s actions could never truly be
predicted. However, this merely added to the
notion that these were genuine experiments,
and not ‘just’ magic tricks.
Canasta used many methods from
psychology to achieve what some of his
audiences deemed to be genuine feats of
psychic power. For example, known that
many men instinctively choose the Ace of
Spades, while women are often drawn to
the Queen of Hearts, he was able to predict
their choice. This revelation would seem
miraculous to the lay audience.
Misdirection—or
more
truthfully,
direction—is perhaps the best known of all
the weapons in a magician’s psychological
arsenal, although this does nothing to lessen
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its effectiveness. While many believe that ‘the
hand is quicker than the eye’, in truth it is the
magician’s skill in directing your attention
away from a secret manoeuvre that is key
to a successful performance. Using subtle
physical and verbal cues, such as adjusting
their body language or asking a question,
magicians can divert a spectator’s attention
and mask the true method behind an illusion.
Ivor Smith, a partner in Aberdeen-based
magic firm Fifth Dimension, explains that
misdirection is not as physical as many
people believe: “Magicians use language
to steer an audience’s perception of a
performance: they influence them not only
to look a certain way, but to think a certain
way. Visual and verbal cues are used to mask
actions, and by emphasising only certain
elements of a performance, the magician can
cause spectators to forget actions which may
seem insignificant but are, in reality, critical
to the success of the trick.”
Magicians also make much use of priming
in their performances to mask vital moves.
By repeating an action, the illusionist can
cement an idea inside the spectator’s head,
so they expect the same reaction every time.
When there is a change—for example, a ball
tossed up and down twice suddenly vanishes
mid-air on the third throw—it becomes
difficult for the spectator to backtrack
through the trick to uncover the method, as
they are unable to distinguish between the
‘innocent’ and ‘guilty’ actions.
Although
magical
principles
have
interested psychologists for a number of years,
it is only recently that magicians themselves
have taken part in psychological studies. In
2008, the Mind Science Foundation held

Like this? Support us at www.aumag.co.uk

“

visual and
verbal cues
are used
to mask
actions.

”

G R A N I T E M AG I C I A N
Ivor Smith (Above opposite) is a
partner in an Aberdeen magic firm.
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the Magic of Consciousness Symposium
in Las Vegas, inviting many of the world’s
top magicians to speak, including the
usually-silent Teller of Penn & Teller. At the
conference, these magicians shared some
of their trade secrets, while explaining the
psychological reasoning behind them.
Cast your mind back to the symbols above:
the cross, the wavy lines, the square, the
star and the circle. Those of you who have
an interest in the paranormal—or have
seen Ghostbusters—will recognise them as
Zener cards, used to test for psychic ability.
The chances are, when you chose a symbol,
you opted for the star. This
is not some sort of voodoo
or witchcraft, but merely a
psychological force similar
to those that Chan Canasta
would have used.
The psychological study
of magic techniques is
undoubtedly an interesting
topic, but how does it affect us
in the “real world”, away from the stage and
the deck of cards? As well as aiding cognitive,
visual and attentional studies, some magic
techniques can be used to enhance our
everyday lives.

“

a copy of Au magazine, and you throw it with
such herculean force that it crashes right
through the monitor.
Image d: You are flicking through the latest
issue of Au magazine when you notice there’s
a competition to win a free fridge. You think it
odd, but decide to enter anyway and win.
Once you have formed your linking images,
repeat them to yourself a couple of times,
cementing them in your memory. As strange
as it may seem, this technique really does
work. However, like a chain with a weak link,
if one item is forgotten the cycle is broken and
it’s hard to remember what
comes next. This is why in the
example above, the items are
linked together with unusual
images, as this makes them
easier to recall.
To test this memory aid,
below is a longer list of
random objects. Spend a few
minutes creating your own mental images –
the stranger the better – and on the last page
of this issue you’ll be prompted to recall as
many items as you can. You’ll be surprised
just how many you can remember.

some magic
techniques
can enhance
our everyday
lives. .

M EMORY MAGIC
Magicians throughout the ages have
performed amazing feats of memory, and
the various techniques used to achieve
these can be useful to the general public.
Let us look at one of the easier methods: the
linking system.
Having listed the items to be remembered,
the trick is to form a vivid mental image
linking the first two items together. Then,
create a link between items two and three,
and so forth until all the items are linked.
For this example, we will use five random
household objects:
1. Shoe
2. Banana
3. Computer
4. Au magazine
5. Fridge
Here’s how we might link them:
Image a: You are putting on your shoes in
the morning and discover that you can’t, as
inside each one is a large over-ripe banana.
Image b: You are sitting at home and you
decide that you’re hungry; you’d like a piece
of fruit. You go through to the kitchen and look
in the fruit bowl, but instead of bananas, you
are shocked to discover it is full of computers
of all shapes and sizes.
Image c: You are sitting typing at your
computer and suddenly it freezes; the blue
screen of death appears in front of your eyes,
and you lose everything you’ve been working
on. In a fit of rage, you grab the closest thing to
you and hurl it at the screen. What is closest is

”

1. Telephone
2. Playing card
3. Diary
4. Light bulb
5. Cow
6. Slipper
7. Envelope
8. T-shirt
9. Sunglasses
10. Microphone
11. Keys
12. Radiator
13. Blender
14. Stereo
15. Wallet
16. Trombone
17. mp3 player
18. Curtains
19. Train
20. Newspaper

CRYSTAL BALL
It has been argued that a magician’s
knowledge of cognitive, visual and
attentional illusion is superior to that of
a neuroscientist’s. While this may not be
entirely true, magicians and mentalists
do have a lot to share with the scientific
community about human behaviour: the
magician’s data—collected through years of
informal experiments—is undoubtedly useful
in discovering more about how the human
brain works. Psychologists have merely
skimmed the surface of magic research, and
it is only a matter of time before something
extraordinary is pulled out of the hat. ■
Eoin Smith is a student in English
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Why is Happiness Green?
Can you taste sounds, hear hues or see the colour of words?
jemma ransom explains the blurring of the senses

Fo

r most of us, the sky is blue, grass
is green, and text appears ordinarily
as black on white. For others, the traditional
divide between the senses is inexplicably
blurred. This is a rare and poorly understood
neurological quirk termed synaesthesia, in
which stimulation of one sense leads to an
automatic and involuntary sensation in a
second unrelated sensory pathway.
My story begins at primary school: the
task one particular afternoon was to write
a short story about what we had done at the
weekend. I was a stubborn child and I wanted
to continue my finger-painting from the
morning, rather than write a story. When the
teacher peered over my shoulder to inspect
my afternoon’s labours, she was met with a
barrage of nonsense prose, a myriad of letters
and mis-spelt words thrown incoherently
across the page. You can perhaps imagine
her response: what was the meaning of this?
Perhaps I would like to stay behind after
school and complete the task. My answer?
“But Miss, I was painting! Don’t you like my
picture?”
The phenomenon I was describing to my
exasperated teacher is called grapheme
synaesthesia. I and many other synaesthetes
associate letters and/or numbers with
specific colours. For me, all the letters in the
alphabet invoke a completely involuntary
sensation of colour: A is green, lowercase a is
blue and so on through to z. To my mind this
is just as normal as the observation that grass
is green and London buses are red. In my
head, words, sentences, and even paragraphs
have individual colours dependent on the
colours of the letters that make them.
The study of synaesthesia is not new:
the 19th century polymath Sir Francis
Galton discussed word-colour associations
extensively. Until recently, however, the
condition has been treated as a psychological
oddity and largely neglected by the scientific
community. It is only with the advent of
sophisticated brain-imaging technology that
syneasthesia has made a comeback to the
mainstream of neuroscience research. So
what is it about the brains of synaesthetes
that results in this extraordinary mixing of
the senses?
It is generally accepted that all forms of
synaesthesia are the result of abnormalities
in how the brain develops. At birth, the brain
has far more neurons (the cells in the brain
that process information) than the adult brain

requires. Throughout development neurons
compete with one another for space in the
brain and connections with other neurons;
in this process, known as axon pruning, the
least active neurons die off, leaving only the
most active and well-connected cells to form
the mature brain.
In my brain, however, this process went
wrong; too many cells survived and this
resulted in abnormal connections between

two regions of my brain.
When I see a letter,
the region involved
in recognising letters
(indicated in green in the
picture of the brain) and
the region responsible for
colour processing (indicated
in red) communicate with each
other via connections that are
absent in the non-synaesthetic brain.
Synaesthetic experiences are by no
means limited to word-colour associations.
Many synaesthetes report hearing colour,
and tasting sound. Some even associate
ordinal sequences such as days of the week
with personalities, discerning, for example,
that Monday is a bad-tempered day and
Wednesday is joyful.
The experience of each and every human
being is different, determined both by the
highly malleable architecture of the brain
and on the environment. Synaesthesia offers
some vital clues to how this developmental
process comes about, and proves just how
powerful and finely tuned the ultimate
biological machine can be. Even a
handful of extra neurons can radically
change the entire sensory experience. ■

“

_.for many,
the divide
between
the senses
is blurred.

”

SY N A E ST H E T I C A E ST H E T I C
(Above left) Squares with concentric
circles by synaesthetic artist
Kandinsky (1913)

grapheme
recognition
colour
recognition

Jemma Ransom is a PhD student in medical sciences
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Opening the Mind’s Eye
natalie garwe introduces the new science of mind-reading

If

broca’s
area
motor
cortex
wernicke’s
area

you could choose one supernatural
power, what would it be? Would you want
to read others’ minds? People have lost many
a silver coin crossing palms, staring into
crystal balls and relinquishing control to
mystics, psychics and magicians in the pursuit
of telepathic powers. Many researchers have

“

there’s no
need to
encase your
head in a
fetching
tin-foil hat
just yet.

”

Au A U T U M N 2 0 1 1

been investigating the
seemingly impossible
but not in hope of worlddomination;
their real
mission is to help sufferers of
locked-in syndrome, strokes
or speech problems who are
unable to communicate their
thoughts and feelings.
As you are reading this, there is a
private narrative in your head: your inner
voice. This voice is the culmination of
electrical signals in your brain. These signals
carry information between parts of the brain
including the motor cortex. The motor cortex
is a region in the brain involved in planning,
control and execution of voluntary motor
functions. When you are about to speak
the facial motor cortex stimulates facial
muscles to position themselves ready for
pronunciation. This is the basis of scientific
mind-reading: tapping into our inner voice,
intercepting the signals before they are
executed. Ultimately, reading what a person
is thinking.

There’s no need to encase your head in a
fetching tin-foil hat just yet; things aren’t that
simple. Before signals for speech end up in
the motor cortex, they pass through different
areas of the brain’s language centre, where
the key to mind-reading lies. The first stage is
the Wernicke’s area, which creates meanings
and associations. The second stage is the
Broca’s area where signals are translated
into phonetics and assembled to make words.
From here, the motor cortex stimulates the
muscles according to the assembled phonetics
and ultimately the mouth articulates words.
Wernicke’s and Broca’s areas were
discovered in the 19th century. However, only
recently has it been possible to study these
areas in any detail. Electrocorticography
(ECoG) is an intervention therapy used for
epilepsy whereby electrodes are placed
directly onto the brain surface. Advances
in this therapy have allowed the electrical
signals of groups of neurons to be observed
in unprecedented detail. Bradley Greger
at the University of Utah has successfully
managed to detect whole words such as
‘yes’, ‘no’, ‘hot’ and ‘cold’. However, as much
as this research is groundbreaking, it is not
practical. They are over 150,000 words in
the English vocabulary alone. A much more
fundamental approach is needed. Instead of
words, researchers have started looking to
phonemes, sounds that form language, such
as sh in shy or kuh in skull. Fortunately, there
are only about 40 phonemes in English. Eric
Leuthardt of the University of Washington
and his team have unearthed the particular
signals that correspond to some of the
phonemes including, oo, ah, eh and ee. As
Eric Leuthardt himself put it, “I’m not going
to say that I can fully read someone’s mind.
I can’t. But I have evidence now that it is
possible.”
Continued development of technologies
such as ECoG would be truly remarkable
for those with locked in syndrome or
severe disabilities in speech. An invaluable
communication medium would finally
be available. Although this research is
clearly critical to the needs of those who
are unable to communicate the concerns
are undeniable. Is this is the last breach
of privacy, the ultimate in eavesdropping?
Are we ready for such invasions? Is it
right to develop such a technology? What
precautions should be taken?
What
do you think? Or do I already know? ■
Natalie Garwe is a student in pharmacology
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THE

CLIMATE CHANGE

CONUNDRUM

Why does debate about climate change rage on? To find
out, gina maffey turns to the history of climate science

Ov

er the past decade, the topic
of ‘climate change’ has sparked
many contentious and heated debates.
The arguments are neither black nor
white with uncertainty, complex
interpretations
and
the
miscommunication of ideas
muddying the proverbial
waters. However, this has
not always been the case.
In order to understand
where the perplexity
began it is necessary
to turn back the clock
and look at the origin
of the science behind
climate change.
The story of climate
change begins not in
environmental science
or ecology but in physics.
In 1859, physicist John
Tyndall constructed the first
spectrophotometer to look at the
capacity of different gases to absorb
radiant heat. He found that both carbon
dioxide and water vapour were particularly
effective at absorbing heat and noted that

it was probable that the absorption of solar
rays by the atmosphere, “is mainly due to the
watery vapour contained in the air”. From
these observations, Tyndall speculated
about the impact carbon dioxide and
water vapour in the atmosphere
have on the Earth’s surface
temperature; going as far
to say that variations of
these constituents, “may
have produced all the
mutations of climate
which the researches
of geologists reveal.”
Svante Arrhenius, a
physicist and chemist,
was the first to consider
the global warming
impact of doubling the
level of carbon dioxide
in our atmosphere in
1896. The equations that
Arrhenius developed are still
well regarded today, producing
estimates that are not dissimilar
from those of modern climate models.
Despite this, it was not until the publication
of results from Guy Callendar’s experiments

T H I N K E R John Tyndall (centre) pioneered the study of heat absorption by gases
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MOONRISE
The Moon rises over Earth’s
dynamic atmosphere.
SOURCE: NASA

“

the story
of climate
change
begins in
physics.

”
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in 1938 that it was possible to see the true
beginning of a discipline in climate science.
A British steam engineer by trade, in his
spare time Callendar had been investigating
the influence that human activity had on the
Earth’s surface temperature. In his paper,
The Artificial Production of Carbon Dioxide
and its Influence on Temperature, Callendar
reported a 0.005°C per year increase in world
temperatures over the previous century; he
calculated that over the same timeframe
humans had added 150,000 million tons
of carbon dioxide to the air through the
combustion of fossil fuels. Taking into
consideration Tyndall’s earlier research on
the radiation absorption of carbon dioxide
and water vapour in the atmosphere, he
made a direct link between fossil fuel
combustion and temperature increase. At the
time Callendar did not see this as a negative
impact. Instead he cited the benefits he felt
anthropogenic climate change would bring
for cultivation, concluding that “the return
of the deadly glaciers should be delayed
indefinitely” by this warming trend.
In the 1950s the physicist Gilbert Plass
sought to coherently establish how the
addition or subtraction of carbon dioxide
in the atmosphere would affect the Earth’s
surface temperature. Conventional theory
at the time assumed that water vapour in
the atmosphere would block any radiation
absorbed by carbon dioxide. Plass effectively
showed that when taking into account
different atmospheric layers the transmission
of radiation through the atmosphere could
have significant effects on the Earth’s surface
temperature. In his paper, The Carbon
Dioxide Theory of Climatic Change, he
calculated that if carbon dioxide levels were
doubled the Earth would experience a 3.6°C
increase in surface temperature. This was
contrasted with a 3.8°C decrease if carbon
dioxide levels in the atmosphere were to
be halved. From his observations, Plass
concluded that “this warming trend [would]
continue, at least for several centuries”.

Plass also refuted the claim that the oceans
would be able to sequester a large proportion
of anthropogenic carbon, and in the late
1950s Roger Revelle, an oceanographer, and
Hans Suess, a chemist, came to the same
conclusion. Suess had previously looked at
the presence of carbon isotopes in tree rings
as a way of dating them. He had done this
by measuring carbon-14, a form of carbon
found in all living things, more commonly
known as atmospheric carbon. In recent tree
ring growth he also detected carbon-12. The
only logical explanation for the presence of
carbon-12 was as a result of the combustion
of fossil fuels. Formed from decomposed
organisms, fossil fuels are millions of
years old; the carbon originally contained
in the organisms (carbon-14) has, over
time, degraded to carbon-12. Combustion
of fossil fuels releases this carbon-12 into
the atmosphere—diluting the atmospheric
content of carbon-14—a process now
recognised as the Suess effect.
Suess was able to apply this same
measuring technique to the oceans, and
together Revelle and Suess demonstrated that
carbon dioxide produced by anthropogenic
activity was being absorbed into the ocean
at a slower rate than previously calculated.
It wasn’t until two years later when, Bert
Bolin, a meteorologist, and Erik Eriksson,
a physicist, published a paper entitled,
Changes in the Carbon Dioxide Content of
the Atmosphere and Sea Due to Fossil Fuel
Combustion, that the interaction between
the oceans and atmospheric carbon dioxide
levels were properly understood. The pair
recognised that at surface level the ocean
was absorbing very low levels of fossil
fuel emissions. Subsequently, even lower
proportions were reaching the deeper ocean
levels, indicating that ocean absorption
would not be able to counter emissions from
the increasing use of fossil fuels.
In the late 1950s, Revelle and Suess also
started working with Charles Keeling, a
geochemist. Together they hoped to establish

14

1960

1970

1980

1990

2000

2010

390

370
360
350
Annual Cycle

340
330
320

Jan Apr

Jul Oct

Jan

310
what the baseline level of carbon dioxide
present in the atmosphere was. Keeling set
up stations in Antarctica and on Mount Loa
volcano in Hawaii to measure levels of carbon
dioxide, and his result, the Keeling curve is
renowned as one of the greatest scientific
breakthroughs of recent times. Keeling not
only established what the baseline level of
carbon dioxide in the atmosphere was, but
also demonstrated that the baseline was
steadily increasing on an annual basis.
Up until this point, carbon dioxide and
water vapour were largely recognised as
the key component gases to influence the
Earth’s surface temperature. However, in
the 1970s, other gases such
as methane, ozone and
chlorofluorocarbons (cfcs)
were also recognised as
important contributors to
the greenhouse effect. From
the original few key studies,
climate science had a come
a long way to explaining
recent alterations in the Earth’s temperature.
The increasing interest in climate science
also marked a shift from considering not only
alterations in the Earth’s temperature, but
also the impact that this would have on society
as a whole. In the 1970s, the stark realisation
of this impact resulted in significant and
increasing investment across the globe into
research projects that collect large sets of
data about our planet, and projects that
use this data to model future scenarios. In
response to this plethora of research an
international scientific body, known as the
Intergovernmental Panel on Climate Change
(ipcc), was formed in 1988, by the United
Nations Environment Programme and the

“

World Meteorological Organisation. The
ipcc aims to deliver the consensus view on
climate science, and through its review of
the peer-reviewed scientific literature it
continues to monitor the risk and predict the
impact that changes in climatic conditions
could have on the demands of a growing
population.
Climate modelling is able to predict
both the challenges and benefits that
anthropogenic climate change could bring in
the future. In the recent Energy Controversies
lecture series at the University of Aberdeen,
Dr Jason Lowe (Head of Climate Knowledge
Integration at the Met Office Hadley
Centre), warned that climate
science can never give you
a precise number—“you
can’t say exactly what the
temperature rise will be in
the future”—but that climate
models can offer the best
range of possible futures.
However, it is the uncertain
nature of this research that is arguably
the most difficult concept to communicate
comprehensively; “often the general public
sees uncertainty as meaning ‘we know
nothing of this subject’, and that’s simply not
true from what we understand from physics
and from observing path changes”.
What has become evident is that the
challenges for modelling anthropogenic
climate change do not lie solely with
environmental
researchers,
biologists,
chemists or even physicists. The challenges
span every single discipline; climate science
is truly interdisciplinary. The ramifications
of climate change affect the political,
economic and social structure of the world

keeling
showed that
carbon dioxide
was rising..
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Carbon dioxide concentration (ppmv)

380

T H E K E E L I N G C U RV E
(Above left) The rise in carbon
dioxide ..measured by Charles
Keeling

G LO S SA R Y *
Climate: The average
weather conditions over a
period of time, ranging from
months to thousands or
millions of years.
Climate change: A change
in the state of the climate
that persists for an extended
period, typically decades or
longer.
Anthropogenic: Resulting
from or produced by human
beings.
Greenhouse gases:
Gaseous constituents
of the atmosphere that
absorb and emit infrared
radiation contributing to the
greenhouse effect.
Greenhouse effect: radiation
trapped by greenhouse
gases retaining heat
within the Earth’s lower
atmosphere.
Ozone: Triatomic form
of oxygen, gaseous
atmospheric constituent, can
act as a greenhouse gas.
* adapted from the IPCC
Glossary of Terms.
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CEASELESS TURMOIL Climate modelling (above) is increasingly sophisticated.

as a whole. This is reflected in the explosion
of climate change related news and
discussion across all media outlets, across
the globe. The net result of this attention
to the subject has led to the incorporation
of climate science terminology into every
day use. Although, this widespread use has
come at a price, as terms are often used
interchangeably and incorrectly, confusing
arguments and understanding alike. Despite
being recognised internationally by both
the scientific community and a majority of
governments, the Internet is rife with sceptical
blogs and sources that dispute the science
behind climate change. This trend is likely
to continue as concerns over climate change
place increasing pressure on industries to
alter their working practice, and on people
to make changes to their everyday lives.
This ongoing debate has unfortunately

SOURCE: NASA

lost sight of its origin, and the compelling
research that sparked such an interest in
climate science. In a recent talk, at Aberdeen
Skeptics in the Pub, Professor Pete Smith
voiced his scepticism on whether we will
be able to cut greenhouse gas emissions
fast enough without an international effort
towards attitudinal change. He asserted why
he so strongly accepted that climate science
is right; “If I could empirically prove that
climate change was not happening I would,
because I would become far more famous
and far more rich than I am now. You can
never prove a theory, you can only disprove
it; but human induced climate change is
the best explanation of the multitude of
observations and data showing climate
change. I believe in climate change because
that is what the science shows me to be true.”

THE ABERDEEN CONNECTION by diana feliciano
The Climate Change (Scotland) Act 2009
contains some of the most demanding targets
for greenhouse gas emission (ghg) reductions
in the world. By 2020, all sectors of economy
have to cut their emissions by 42% compared
to 1990 levels. Agricultural activities in the
rural land use sector are responsible for
approximately 23% of the total ghg emissions
in North East Scotland. Despite being a large
contributor the rural land use sector also
has the potential to offset ghg emissions
through carbon sequestration. However, at
present these schemes are dependent on

the voluntary buy in of landowners, with
no subsidies for ghg offsetting in place. ■
Diana Feliciano, a PhD student with
the Aberdeen Centre for Environmental
Sustainability (aces), is investigating what
mitigation measures landowners would
be willing to implement in the short term,
and what subsequent reduction in ghg
emissions would result from these measures.
The aim is to establish what role the rural
land use sector has to play in reducing ghg
emissions in the North East of Scotland.
Gina Maffey is a PhD student in Ecology
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Violent Death of a Giant
Dying stars are windows on the past, explains alex ing

Te

Do not go gentle into that good night,
Old age should burn and rage at close of day;
Rage, rage against the dying of the light.
—dylan thomas
DY I N G E M B E R GRB090423 (right) shines across time

in the universe but are equally hard to detect.
Around fifty trillion pass through your body
every second. You don’t feel them because the
probability each neutrino has of interacting
with the matter in your body is very low. This
is a general property of neutrinos and as such,
neutrino detectors need to be extremely
large to stand a chance of detecting them. In
km3net, the Mediterranean Sea itself acts as
a key part of the detector. Neutrinos interact
with seawater producing light signals that are
picked up by very sensitive detectors on the
seafloor. In future, this telescope and others
like it should help scientists to open a new
window of discovery on the final moments of
giant stars such as grb090423.
The enormous gravitational pressure
exerted by a massive star causes it to burn its
nuclear fuel at a vastly increased rate. When
this fuel runs out, the thermal pressure
balancing its huge gravitational force rapidly
subsides, causing the star to fall in on itself,
producing grbs and creating a black hole.
Some of the collapsing material rebounds
in a shockwave, producing
a
supernova. The afterglow
is created as starstuff
ejected
by
the
supernova
collides
with
the interstellar
medium.
Supernovae
are the only
events in the
universe
known
to produce elements
heavier than lead. This
includes a number of elements
necessary for life as we know it on
Earth. These elements, in addition
to their lighter counterparts which are
even more integral to life, such as carbon
and oxygen, are blasted out to space as the star
expires. Giant stars like the one which ended
as GRB090423 do not go gently into the good
night but rage fatally against the dying of their
light. In so doing, they provide the universe
with the necessary ingredients for life. ■

“

a bright
enough
object
would
allow us
to see the
beginning
of time.

”

Mia Alexandra

lescopes are time machines. Light
travels at around 300,000 kilometers
per second; so fast that in our day-to-day lives
its motion appears instantaneous. The finite
speed of light only really becomes apparent
when it has to travel a large distance to reach
us. It takes around eight minutes for light
from the sun to illuminate terrestrial skies
and just over four years for light from our
nearest visible star to pierce the blankness of
Earth’s night. In a very real sense, objects are
seen as they existed in the past.
On a clear and moonless night, it is possible
to see the Andromeda galaxy with the naked
eye. The finite speed of light makes it appear
as it was two-and-a-half million years ago.
This is a striking realisation: it is possible to
witness a time long before the existence of
modern man just by knowing where to look.
A clear view of an object bright enough would
allow us to see back to the beginning of time
itself.
On 2nd July 1967, two u.s. military
satellites picked up a strange and unexpected
light signal. The satellites were sent into orbit
to detect gamma radiation (high energy light)
emitted by nuclear weapons tested in space.
The discovery was eventually declassified
and the results published in the Astrophysical
Journal in 1973, where these mysterious
signals were named gamma-ray bursts.
Gamma-ray bursts (grbs) are currently
thought to be produced in a supernova as a
rapidly rotating star collapses to form a black
hole. The fantastically intense luminosity of
grbs makes them visible to Earth’s telescopes
from the furthest reaches of space.
The object at the centre of the image in
the top right may not look like much—just a
dull red light shining against the blackness
of space—but its modest appearance belies
a secret grandeur. It is the poetically-named
grb090423, the oldest and most distant
single object ever seen by human eyes. It is
the dying ember of a star up to forty times
as massive as the Sun and known as a grb
afterglow. Seen by Earth-based telescopes
at a distance of around 13 billion light years,
grb090423 ended its life when the universe
was in its infancy, just 420 million years after
the Big Bang.
Earlier this year, scientists from the
University of Aberdeen were involved in
a survey in the Mediterranean Sea for a
consortium which hopes to build a neutrino
telescope, named km3net, on the sea-floor.
Neutrinos are a type of fundamental particle
produced in enormous quantities by grb
explosions. Neutrinos are extremely common

Alex Ing is a PhD student in Neuroscience

Au A U T U M N 2 0 1 1

Like this? See more at www.aumag.co.uk

17

The Age-Old Question
daisy brickill explains the toppling of a dominant theory

“

evidence is
building
to show that
oxidative
stress does
not alone
determine
lifespan.

”

Ag

eing has long stalked the nightmares of humankind. Pharmacy
shelves littered with anti-ageing
vitamins, anti-wrinkle cream and anti-grey
hair dye reveal the human pre-occupation
with an old scientific question: why do we
age?
One theory in particular has become a
colossus, dominating discussion in the field.
Its roots lie in respiration, a process essential
to all life, which also has a dark side in the
form of toxic by-products called reactive
oxygen species (ros). Also known as free
radicals, ros are highly reactive chemicals
that can damage both dna and the proteins
and lipids that make up the fabric of the cell.
This deleterious effect is known as oxidative
stress. Although antioxidant enzymes and
proteins can neutralise ros and repair
damaged dna, not all damage is preventable
or reparable. Damage accumulates over
time, causing the slow decline of the whole
organism. This is the oxidative stress theory
of ageing.
The roots of the oxidative stress theory lie in
the early 20th century when it was noted that
larger animals with slower metabolism (and
therefore lower rates of oxygen consumption)
tend to live longer. This led to the rate of
living theory, which proposes that the amount
of oxygen an organism can consume is finite
and therefore that lifespan is determined
by metabolic rate. In other words a mouse,
with fast metabolism, will be outlived by an
elephant, which uses its oxygen at a more
leisurely pace. In time, evidence against this
theory began to mount. Birds, for example,
have a higher metabolic rate but live longer
than similarly sized mammals. However,
the suggestion that oxygen consumption
was a fundamental factor in ageing was not
forgotten.
In the 1950s, ros were found to exist
naturally in cells. This discovery was
combined with research being carried out in
the aftermath of the World War ii bombing of
Hiroshima and Nagasaki, which examined
the cell-damage caused by free radicals like
ros in the wake of ionising radiation. These
three key developments: the importance of
oxygen-consumption, the presence of ros
in cells and the damage caused by them,
together gave rise to the oxidative stress
theory of ageing.
It was an appealing solution to the problem:
inextricably linked to life, oxidative stress
would lead unfailingly to an organism’s slow
decline, and evidence to support the theory

began to pile up. Longer-lived fruit flies were
shown to produce fewer free radicals than
those with an average life span. Comparisons
made across species showed a negative
correlation between ros production and
lifespan in a diverse group including rodents,
bats, baboons, birds and cattle. By the 1990s,
oxidative stress had become the dominant
theory of ageing.
Konrad Lorenz urged scientists to “discard
a pet hypothesis before breakfast every
day”. Rigorous gerontologists may now
have achieved exactly that and rendered
their leading theory obsolete. Many past
studies relied on correlative evidence, but
the advent of more sophisticated techniques
such as genetic manipulation has made a
more experimental approach possible, with
thought-provoking results. Mice, genetically
modified to be incapable of producing specific
antioxidant enzymes and therefore enduring
greater oxidative stress, show a lifespan no
different from normal mice—indeed, some
lacking key antioxidant enzymes actually
live longer. In other studies the evidence
has been at best inconsistent. Genetically
modifying fruit flies to increase production
of protective antioxidant enzymes has led, in
different studies, to an increase in lifespan, a
decrease in lifespan and no effect at all. The
formerly clear link between oxidative stress
and ageing is becoming increasingly tenuous.
Even within simple correlative evidence
problematic species are starting to crop up.
For example, high levels of oxidative stress
have been observed in long-lived animals
including vampire bats and certain species
of birds. A striking example is that of the
naked mole rat, which endures high levels
of oxidative stress while providing its cells
with minimal protection and yet manages
to outlive similar sized rodents by a factor of
eight.
A weight of evidence is building to show
that oxidative stress, although very likely to
play a part in ageing and disease, does not
alone determine lifespan. New research is
exploring other explanations such as protein
integrity after it was noted that the cellular
proteins of naked mole rats can sustain much
higher oxidative stress than those of mice. The
oxidative stress theory of ageing provided an
explanation that was elegant in its simplicity
and youthful in its ability to explain all at
a single stroke; now perhaps the time has
come for it bend a little under the weight of
evidence, concede complexity and allow
others to come to the fore. It comes to us all. ■
Daisy Brickhill is a PhD student in Ecology
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Philosophy? Naturally!
Scientists do philosophy all the time. They just don’t realise
they’re doing it, explains sean mcmahon

“Ph

ilosophy degrees: please take one.”
The words are scrawled below a toilet
roll in the gents’ bathroom of a University of
Aberdeen science department. The meaning
is plain: philosophy is easy, trivial and
disposable; only fit to wipe… well, you know.
These
sentiments
are
mistaken.
Philosophy is the rigorous study of our most
fundamental concerns: How can we know
what is true and false? What
constitutes a valid argument?
Do we have free will? Anybody
who explores these questions
rationally is doing philosophy.
Clearly, science itself may
be regarded as a branch of
philosophy; indeed, the word
science in its modern sense replaced the
earlier term natural philosophy.
As the joke on the bathroom wall suggests,
however, philosophy has a poor reputation
among scientists today. The well-known
biologist Steve Jones quips: “philosophy
is to science as pornography is to sex.”
Even Stephen Hawking’s 2010 book, The
Grand Design, declares that “philosophy is
dead.” Ironically, the same book goes on to
argue that “there is no picture- or theoryindependent concept of reality”, which is not
a scientific claim but a complex philosophical
one. Many scientists, like Stephen Hawking,
do philosophy all the time. They just don’t
realise they are doing it.
Science makes presuppositions across
the range of philosophy, from the structure
of reality (metaphysics) to the nature of
knowledge (epistemology) and the validity of
reasoning (logic). Like Hawking’s argument
above, these principles cannot themselves
be tested scientifically, but neither are
they trivial or self-evident. They are in fact
the products of centuries of philosophical
thought—in ancient Greece, in the Islamic
Golden Age, in Renaissance Europe, and
throughout the Western Enlightenment.
Indeed, it was philosophers who became the
first scientists—even the word scientist was
coined by a philosopher. Before we examine
the contemporary value of philosophy, let’s
review its historical contributions to science.

“

N AT U R A L I S M
Our earliest attempts to understand the
universe appealed to mythology and religion.
Unfortunately, this approach can account for
any number of phenomena in any number
of ways, provides no useful predictions
or general laws, and raises more difficult
questions than it answers. The alternative
is naturalism, a philosophy that seeks to
explain phenomena without
resorting to supernatural
intervention.
The
earliest
known
champion of naturalism was
Thales (c. 624–c. 546 BC),
who hailed from Miletus
in Asia Minor (modern
Turkey). One of the first philosophers in the
Western tradition, Thales sought natural
causes for phenomena like magnetism and
electricity. His ideas now seem bizarre, but
Thales’ naturalism profoundly influenced
the future course of philosophy and remains
a cornerstone of scientific thinking. Among
his early successors was Anaximander (c.
610–c. 546 BC), who described the Earth’s
water cycle and who suggested that humans
and other animals developed gradually from
aquatic ancestors.

_.even the
word scientist
was coined by a
philosopher._.
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ATOM ISM & DE TERM I N ISM
Perhaps the greatest achievement of
Greek proto-science is the theory of atoms,
developed by Leucippus (5th century BC)
of Miletus and his student Democritus (c.
460–c. 370 BC). This theory accounts for
all objects and events in terms of minute
indivisible “atoms”, which hang together
across empty space by means of their
interlocking shapes. All events are reducible
to the mechanical interactions of these
atoms. This worldview—formulated without
experimental evidence—was crucial to the
development of modern science; indeed,
Democritus is sometimes called “the father
of science”. One of its implications is that
future events follow predictably from the
configuration of atoms in the present. This
idea, called determinism, encouraged the
search for laws governing the movements
of the atoms, and found its ultimate
expression in the work of Isaac Newton.
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EM PI RICISM
Plato (c. 424–c. 348 BC) is often regarded as
the greatest of the Greek philosophers. Many
of his ideas, however, were antithetical to
science. Plato taught that our observations and
experiences are too subjective, incomplete
and changeable to provide certain knowledge
of the world. Instead, Plato sought knowledge
of the ideal forms, the perfect archetypes of
all objects and ideas, which were supposed
to exist in a kind of transcendent reality
accessible only to the intellect.
Fortunately, Plato’s student Aristotle
(384–322 BC) disagreed. Aristotle enrolled in
Plato’s academy in Athens at the age of twelve
and went on to make enormous contributions
to philosophy, including the invention of
formal logic and a hugely influential account
of causality. He was also a prolific scientific
researcher, making important progress
in physics, chemistry, geology, astronomy,
meteorology, zoology and biology; among his
many innovations were the camera obscura,
biological taxonomy and developmental
embryology. Motivating all this work was a
philosophical doctrine directly opposed to
that of Plato: empiricism. In the empiricist
view, all knowledge is derived via the senses;
ideas about the nature of the universe have
to be verified by systematic observation and
experience. Aristotle’s exposition of this
philosophy inspired the birth of many new
sciences in the centuries after his death.
The importance of experimentation in
science was perhaps first appreciated during
the Islamic Golden Age, for example by the
Iranian polymath Jabir ibn Hayyan (c. 720–
815 AD) (Latinized to Geber). Widely read in
Greek philosophy, Geber applied empiricism
to chemistry, advancing our knowledge
of crystallization, dissolution, acid-base
reactions and a wide range of substances,
which he categorised systematically. He wrote
that scientists should “experiment in order to
acquire knowledge,” for “he who performs
not practical work nor makes experiments
will never attain […] mastery.” This emphasis
on experimentation also characterised the
work of other Islamic philosophers including
Alhazen (965–c. 1040 AD), the founder of
optics; and Avicenna (c. 980–1037 AD), who
pioneered the concept of momentum.

PARSI MONY

A R I STOT L E: SC I E N T I ST
(Above) Aristotle points to earth,
not heaven, as the source of
knowledge in Raphael’s famous
painting, The School of Athens.

The principle that theories should be as
simple as possible was appreciated by Aristotle,
but its most influential advocate was a
fourteenth-century English friar, philosopher
and theologian, William of Ockham (c. 1288–
c. 1348). Ockham’s Razor—so called because
it trims away superfluous elements from
theories—states that “nothing ought to be
posited without a reason”; in seeking to explain
an object or event, one must be careful not to
invoke more new principles and entities than
are really required. This consideration, also
known as parsimony, became an important
factor for scientists when choosing between
rival theories. In biology, for example, a
technique called parsimony analysis is used to
reconstruct evolutionary relationships in such

a way that the number of stages or mutations
is minimised: such a reconstruction provides
the simplest explanation for the facts.

TH E SCI ENTI FIC M E THOD
It is widely agreed that science is distinct
from other disciplines because it makes use of
a “scientific method”. But what is it? An early
formulation was proposed by the English
philosopher and politician Francis Bacon
(1561–1626). According to Bacon, if some
phenomenon is seen always to occur under a
particular condition, to occur partially when
that condition only partially obtains, and not
to occur at all in the absence of that condition,
then the condition is likely to be the cause
of the phenomenon. Thus, he advocated
controlled experiments, in which systems
are measured while one condition at a time is
systematically varied.
In Bacon’s view, as in Aristotle’s, science
proceeds by induction: the inference from
particular experimental observations to
universal laws. But can we justifiably assume
that a result obtained in one time and
place will also apply in all others, or under
conditions other than those investigated?
This epistemological problem was articulated
by the Edinburgh philosopher David Hume
(1711–1776). In response, Austrian-British
philosopher Karl Popper (1902–1994)
argued that the real method of science is
not to prove theories—which is impossible—
but to disprove (or falsify) them, which can
be achieved, as in mathematics, by a single
counterexample. Thus, a key criterion
for a scientific theory is that it should be
falsifiable: it must be possible to conceive of
an observation that would disprove it. This
criterion has been rapidly accepted by the
scientific community.

PH I LOSOPH Y DEGREES:
PLE ASE TAKE ON E
Naturalism,
determinism,
empiricism,
parsimony, induction and falsifiability: all
these pillars of science are philosophical
in nature and origin. But the relationship
between science and philosophy is not purely
historical. Computing science, for example,
is essentially the application of formal logic.
Philosophers are trained to resolve paradoxes,
to expose the hidden logical structure of
arguments, to pin down and clarify abstract
concepts, to demystify counter-intuitive
results, and to prevent implicit assumptions
in our language from leading us astray. These
skills are indispensible in thorny subjects like
quantum physics and human consciousness,
where philosophers continue to make
necessary contributions. These are
the frontiers of science, where
the questions are hardest
and most fundamental. If
our anonymous toiletscribbler hopes to work in
these fields, he may wish
to take his own advice.
At any rate, he certainly
owes philosophy more
than he realises. ■

Sean McMahon is a PhD student in astrobiology
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Free Radicals
& Forbidden Fruit

Science has become an institution. Perhaps that’s why
progress has stalled, argues science writer colin bruce

A

few years ago, I wanted to write a book
_that would seriously question the way
the scientific quest is now conducted.
I am of the generation that, as children,
saw men first walk on the Moon. That same
magic year—1969, the year of Woodstock—the
giant Boeing 747 carried its first passengers,
introducing the era of cheap air travel. Yet
incredibly, my parents introduced me to old
people who’d been my age when the Wright
brothers first flew. My lifetime was surely
going to see awesome things happen.
Forty years later and
counting, it’s been pretty
disappointing. The many
Big Science projects since
have been pale failures
by comparison. President
Nixon’s ‘War On Cancer’
came to little. The Shuttle
turned out to be more expensive and less safe
than the amazing Apollo hardware. Concorde
no longer flies. Clean, cheap fusion power
remains as far off as ever.
Almost everything we think of as a modern
wonder was in fact conceived pre-1969. The
Hubble telescope, for example, is essentially a
clone of an early model spy satellite, the kh-11,
workhorse of the 1970s. The Internet is great
but its first version, arpanet, went live in 1969.
There were applications very like the World
Wide Web just ten years later: one that older
people will remember was used by travel
agents to make flight and hotel bookings. By
1981 my cheap home computer did perfectly
good word processing, video games, and
even let me access my work electronic mail.

“

Thirty years later, my desktop machine is
theoretically faster, but actually takes longer
to boot up.
Here is a personal story that illustrates how
progress has slowed. The father of a friend
spent his career at Britain’s leading fusion
centre, near Oxford where I live. When he
came there in the 1950s, the scientists were
working out of prefab buildings in primitive
conditions. They did not care: in a year or two
they would crack fusion, and then move on
to new jobs, greening the Sahara or building
spaceships, doing something
exciting. That was how big
science projects had worked
up till then.
Time passed, and the
project grew, but the goal
receded. Comfortable office
_
blocks were built. And one
day it dawned on him that fusion would not
be solved in his time. He had a job for life.
By then he had a wife, a family on the way,
responsibilities. He could see the advantages
of a permanent post. And yet, now long retired,
a great wistfulness still comes over him when
he remembers those early days, when he and
his colleagues were about to transform the
world.
My book would question the processes of
modern science. One issue was the nature
and inertia of big institutions. Another, what
was already called by insiders ‘the tyranny
of peer review’: the way the current system
rewards small steps and diligent work, while
blocking big game-changing ideas that would
inevitably spoil someone else’s lunch.

_.almost every
modern wonder
was conceived
pre-1969.
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_.any kind of
establishment
tends to
become the
enemy of
progress.

”
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My then editor loved the proposal, and
developed it into an excellent sales pitch. His
oversight committee turned him down flat.
He worked for the publishing arm of a famous
scientific institution: his committee pointed
out that the dinosaurs I was criticising were
the very same projects they themselves were
approving and funding!
I now regard that decision as a blessing in
disguise: my real ambition goes further. Let
me recommend three entertaining books that,
between them, cover the arguments I wanted
to make.
The vintage Parkinson’s Law has just been
reissued as a paperback, with a commentary by
Leo Gough to bring it up to date. Wonderfully
witty, retired British civil servant Parkinson
describes how any task can expand to fill the
time and resources available—however tiny
the task, and however vast the resources. One
example he found was the British Admiralty,
which doubled its staff even as the number of
battleships it directed shrunk by two-thirds.
Parkinson would have loved a new exemplar:
paper studies for the Space Station consumed
billions of dollars over many years, without a
single bit of hardware being built. Legitimate
theoretical problems to solve? Hardly—the
Americans and Russians had both already
operated successful space stations, back in the
immediate post-Apollo era.
Robert Ehrlich’s Nine Crazy Ideas In
Science identifies scientific issues that are
not as cut-and-dried as a layperson might
believe, and empowers readers to think for
themselves about notions that are not the
current orthodoxy. I have some reservations
about particular chapters, but in general
he succeeds admirably. One of my most
depressing moments talking to a member
of the publishing fraternity was hearing an
editor of popular science books, possessor of an
English degree, denounce Ehrlich, lamenting
that someone should dare to tell the public
about ideas which were not ‘official’! Part of
the job of a science writer is to enable readers
to share the joy of speculation. Ehrlich is very
careful to identify to what degree individual
ideas he discusses can be taken seriously. Of
course, the twist is that some are probably far
from crazy.
A brand new book, Free Radicals by Michael
Brooks, does a good job of debunking the idea
that scientists do (or even should) play by the
rules, queuing up in an orderly fashion to wait
humbly for their ideas to be sanctified by an
Infallible Process of peer review. He gives
dramatic examples of how badly the process
works when it comes to evaluating highly
innovative ideas: the bureaucratisation of
science leads to mediocrity, over-emphasis
on mundane micro-advances. One leading
researcher he quotes is Martin Rees, who has
served as both Astronomer Royal and President

of the Royal Society. You could hardly find a
more establishment scientist. Yet Rees now
thinks it vital that there is a forum where
speculative papers can be posted, to see if
they can garner support without first running
the gauntlet of peer review censorship.
All three books illustrate one central theme:
any kind of establishment tends to become the
enemy of progress. This leads to a horrifying
thought. Could it be that the absence of
breakthroughs in the last forty years has
come not in spite of, but actually because of,
the huge growth and institutionalisation of
modern science?
The most constructive way to prove this
is to find specific, important opportunities
which the scientific community has failed
to follow up. This is the subject of my new
series Forbidden Fruit. I have started with
fusion. One of the physicist-engineers I most
respect has described fusion as the hardest
goal the human race has ever set itself. Fusion
is not a complicated process. The conditions
for it occur naturally in the interior of every
star, whenever atoms start to collide at high
speed. However, there’s a big difference
between understanding the rules of a game,
and finding winning strategies. There are
very good reasons (which those engaged in
the development know perfectly well) why
neither building giant magnetic bottles nor
zapping things with powerful lasers—the
‘official’ programs—are likely to lead to the
Holy Grail of limitless cheap, clean power
anytime soon.
There are many alternative routes to fusion.
Some are dubious or arcane—‘cold fusion’
is a cautionary tale. But several others are
promising enough to have won substantial
funding from an extremely tech-savvy
generation of Internet billionaires. There are
comparisons to the tale of the aircraft and
the airship. Right up to the late 1930s, the
big government money continued to go into
airships, flying in the face of physics, finance,
and the engineering track record. It was only
the pressure of imminent war that finally
made the authorities see sense: as a result, we
now enjoy a wonderful age of cheap, safe air
travel.
It’s time for the Wright brothers to ride
again. Fusion Is Easy, just published, contains
a somewhat cynical (but heartbreakingly
truthful!) history of the pursuit of fusion
power by the government-academic route,
and a description of the genuinely promising
paths to success. Please read it, and make up
your own mind. A quarter of a millennium
ago, the Scientific Enlightenment which
led to the Industrial Revolution started
in Scotland. If progress is to resume, and
with it secure economic growth, we
must return to its guiding principle:
Think For Yourself. ■ © Colin Bruce 2011

Colin Bruce is the author of The Einstein Paradox, Conned Again, Watson! and Schrödinger’s Rabbits,
all from impeccably mainstream science publishers. His website is colinbruce.org.

22

ABERDEEN

4-9 SEPT 2012

BRITISH SCIENCE FESTIVAL ABERDEEN, 4–9 SEPTEMBER 2012
GET INVOLVED NOW!
Europe’s biggest science festival is coming to Aberdeen in 2012, hosted by the University
of Aberdeen working alongside TechFest-SetPoint. On its first return to the city since 1963, the
event will place the North East in an international spotlight. Widespread media coverage with
daily press conferences will ensure huge publicity for events. There will be lots for everyone,
including specialist interest audiences, the general public and schools.
There are many ways for individuals and organisations to get involved: Are there high-profile
speakers or popularisers of science you would like to see in Aberdeen? Perhaps you’re a researcher
with a project likely to be generating major results around the Festival? Do you have a good idea
for a novel event for schools or the public? Whatever your area or interest, now is the
time to start thinking because the official Call for Proposals runs from Monday 6
June 2011 until midnight on Monday 7 November 2011.
The online form for submitting ideas to the British Science Festival can be found at
http://www.abdn.ac.uk/2012. You could help shape next year’s Festival and be part of a
unique event in Scotland’s science calendar.

APPEAL TO REASON

Hunting Nessie
craig horton salutes the search for mythical creatures

Bi

“

cryptozoology is
ridiculed
at virtually
every turn.

”
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gfoot. Nessie. Kraken. Sceptic or cynic,
we have all heard of these cryptids, but
what actual purpose do they serve? Is the field
of cryptozoology simply the playground of
hoaxers and deluded investigators, or is there
more to the study of cryptids than meets the
eye?
It would be easy to answer this question
with a resounding ‘no’: after all, it is arguable
that anyone who believes in the existence of
the ‘dingonek’ – a walrus which resides in the
African jungle – should not be taken seriously.
Despite this there are many avid proponents
of cryptids from around the world, all eager
to share their stories and convince us of the
truth.
Take for example the ‘Mothman’ from
West Virginia, United States, who between
November 1966 and December 1967
terrorised residents of Point Pleasance with
his large red eyes and piercing shriek. It was
such a striking story that American journalist
John Keel, who was also keen on ufos, wrote
the 1975 book The Mothman Prophecies
detailing past sightings and his theories for
their occurrence. In 2002 Keel’s book was
turned into a film of the same name, starring
Richard Gere as a reporter investigating the
supposed winged messenger of doom. This
gradual emergence from initial sighting to
international notoriety is typical of most
cryptids, with some faring better than others.
The ‘Mothman’ has done well for himself,
joining the ‘Kraken’, ‘Bigfoot’ and others in
becoming urban legend and the subject of
many debates and documentaries.
The ‘Loch Ness Monster’ attracts
thousands of tourists to Scotland each year,
and has prompted all manner of merchandise
to be stocked in Scottish tourist shops. Love
them or loathe them, it seems we have
adopted cryptids into our popular culture.
With ‘Nessie’ and his unevenly-legged
comrade the ‘Wild Haggis’, it is easy to see
why, as they provide a reliable and lucrative
source of income for Scotland. The best part
of this arrangement for the Scottish tourism

industry is that until proved non-existent,
the myths will endure and the money will
keep rolling in. Regardless of whether the
boatman believes you will spot ‘Nessie’, he
will still take you on an expensive cruise
around Loch Ness.
Our fascination with cryptids also
translates itself into the arrangement of hoax
cryptids like the ‘Cardiff Giant’, supposedly a
petrified giant who was discovered by welldiggers in Cardiff, New York in 1869. In truth
the giant had been created by order of atheist
George Hull, in retaliation to a statement in
Genesis 6:4 about giants once living on Earth.
As with most hoaxes this was simply an
attention-seeking act, and it worked. Indeed
humanoid cryptids like ‘Bigfoot’, ‘Agogwe’,
and the ‘Gnome of Gerona’ have drawn
the most public attention, whether hoax or
unconfirmed. Could the search for ‘missing
links’ between our ancestors and us be
influential in our continuing fascination with
cryptids?
If nothing else, the field of cryptozoology
reflects our constant questioning of the world
around us, yet it is ridiculed at virtually every
turn. The mental stability of cryptozoologists
is often called into question, with critics rarely
pausing to consider the facts. Many of us have
seen something we cannot explain, but that
does not make us mad. It makes us curious,
and it makes us human. Cryptids have often
been used for personal gain, but they have
also inspired many people’s curiosity, which
is no bad thing.
If workers at the Large Hadron Collider
strive to prove the existence of the
hypothetical Higgs boson or ‘god particle’,
surely cryptozoologists should be allowed
the chance to prove the existence of
hypothetical cryptids? After all the okapi,
Hoan Kiem turtle, and mountain gorilla,
all now widely accepted by the scientific
community, were once classified as cryptids.
There is an old saying that ‘curiosity killed
the cat’. Maybe so, but perhaps it discovered
a jungle walrus or two along the way. ■
Craig Horton is a student in geography
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REVIEW

A winning argument
Are champions born or made? matthew syed’s Bounce
shows that practice trumps predisposition

Ar

e champions born or made? When
we speak of ability on the tennis
court, in the science lab, or in the concert
hall, the words gift and talent often come to
mind, setting high achievers apart from the
rest of society. Champions have something
extra, something special that we cannot
quite define, the ‘x-factor’; they were simply
born to excel at their particular endeavour
to a level that most people simply couldn’t
imagine achieving. But is that true? Am I
genetically predisposed (or perhaps I flatter
myself) towards being a passable scientist
and writer, or have my environment and a
good helping of hard work conspired to make
me the person I am today?
In Bounce: The myth of talent and the
power of practice, Mathew Syed argues that
we greatly overestimate the importance—or
even existence—of natural ability and talent.
Drawing on his experience as a former
elite table tennis player, he asks how top
athletes reach the very pinnacle of human
achievement, and how we can apply the
answers to our everyday lives.
At the age of 24, Syed became the British
number-one table-tennis player. By his own
admission he was an ordinary boy, born
into an ordinary family, and educated at
the local comprehensive school. On the face
of it, the story of his success would seem to
be a personal triumph against the odds. He
must have had some innate ability, some
piece of genetic code that marked him out
as a supremely gifted sportsman. However,
he encourages the reader to look deeper into
his story and those of other high achievers.
He argues that talent may be simply the
result of hours of hidden practice and lucky
circumstances.
His own career is a prime example:
while outwardly it appears that there was
nothing special in his early life to suggest his
future greatness, several small but additive
coincidences, opportunities, and chances
went his way. His parents bought a fullsized table-tennis table, giving him an early
advantage over his peers; his brother enjoyed
playing the sport, giving Syed a perfect
playing partner; and a chance meeting with
a school teacher resulted in Syed joining the
table-tennis club. All of these factors led to
one thing: the opportunity to practice.
We all accept that practice is essential for

success, or else why would we send children
to school, or strive hard at work? But is it
sufficient? The idea that natural gifts mark
out those who excel from average achievers
is incredibly powerful and is
accepted almost without question.
Francis Galton, the Victorian
polymath, proposed that ability
is inherited in the same way that
physical attributes are. According
to this hypothesis, the properties
you are born with determine your
success or failure in later life, and
practice plays only a small role.
But is this the case?
To answer this question, Syed
explores further the nature of
talent. In 1991, the psychologist
Anders Ericsson conducted an
experiment
involving
three
groups of violinists. The first
group was made up of outstanding
students expected to be the future
star soloists; these students were
considered ‘supertalented’. The
second
comprised
excellent
students who would fill the world’s
top orchestras. The third group
was formed of less able students
who were training to become music teachers.
Students from all three groups were subject
to biographical interviews about their
music careers so far. There were very few
differences between the students: they had all
started playing at a similar age and received
similar levels of tuition. However, there was
one stark difference between students from
the different groups: the number of hours
they had devoted to practice. The top students
had spent 10,000 hours practicing by the age
of 20, contrasted with an average of 4,000
hours completed by the less able students.
The observation that practice trumps
talent has major implications for how we
live our lives. If this is the case, for example,
is it right to stream children according
to ability at school? Should we give up
on that golf swing or front crawl? The
arguments laid out in Bounce: The myth
of talent and the power of practice suggest
not. Perhaps we can achieve anything we
want—if we have 10,000 hours to spare. ■

Review by

jemma
ransom

rrp £8.99
P R AC T I C E P R O .
(Below) Matthew Syed..

Jemma Ransom is a PhD student in medical sciences
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Solution to last issue’s crossword at www.aumag.co.uk

Let’s Get Physicsal

Down

1. Random signal (5)
1,17. Key equations in fluid
3. e.g. fluorine (7)
dynamics (6-6)
7. CH3 group (2)
2. Charged particle (3)
8. Hot inner planet (5)
3. Requiring complex organic
10. American scientific society (1,1,1) nutrients (13)
11. Greek letter denoting angles (5) 4. Pertaining to Earth’s moon (5)
12. Greek letter denoting time
5. Member of snail phylum (9)
constants (3)
6. Well-known scientific journal (6)
14. Chemical process (8)
9. e.g. 22 Across (5)
15. Centre (of the Earth) (4)
13. Orbiting body, esp. artificial (9)
17. Plant embryo (4)
16. Low-pH substances (5)
18. Sugar in fruit (8)
17. See 1
21. Liquid hydrocarbon mix (3)
19. Ability to do work (6)
22. Fatty molecule (5)
20. Transparent (5)
23. Frozen dihydrogen monoxide (3) 25. Doctoral qualification (2,1)
24. Famous American linguist (5)
26. Region of em spectrum (1,1)
27. 18-carbon organic acid (7)
28. Land flooded for rice-growing (5)

a

b

Save The Elephant!
A pivoting crane lifts a drowning
elephant from the sea as shown. It
is found that when the elephant is
completely submerged, it balances
a weight x−2 on the crane. When
the elephant is completely above the
surface and fully drained, it balances
a weight x on the crane.
Show that x is independent of
lengths a and b (from the pivot to the
points above elephant and weight
respectively), and then find x given
that the density of the elephant is 1.5
times that of seawater.
x = ..........

x−2

x

Puzzles by Sean McMahon. Solutions at www.aumag.co.uk
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Can you remember all twenty
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