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In our second class, we’ll be
continuing to dig deeper into some
of the topics we’ve already explored
in the first class. We’ll take a look at
some ways in which computers and
new technologies are continuing to
revolutionise a wide variety of fields,
from zoology and conservation, to
medicine, psychology and genetics,
including an examination of the
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You can share your answers to any of the challenges in
this class – or responses to any other articles you have read
– to be in with a chance of winning Amazon gift vouchers!
Responses could be in the form of a drawing, a mini-essay, a
photograph, a video – anything you like.
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Click here to share your work, and for full details!
All entries received by Wednesday 2nd March 2022 will be
entered into this month’s prize draw, and your work may also be
featured on Inspire Digital and in future editions of the course.
You can submit as much or as little as you like – so please feel
free to send us responses to multiple challenges or articles if
you like!
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exciting (but controversial) new
technology of gene-editing. And in
the humanities, we’ll continue our
exploration of the ancient world and
attitudes to the notion of ‘progress’
in Greece and Rome, as well as
leaping forward to the 20th century
to a pivotal moment in the history of
modern art in post-war Britain.

Will we all voluntarily
drug ourselves to be
smarter in the future?
We hear a lot in the modern world about Artificial
Intelligence – but what exactly is ‘intelligence’,
and what counts as ‘artificial’? What happens
when we use technology to enhance the
intelligence of humans, as opposed to machines?
In this article Dr Keno Juchems explores the
implications of some of these questions.
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H

ow can we make ourselves
smarter in 50 years’ time?
When psychologists talk
about a question like this, they
usually refer to this as “cognitive
enhancement”. You can broadly think
of this as improving one’s abilities
(not necessarily just intelligence)
using “external” means. When you
hear this, what is the first thing that
comes to mind? Many people will
likely think that we can improve
our thinking using certain drugs,
much like a professional athlete may
increase performance using (illicit)
chemical substances. Or, perhaps, in
the good tradition of many science
fiction movies, you think of brain
implants, which we can use to simply
“upload” knowledge; for example, we
could instantly learn how to speak
any language without having to spend
hundreds of hours practicing.
You might call this the Quick and
Easy way. We simply take an artificial
substance or device and are instantly
the wiser. But what is perhaps less
apparent is the fact that we already use
cognitive enhancement all the time
in a more Slow and Lasting way. For
example, changes in general nutrition
and health over the last seven or
eight decades has led to an increase
in general intelligence across most
developed nations. This is known as
the “Flynn effect” and you can read
more about it in the links below.
Similarly, the way in which we teach
has changed drastically, moving away
from lecture-style teaching to styles
that encourage direct participation.
Projecting ourselves into the
future, which of these two ways will
bring the greatest benefit? Will we
all take pills to function properly at
work and in school? Or will we have
our own AI assistant that is best
able to teach us a new skill? As you

can probably imagine, researchers
and private companies are actively
working on all of these aspects. But
who currently has an edge?
To find out, researchers use a
technique called “meta-analysis”, in
which they analyse the results of a
great number of studies to find if
there is a consistent effect across
all of them. Looking at a number of
drugs, the effects are clear: several
substances, including coffee, but
also those used to treat Attention
Deficit Hyperactivity Disorder, have
a clear effect on concentration.
However, many of these substances
are medically controlled, because
they can have serious side effects and
our knowledge about their function
in non-clinical populations is still
limited. Nevertheless, it is estimated
that anywhere between 7% and 25%
of students in colleges use controlled
drugs to cope with exams without
prescription. In this sense, the Quick
and Easy way is already a reality.
The Slow and Lasting way,
however, is more difficult to measure,
in part because it is almost impossible
to experimentally manipulate. But if
5

we think of something a bit easier to
measure, like how good your memory
is, then there are several companies
that are active in this area. This is
commonly termed “Brain Training”.
Recent studies have shown that there
is little reason to believe that these
training apps work as advertised.
While they probably improve your
performance on the exact game that
is used in the app, there is little to no
evidence that they “transfer” to other
settings. In other words, you might get
really good at remembering random
sequences of letters, but you will likely
not remember material for your exams
any better. Despite this lack of practical
solution at this time, many researchers
believe cognitive enhancers that work
as “trainers” to improve learning have
the potential to profoundly change the
way we learn and work.

Challenge
No matter who wins – the Quick
and Easy or the Slow and Lasting
– the prospect of these future
enhancement opportunities will raise
thorny questions about fairness.
What if rich people can buy their way
to looking more intelligent? What if
everyone uses (and is allowed to use)
a certain drug during exams, but you
happen to be allergic to it?
But there is also a more general
problem here. Most of the measures
we use in psychology are comparative
in nature. That is, for most tests of
intelligence, memory, etc., all we
can say is that someone is better than
others in the same group of people.
For example, intelligence test results
are corrected for age (the same score
will give you a different IQ when you
are 16 than when you are 60), and
they are regularly updated to adjust
for the “Flynn effect”. Without this,
the average intelligence would have
slowly drifted from 100 to 115 and we
would have difficulty comparing a test
taken now to one taken fifty years ago.
But what good is this measure at all
if anyone can, for a short time, boost
their intelligence? Where do we draw
the line to this cognitive “doping”?
Most of us would probably drink
some coffee before an important test,
but why is caffeine allowed and not
other substances with bigger effects?
From today’s perspective, cognitive
enhancement is at a very early stage.
But we can already clearly see massive
challenges to the way we test, compare,
and learn in the future, and psychology
and the wider society will need to
address these challenges very soon.

1. What do you think might be one of the causes behind
rising IQ scores? Are there any ways you could test your
hypothesis either in a lab experiment or through data analysis?
2. Imagine for a moment that cognitive enhancers were widely
available and safe to use. What rules and regulations would you set
for their use during exams? Should everyone be given free access?
Or should they be highly restricted as is the case in doping in
sports? How would you justify your view?
3. If you had to design your ideal app-based “Brain Training”,
what would it do? What ability would you improve and how
would it help you achieve this improvement?
To submit your work, please click here!

Find out more

Further Reading

Is exercise a cognitive enhancer?
Have we been doing cognitive enhancement for thousands of years?

If you enjoyed this article…
You might want to explore our courses in:

How well do commercial Brain Trainings work these days?

Psychology and Joint Schools | St John’s College, Oxford

Dr Keno Juchems is a Junior Research
Fellow in Psychology at St John’s
College, Oxford

Making sense of rising IQ scores
Studying Psychology at St John’s College, Oxford – YouTube
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The Conquered Know Best:
Ancient Rome and Progress
Over 2,000 years ago, the Ancient Romans conquered territory
around the Mediterranean, forming what was then the largest
empire the world had ever known. It might be tempting to think
that the Romans, as the ‘conquerors’, thought of themselves as
bringing ‘progress’ and ‘modernity’ to the people and lands they
ruled. But it wasn’t quite this simple… Stephan Nitu explains.

W

hen the Spanish and
Portuguese toppled the
indigenous civilizations
of the Americas, the natives’ cultures
were trampled underfoot. Books
were burned, languages and customs
brushed aside, religion and all
other parts of culture replaced by
the conqueror’s. This is a pattern
we’re familiar with: as one society
subjugates another, the new way
of life is dictated by the invader.
Sometimes, as with the British Raj in
India or Japan in Korea, there’s even a
claim that the conqueror’s way means
progress, that newer is better. Surely it
would have been odd for the British to
adopt the local cultures. And yet that’s
exactly what happened 2,000 years
ago, when Rome conquered Greece.
By the second century BC, Rome
had grown beyond its origins as a
small town ruled by neighboring,
foreign kings. Having defeated
the many other peoples of Italy, its
eye was now drawn to the larger
Mediterranean Sea. A series of wars

against Carthage — the preeminent
naval trading power, made famous
by Hannibal and located in modernday Tunisia — cemented Rome’s
power abroad. Greece’s heyday,
conversely, had passed. The collection
of city-states who gave us democracy,
Socrates, and the Olympics had been
restrained by various monarchs from
Egypt or Macedon — Alexander the
Great’s home. So, when Quintus
Flamininus proclaimed the freedom
of all Greeks after defeating Macedon,
he simply meant that Greece had a
new overlord. Yet it might have been
difficult to tell who conquered whom:
plundered art and sculpture did not
sit in an ancient ‘museum’, displaying
Rome’s predatory power, but became
actively copied as wealthy Romans
changed their cultural tastes to suit
the Greeks. The elites spoke Greek,
adopted Greek fashions and manners,
and co-opted Greek religion!
Why did the conquerors adopt
the conquered’s culture? Of course,
the Romans were not pure at heart:
8

Flamininus plundered Sparta, once
a mighty military power, and fifty
years later the mercantile city of
Corinth was razed to the ground. In
fact, the Hellenization of Rome —
‘Hellas’ being the Greeks’ endonym,
or their name for themselves —
may have been influenced not by
the very top of society, but the very
bottom. Roman children were often
educated by slaves, bought and used
as pedagogues. Along with merchants
and refugees, the influx of slaves from
Greece, Macedonia, or Asia Minor
brought Greek culture into Roman
homes. More importantly, the GrecoRoman view of progress was different
from our own. Modern society still
sees progress as a straight arrow
from the past to the future, where
as time passes things improve. It
seems obvious enough: the economy
keeps on growing, computing
power doubles every 18 months,
and human rights are improving.
Yet this planet is old, and any idea,
no matter how seemingly true right
9

now, remains just an idea. Different
cultures have always had different
ideas, other frameworks equally valid
to ours by which they measured
the same concepts. Our progress
framework was forged during the
‘Enlightenment’, a period marked by
philosophers like Hegel and scientists
like Newton, convinced that time was
linear and knowledge was cumulative.
Everything could only get better.
For the Romans, though, the
present was often a poor man’s past,
the future uncertain. Writing in a
particularly turbulent period shaken
by rich generals with private armies,
the great orator Cicero frequently
set his philosophical dialogues in
the past, a ‘golden era’ filled with
better men. Centuries after their
establishment, the Romans still paid
attention to mos maiorum, ancient
customs that safeguarded their way
of life. As for the Greeks, the golden
past was quite literal: in the revered
writings of Hesiod, time was split into
Gold, Silver, Bronze, Heroic, and Iron
ages, the last one being the one the
Greeks inhabited. Later philosophers
broke with this strain of thinking,
but the idea firmly remained in the
word ὀπίσω (opisō), which can both
mean ‘backwards’ or ‘the future’. The
Greeks considered the future to lie
behind us, because we can’t see it.
Time was also cyclical, with Aristotle

believing that every great invention
had been invented in the past, ideas
revolving with the ages. Both the
Romans and the Greeks applied cycles
to their political theories, arguing that
from the undifferentiated masses first
arises a monarch, who degenerates
into a tyrant. He is deposed by
aristocrats, men with good principles,
who turn into oligarchs, a few
governing many. They are deposed by
democrats, who degenerate back into
mob rule, and the kyklos renews.
This is not to say that progress and
the future didn’t exist as ideas. The
Roman philosopher Seneca wrote that
there will be a time when the vastness
of the Earth will be known, and those
words inspired Columbus to set sail
1,300 years later. It was simply not a
dominant philosophy, though. And
this is perhaps our greatest takeaway
from a civilization so removed from
ours: the diversity of ideas, concepts,
and frameworks so different from
each other and from our own, a
reminder that progress is not a preexistent yardstick, that societies create
even such deeply-entrenched ideas as
time in their own image, and there
may always be somebody who sees
the world differently.
Stephan Nitu is studying for a DPhil
in Ancient History at Lincoln College,
Oxford

Welcome to Oxplore!
Oxplore is an innovative digital outreach portal from the University
of Oxford. As the ‘Home of Big Questions’ it aims to engage those
from 11 to 18 years with debates and ideas that go beyond what is
covered in the classroom. Big questions tackle complex ideas across a
wide range of subjects and draw on the latest research undertaken at
Oxford. Click these links to start exploring some Big Questions...

Are humans
more important
than other
animals?

Could we live
on another
planet?

If you enjoyed this article…
You might want to explore our courses in:

Classical Archaeology & Ancient History | St John’s
College, Oxford

Should we
put our
ocean first?
Studying Classics at St John’s College, Oxford – YouTube

Classics and Joint Schools | St John’s College, Oxford
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arlene Knight has, until
recently, been blind since
childhood. Born with a genetic
eye condition called Leber congenital
amaurosis (LCA), a faulty gene has
prevented the cells in her retina from
properly detecting light. However,
this changed when Knight was
among seven patients who allowed
scientists to modify their DNA with
the gene-editing tool CRISPR. In
September 2021, Knight reported
the huge progress made in treating
her condition: she can now “make
out doorways, navigate hallways,
spot objects and even see colours”.
This was the first time CRISPR had
been used to edit a person's genes
inside their body, but the technology
has huge potential for the treatment
of conditions such as cancer, blood
disorders, and cystic fibrosis. In
theory, CRISPR could be used to treat
all genetic diseases, but in practice,
therapeutic genome editing is still
in its infancy, and there are several
challenges to overcome before it
achieves mainstream adoption.

Can we edit our genes
to treat disease?
Our genes are responsible for many of the medical conditions that affect
millions of people around the world. Until recently, the idea that we
could alter the genes that we are born with was little more than science
fiction. However, new discoveries in the field of genetics have led to rapid
advancements which could radically change the way we treat disease –
something as controversial as it is revolutionary. Luke Barnes tells us more.
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How Does Gene Editing with
CRISPR-Cas9 Work?
The CRISPR-Cas9 system we use to
edit DNA was adapted from a naturally
occurring defence system in bacteria.
The bacteria capture snippets of
DNA from invading viruses and store
them in libraries (CRISPR arrays).
If the same virus ever attacks again,
the bacteria produce RNA segments
which target the “remembered” viral
DNA. Cas9 or a similar enzyme is
then used to cut the DNA apart, which
disables the virus.
Using this natural process as a
basis, scientists over the last decade
have co-opted the CRISPR-Cas9
system to add, delete or replace
elements within a given target DNA

sequence (Figure 1). By programming
Cas9 with a single “guide RNA”,
this method of gene-editing is much
faster, cheaper and more accurate than
previous technologies which required
a custom DNA-cutting enzyme to be
designed for each target sequence.

1. Guide RNA
binds to target
sequence and
the Cas9
enzyme.
Cas9
sgRNA
Target Gene

2. Cas9 cuts both
strands of DNA

3. Mutations are introduced when
the double strand break is repaired

Mutation
13

Figure 1

Genome editing is of great interest
in the prevention and treatment of
human diseases (Figure 2), and in
addition to Knight’s treatment, a
number of clinical trials are currently
using CRISPR-Cas9 to determine
whether it is safe and effective for
use in people. However, despite
the clear therapeutic potential of
this technology, many researchers
and bioethicists are worried about
potential ethical implications. Have a
think about the following questions:

off-target or unintended edits are still
unknown, even for a technology like
CRISPR that is many times more
precise than previous techniques.
Furthermore, there is still much to
learn about how particular genes
are involved in disease processes,
and it could be argued that current
clinical trials are overestimating our
progress by going after “simpler”
diseases where a single gene is at
fault. Progress is undoubtedly being
made, but diseases like LCA are very
rare, and tackling more common
conditions such as diabetes and
asthma will involve untangling the
complex interactions of multiple
genes and environmental factors.

1. Would it be right to use genome
editing for non-therapeutic
reasons – changing/enhancing
traits such as height, beauty,
intelligence, or personality?
2. Given the existing health
disparities between the rich and
poor, what would happen if this
technology was only accessible
to the wealthy? Could we end
up with classes of individuals
defined by the "quality" of
their engineered genome?
3. Many of the proposed applications
involve editing the genomes of
somatic (non-reproductive) cells,
but would it ever be appropriate
to edit germline (reproductive)
cells? These changes to sperm
and egg cells would be passed
on to future generations.

Some of these examples are clearly
extreme, but by having these
conversations now, the risks remain
only hypothetical, and we may be able
to mitigate some concerns through
strict policy and regulation.
There are also still significant
technical barriers that prevent genome
editing therapies from entering the
clinic. First, the risks and effects of

Conclusion
Upon the sequencing of the first
human genome in 2003, our
DNA sequence was thought to
hold everything that it meant to be
human. But, like a magic trick, the
wonder and sanctity surrounding our
DNA code has lessened as we have
determined the function of the genes
within it. Scientists now appreciate
that our genome is far from perfect,
being conceived by a blind process
of mutation and selection occurring
over countless years and generations.
Its legacy is consequently an unfair
one, where some people are born
with high risks of chronic disease
and disability due to random quirks
in their DNA. Powerful technologies
like CRISPR-Cas9 are now coming
to the fore with potential to correct
these genetic inequalities, but
whilst there is certainly great benefit
to be had in treating disease, we
must tread carefully, and discuss
the philosophical implications for
individuals, for society as a whole and
for future generations.

Further Reading

If you enjoyed this article…
You might want to explore our courses in:

Biological Sciences | St John’s College, Oxford
Carlene Knight’s story: A Gene-Editing Experiment Let These
Patients With Vision Loss See Color Again

Studying Biological Sciences at St John’s College, Oxford
– YouTube
The discovery of CRISPR-Cas9 by Emmanuelle Charpentier and
Jennifer A. Doudna was awarded with The Nobel Prize in Chemistry
2020. Read about it here, or watch Jennifer’s TED Talk.
Biochemistry | St John’s College, Oxford

A video illustrating how CRISPR-Cas9 works is available from the
McGovern Institute for Brain Research at MIT

Studying Biochemistry at St John’s College – YouTube

Careers interview: Heather Jeffery, Research scientist –
YouTube

The Personal Genetics Education Project has a fact sheet, Genetic
Modification, Genome Editing, and CRISPR, that provides an
introduction to genome editing

Biomedical Sciences | St John’s College, Oxford

Luke Barnes is a Medicine student at
St John’s College, Oxford
‘The Dark Side of CRISPR’ – This Article in Scientific American
discusses a potential future of gene editing, where “fixing” people
at the genetic level is a threat to those who are judged by society to
be biologically inferior

Figure 2
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Careers interview: Dr Rohan Wijesurendra – YouTube
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This is Tomorrow
Thinking about future developments is not something that occupies
only scientists: the idea of ‘the future’ has been a driver of creative
and artistic development throughout human history. In this article
Professor Alastair Wright describes a particularly striking example of
this: the ‘This is Tomorrow’ exhibition held in London in 1956.

I

n the 1950s many British artists,
architects and designers began
to imagine what the future might
look like following the horrors of
World War II and the post-war years
of rationing and economic slump.
Often they were optimistic about the
future, but not always.
One of most significant attempts
to envision the future was the ‘This
is Tomorrow’ exhibition at the
Whitechapel Art Gallery in London
in 1956. For the exhibition the
rooms of the gallery were divided
into twelve separate sections, each
curated by a different group of visual
arts practitioners. The different areas
reflected the diverse ways in which
the future was imagined at the time.
Some of the groups chose to
display modern architectural design
in innovative materials such as
aluminium and Perspex. This was
one vision of the future: a time when
everyone would live in fashionably
up-to-date surroundings. Others
presented the latest abstract painting
and sculpture, another sign of their
orientation towards the new.
Some groups, however, were less
sure that the future was just a matter
of modern style. Group 12 devoted
their pavilion to information systems.
With an interest in early computers
and machine-driven decision making,

they believed the most significant
changes to come would be in how
society made use of information
technology – a prescient view, given
the subsequent rise of smart devices
and social media.
The two most striking visions of
the future were created by Groups
2 and 6. Group 6, comprising the
artist Eduardo Paolozzi, the architects
Alison and Peter Smithson, and the
photographer Nigel Henderson,
imagined the future as catastrophe. In
their installation, ‘Patio and Pavilion’,
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rough wooden walls supported a
corrugated plastic roof. The roof and
the sand-covered floor were littered
with broken and battered objects
including parts of a bike, a dented
bugle, and an old clock. On the wall
Paolozzi hung a photomontage of
a cyborg figure, part human, part
machine. The installation represented
the fragmentary remains of life in the
1950s as they might be excavated by
archaeologists of the distant future.
The implication that present-day
culture might survive only in this

form spoke to memories of the war
– the horrors of the Holocaust and
of the atomic bombs dropped on
Hiroshima and Nagasaki – and to
the deeply-felt fear that the incipient
Cold War might lead to nuclear
annihilation. For Group 6, the future
was haunted by the recent past.
At first sight Group 2’s take on
the future appears very different.
The artists Richard Hamilton and
John McHale and the architect John
Voelcker created something akin to
a funfair. Film posters, a cardboard
cut-out of Marilyn Monroe, and an
oversize Guinness bottle (from an
advertising campaign) set the tone.
Robbie the Robot, a fictional character
from the film Forbidden Planet
(released the same year), also made an
appearance, first as a cut-out holding
the unconscious heroine of the film,
then ‘in person’. Indeed, he was given
the honour of ‘opening’ the exhibition
on its first night. A juke box played
recent pop music hits, and visitors
could walk through a fun-house maze
whose walls were lined with spinning
discs creating optical illusions. This
is the future as fun. Revelling in the
pleasures of consumer culture – beer,
films, pop music – the installation
offered a joyful escape from the
austerity of post-war Britain. This
part of the exhibition was especially

popular with Whitechapel’s mostly
working-class local population who
came to revel in the light-hearted
atmosphere.
There was, however, a darker
side to Group 2’s installation. In the
maze, visitors encountered signs
warning them to ‘Think Think Think’
and to ‘Beware shutitis’. Allowing
oneself to be seduced by the illusions
of consumer culture, the artists
suggested, meant that one no longer
saw the real world clearly. Dulling
our senses, consumer culture might
also make us socially and politically
compliant. Such anxieties continue to
resonate today in debates about the
effects of the internet and social media.
Robbie the Robot was also an
ambivalent character. In Forbidden
Planet he can turn base matter into
anything a human being might desire.
But the ability to have whatever one
wants, the film suggests, can be
dangerous. In an amusing episode
17

one of the spaceship’s crew asks
for whisky and ends up with a bad
hangover. Robbie’s inclusion in the
exhibition thus hints again at the
dangers of consumerism. Enjoyment
might come at a cost.
Taken together, the different parts
of ‘This is Tomorrow’ give a sense of
the debates during the 1950s about
what the future might look like. Was
the world facing a nuclear apocalypse?
Was mankind entering a consumerist
golden age? Would we all experience
whatever came to pass whilst sitting
in stylish modern buildings adorned
by abstract art? Only time would tell.
Professor Alastair Wright is Tutorial
Fellow in History of Art at St John’s
College, Oxford

The History of Computing
Mechanical computers

Challenge
Create a virtual exhibition, ‘This is Tomorrow
2021’. What would you put in it? Would it be
optimistic or pessimistic?
Or:

In the last class, Dr Luca Di Mare described the origins of computing, going
right back to the analogue machines of the ancient and medieval worlds. This
time, Dr Di Mare continues the story, recounting the history of mechanical
computers from Isaac Newton through to the famous Difference Engine and
Analytical Engine developed by Charles Babbage in the nineteenth century.

How much did the artists, architects and designers of
‘This is Tomorrow’ get right about the future?
To submit your work, please click here!

T

wo important events that
determined the evolution
of computing equipment
took place several centuries from
each other. The first was the
introduction in Europe, through
the writings of Arab scholars, of
the decimal numbering system,
an Indian discovery. This is the
system we use nowadays and which
became universally adopted in the
western world from the 13th century
onwards. Computing machines
that produce results in the form

If you enjoyed this article…
You might want to explore our courses in:

History of Art | St John’s College, Oxford

Fine Art | St John’s College, Oxford

Studying History Of Art at St John’s College – YouTube

Studying Fine Art at St John’s College – YouTube
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of digits – not necessarily in base
10 – are called digital computers.
The other event was Newton’s
publication of the Principia and his
(contested) discovery of calculus.
Many of the predictions based on
Newton’s new theory gave rise not
to simple algebraic relations, but
rather to differential equations, which
express relations between functions
and their derivatives. In general,
differential equations can only be
solved in an approximate manner,
i.e. with even larger amounts of

computational effort. Unsurprisingly,
soon after the publication of Newton’s
Principia, computing aids started
appearing in increasing numbers,
even though they were not always
very practical. The first functional
mechanical digital calculator was
Blaise Pascal’s Pascaline, built in
1642 – admittedly to help with
the work of Pascal’s father as a tax
collector. The Pascaline, and its
derivatives, were the precursors to
the mechanical calculators of the
late 19th and early 20th century.

A Pascaline
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From Babbage’s
Difference Engine

From Babbage’s
Analytical Engine

Though useful, early mechanical
computers lacked the ability to reuse
previous results. They were unable
to perform repeated operations on a
variable like modern computers do.
This feature was first introduced by
Charles Babbage in his Difference
Engine. Babbage graduated from
Peterhouse in Cambridge with a
degree without examination – possibly
because he failed to show up for the
defence of his thesis. Eventually,
he became Lucasian professor of
Mathematics (the same chair held
by Newton and recently by the late
Stephen Hawking) but attracted his

colleagues’ antipathy with his lack of
interest in teaching: he never gave
a lecture in Cambridge. Babbage’s
Difference Engine was a mechanical
computer intended to produce tables
of logarithms for naval applications.
Its design was revolutionary because
it featured a printer and a device
to store previous results. Its first
design was too complicated for
the manufacturing techniques of
the time and was never completed
despite the expenditure of £17,000
(about £2,000,000 in today’s
money) granted by the government
of the time. Having abandoned the

Next time, Dr Di Mare will take the story up to the
twentieth century, and the remarkable stories
of the ‘human computers’ involved in some of
the most crucial developments in the history of
science and engineering.

Difference Engine, Babbage moved
on the Analytical Engine: the first
programmable computer in human
history. The Analytical Engine had
two separate input streams, one for
the data and one for the instructions, a
memory and a computing unit: all the
main features of modern computer
architecture. Babbage didn’t live to
see the Analytical Engine completed.
His son oversaw the construction of a
section, which was competed in 1906.
Dr Luca di Mare is Tutorial Fellow in
Engineering Science and Fellow for
Graduates at St John’s College, Oxford

Further Resources

A Babbage difference engine simulator
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Massimo Parisi /
Shutterstock.com
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Technology can help
save the world’s
endangered seabirds

Species today are at risk of going extinct at an
unprecedented rate. However, can technology
help us to save species from extinction? In
this article Dr Oliver Padget tells us about his
work with endangered seabirds, and some
of the ways in which new technologies allow
scientists and conservationists to do just this.
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eabirds comprise an
evolutionarily diverse collection
of species, coming from several
taxonomic orders (albatrosses,
shearwaters and petrels are of the
order Procellarriifomes, for example,
while puffins, skuas and gulls are
members of the Charadriiformes).
Seabird diversity exhibits the different
ways that evolution has found to solve
the problems presented by a pelagic
(open sea) lifestyle - from the 25-gram
storm-petrel to the seven-kilogram
wandering albatross; from frigatebirds
that never alight on water (they aren’t
fully waterproof!), to guillemots diving
more than 100 m. Sadly, the world’s
seabirds are in precipitous decline.
Like all birds, seabirds lay eggs and
so breed on land. During breeding,
they must therefore commute to areas
of the ocean where their food, mainly
fish and squid, is plentiful. This creates
several problems. First, anatomy suited
to life at sea is not always practical for
time spent on land. Most seabirds’
feet, for instance, are situated far back
on their bodies, where they make
excellent propellers or rudders during
diving, but are poorly positioned for
walking, making seabirds ungainly on
land and vulnerable to predators. One
solution adopted by some seabirds,
such as shearwaters, is to breed only
on remote islands where there are no
ground predators. Another, adopted
by auks like guillemots, is to breed on
tiny ledges on steep sea cliffs.
A second problem is that anatomy
suited to diving tends to be poorly
suited to flying. Short wings allow
some seabirds to ‘fly’ through
the water to great depths but are
inefficient in flight. Species such as

puffins and guillemots, the latter of
which can dive to depths of 100m, are
therefore constrained to foraging close
to their colony where commuting
comprises only short flights. They
avoid competition with other species
by diving deeper rather than traveling
further to forage on fish. At the other
end of the scale, shearwaters, petrels
and albatross have long wings which
allow for efficient, high speed flight
but make deep diving more difficult.
Rather than diving deep, these species
escape competition by exploiting prey
over very large areas, sometimes to
the extreme – the Deserta’s petrel, a

small (400-gram) seabird breeding on
remote islands off Madeira, routinely
makes 10,000 km journeys across the
Atlantic to search for food during 5-7
day-long trips.
At breeding colonies, seabirds
are threatened by the introduction
of ground predators and recent
conservation efforts have focussed
on eradication of rats and cats from
remote islands. Threats to seabirds
at sea, however, have until recently
remained more of a mystery. Recent
technological advances are helping
scientists understand the at-sea factors
driving declines. Miniaturised Global

Procallariiformes
The taxonomic order of birds including the
albatrosses, shearwaters and petrels

Pelagic
Far out at sea. E.g. pelagic seabirds are
seabirds that spend time far away from land

Kleptoparasitism
Stealing food from other animals

Charadriiformes
The taxonomic order of birds including auks
(puffins, guillemots and razorbills), gulls and
skuas

Mustelid
A family of carnivorous mammals including
weasels, stoats and minks

Glossary
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By-catch
Accidental capture of unintended species by
fishers

Positioning System (GPS) tags (the
most modern weighing <10-grams)
can be attached to seabirds and allow
scientists to see where they go. Other
miniaturised technologies, such as
pressure sensors how deep they need
to dive to catch the fish and squid that
they rely on. Even heartrate monitors
have been deployed to investigate how
much energy seabirds use as they fly.
GPS tracking has revealed the
areas of the oceans that many seabird
species rely on to forage. For example,
the Manx shearwater – a small
seabird that breeds in here in the UK
- congregate southwest of the Isle of
Man, at an upwelling zone known as
the Irish Sea Front. Identifying such
foraging ‘hot spots’ in our oceans
can help governments create Marine
Protected Areas to protect important
foraging grounds from over-fishing.
Threats from bycatch in fisheries
have been investigated too. There
is evidence that setting long-lines
at night would reduce bycatch of
Europe’s most endangered seabird,
the Balearic shearwater, since diveloggers have shown that natural
foraging occurs only during the day,
and so shearwaters are less likely to
be attracted to bait as it sinks during
darkness. A recent study equipped
wandering albatross in the Southern
Ocean with GPS devices and radar
sensors to detect illegal fishing. The
data confirmed that Albatrosses were
attracted to fishing vessels, but showed
that over 1/3 of boats failed to declare
officially their location to authorities
– an explanation perhaps for why
legally required by-catch mitigation
measures are having a limited impact
on albatross population declines.
Protecting foraging areas,
eliminating ground predators at
seabird colonies and reducing
bycatch are the paths to solving
seabird decline, but the picture is
complicated. If seabird populations
are to be saved, it will be these new
technologies that shows us how.
Dr Oliver Padget is Junior Research
Fellow in Biology at St John’s
College, Oxford

Challenge
Below is a figure from a scientific paper by Ventura
et al (2020), showing the extraordinary foraging trips of
Deserta’s petrels, which breed on islands off Madeira but
travel to forage in the mid-Atlantic. Arrows on the figure
show that the birds always travel in a clockwise direction.
Why do you think Deserta’s petrels travel so far to forage?
Why do you think they always travel clockwise? If you could
put a datalogging device on a Deserta’s petrel what questions
would you get it to record, what questions would like to
answer and how do you think you’d go about doing that?
To submit your work, please click here!

If you enjoyed this article… You might want to explore our courses in:

Biological Sciences | St John’s College, Oxford
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Studying Biological Sciences at St John’s College, Oxford
– YouTube
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Podcasts
Looking for a new podcast to get stuck into?
The University of Oxford provides a huge variety of podcasts on every topic imaginable, from cutting-edge scientific
research to exciting events happening now at the university. You can find these on the University website or on
Apple Podcasts. Here are a few of our favourites looking at the themes of this month’s class!
New Year, New Me
The Canary in the Coal Mine: could seabirds be
the warning signs for our oceans?
Becoming a field conservationist with
Rachel Ashegbofe Ikemeh

Could you write an
article for the FT?

Core Course: Modernism and Mass Culture

The Financial Times is running a competition to
find their ‘young financial journalist of the year’, and
the themes of this year’s competition are all about new
technology and the future – touching on some of the
topics that we’re exploring in the Inspire Programme!
Why don’t you have a go at writing an article?

BBC Sounds is also a great source of podcasts – here are
some you might like to check out.
Konnie Huq on Ada Lovelace
Cultural Imperialism

There are separate categories for 14-15 year
olds, and 16-17 year olds, with a choice of
two essay titles for each category.

Upcoming on
the course
Also remember to
submit your responses to this
month’s challenges, or examples
of any work you’d like to share in
response to this month’s articles, to
be in with a chance of winning an
Amazon gift voucher! Entries received
by 2nd March will be entered into
the prize draw for this month.

Class 3 will be released on Wednesday
2nd March 2022, and will be sent to you
via email, as well as being available on
Inspire Digital. In this class, we will build
on some of the topics we’ve looked at in
the first two classes, such as Artificial
Intelligence and the ancient world, as
well as exploring new topics such as
nanotechnology and quantum computing.
Articles next month will include:
• Medicine: Artificial Intelligence &
Diagnosing Disease
• Biology: Nanotechnology
• Geography: Technology & Mapping
• Philosophy: AI & Personhood
• Computer Science: Quantum Computing
• Classics: Ancient Acoustics

For more information about how to
enter, visit the FT website here!

Dates for the 2022 Summer
School have been confirmed!

Explore St John’s
Want to know more about St John’s College? Join the college
mascot Agnes the Lamb on a virtual tour of St John’s, to
learn more about us, and discover the following:
• Why the college library has a cannon ball from 1644 in its
collection
• Which part of the college is haunted by the ghost of a
barmaid
• Which king allegedly fell asleep and tumbled into the
fireplace in the College hall
• And much more!
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Monday 1st - Friday 5th August 2022
Year 11 participants will be able to apply for a
limited number of places on a three-day (two-night)
residential Summer School at St John's College,
on either 1st-3rd August, or 3rd-5th August. All
participants in Years 9 & 10, and all Year 11s who
are not attending in-person, will be eligible to take
part in our Virtual Summer School.
More details, and information on how to apply, will
follow a little later in the course!
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Visions of the Future

Class 2
Wednesday 2nd February 2022

