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Think Critically!

Share With Us
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.
Click here to share your
work, and for full details!
All entries received by Wednesday
27th April 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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Coming Up on the Course

Visions of the Future

How to approach this Class
It is completely up to you how you
approach the contents of this class –
you may want to look at each article
in sequence, or browse through
those which interest you most. You
can work your way through the
material in your own time, and fit it
around your schoolwork and other
commitments. Each article also
comes with links to further reading,
videos, podcasts, and more, so you
can explore in greater depth the
topics that interest you most.

Think Critically!
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Podcasts

Dr Matthew Nicholls explains
how his work developing
digital 3D models is helping
us understand the past in new
and unexpected ways.

28

What Next?

2

Over the course of the last three months of this programme, you’ve read a lot about “Visions of the Future” by our
contributors here at St John’s, and have been provided with several activities and challenges. We’ve looked at the
theme from a range of different subjects, from Classics to Computer Science, and from English to Engineering.
However, now we want to know what you think! As you explore the articles and resources in this final class,
and as you look back through the previous three classes, think critically about what you’re reading, watching, and
listening to. What do you agree with? What do you disagree with – and why? What is your Vision of the Future?
3

Can AI help
us tackle
climate change?
The world is a complex place. The natural environment consists of many
different components that can interact with each other, sometimes predictably
but at other times with unpredictable outcomes. Our climate and weather
are examples of such complex systems. Dr Ken Amor explains how new
developments in Artificial Intelligence can help us understand these systems,
and to find new ways of tackling climate change.
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Low pressure system off Ireland and the United Kingdom, NASA Goddard

T

he accuracy of the weather
forecast is often limited to
one or two days in the future,
beyond which details become
sketchy. Our climate does have some
predictable patterns and we know that
summers are warmer than winters
for example, but trying to predict an
accurate forecast for the weather in six
months’ time is impossible at present.
British winters can be mild, wet and
windy, or cold and frosty, depending
upon whether low or high pressure
dominates the season.
This vagueness is because there
are many different components and
mechanisms that ‘react’ with each
other in different ways depending
upon the state of other variables. We
do not fully understand how these
systems work and this can lead to
uncertainty in our predictions. For
example, our weather in Britain
is controlled by the jet stream, a
current of air that circles the globe
in the upper atmosphere; the Gulf
Stream, a swift ocean current in the
Atlantic that brings warm water to
Western Europe; the distribution of
atmospheric high- and low-pressure
systems; wind direction; sea and air
temperature; humidity; cloud cover;
and many other factors. Furthermore,
the condition of each of these
components is determined by what
happens in other parts of the world
and their position and intensity are
constantly changing with time.
Trying to predict the outcomes

of all these interactions requires
super-computers. This is an area
where AI can and does help because
it can process vast amounts of data
from satellite and ground-based
observations. It is also good at
recognizing patterns because its
way of ‘thinking’ attempts to mimic
human thought and we are very good
at distinguishing patterns in the
information we receive. Although we
can’t make accurate weather forecasts
six months in the future at the
present time, climate modelling using
AI is being used to make long-range
forecasts such as whether next winter
will be mild and wet or cold and dry.
These same climate models
can help predict the outcome and
consequence of increasing air and
sea temperatures resulting from
rising levels of carbon dioxide in
the atmosphere. However, if we
can’t accurately predict the weather
even a few weeks in advance, how
can we be certain about predictions
for human-induced climate change
decades into the future? Different
computer models produce different
climate scenarios, but they all agree
that temperature will continue to
rise. AI can be used to fine-tune our
projections of global climate change,
by analysing and comparing the
very large datasets of historical and
modern data. This will give us a better
understanding of the ways different
parts of the world respond to climate
change, for example the probability
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of extreme weather events (floods,
drought, severe storms, and so on),
changes in rainfall amounts, and
the different rates at which regions
are warming (the polar regions are
predicted to see the fastest warming).
Another way that AI is being used
to tackle climate change is predicting
extreme weather-related hazards such
as flooding and landslides. A project
is underway whereby an intelligent
machine is learning to recognize
landslides from Google Earth images.
The next step is to associate these
events with rainfall amounts and
other local events such as changes in
land use, deforestation, and so on.

The goal is to be able to predict what
happens next, identifying the trigger
and to prevent these geohazards from
endangering human life and property.
AI can also be used for improved local
weather forecasting and this will give
better predictions of power output
from renewable sources such as wind
and solar.
It isn’t just on the global and
national scale where AI systems are
being used to tackle climate change.
AI can improve energy efficiency in
buildings and homes by controlling
automated systems to adjust heating
and lighting depending upon the
number of people in a room, the
time of day, how much light is being
received through the windows and
switching on your washing machine
to run during off-peak electricity times
while taking advantage of a cheaper
energy tariff. Human behaviour is
an example of a complex system –
each of us is an individual with our
own habits, which is why intelligent
control systems could support the
energy usage in our own homes.

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

Geography

Computer Science & Joint Schools

Studying Geography at St John's College

Studying Computer Science at St John's
College

How did medieval
people respond to a
global pandemic?
Many people seem to assume that medieval people did not have much
concept either of change or of the future. How can this possibly be the case,
when they had to grapple with change of the most profound kind?
In the fourteenth century, the world was turned upside down.
Professor Hannah Skoda tells us more…

Studying Geography at St John's College

Careers interview: Ali Barker, Custody
Director

Dr Ken Amor is the Access &
Outreach STEM Associate at St John’s
College, Oxford

Writing the Climate Crisis

The Orwell Youth Prize is an annual writing prize for students in Years 8–13, encouraging young
people to use the writing of George Orwell as a starting point to inspire them to write about their
own ideas and experiences. The theme of this year’s prize is “Coming up for Air: Writing the
Climate Crisis”.

The Prize invites you to think and write critically and creatively about how the climate crisis affects the people, places,
and things around you. How will our impact on the environment affect the places you know? How can we confront
this crisis in a way which is fair to everyone? What is missing from the conversation?
And if you had the power, what changes would you make?
More details about the 2022 competition, and how to enter, can be found on the Orwell Youth Prize website!
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Danse Macabre fresco in the Holy Trinity Church, Hrastovlje, Slovenia

I

n 1348, bubonic plague swept
across the world. In many ways,
this was a result of global networks
of trade and diplomacy. It arrived first
in Europe via trading ships at the
port of Genoa, and reached England
via Weymouth in Dorset: the first
known English casualty was a seaman
who had been fighting in Gascony in
France. In Europe, mortality from the
plague was probably as high as 50 per
cent. Subsequent waves of the disease
made recovery very hard. Pertinently
for us, the plague coincided with a
period of extreme climate change: the
first part of the fourteenth century
is often referred to as the ‘mini
Ice Age’. The 1310s had brought
extreme famine, and extreme weather
conditions brought catastrophic
harvest failures in the second half of
the century also.
Demographic catastrophe brought
a wealth of other changes. Although
plague could kill anyone, it struck
the poor disproportionately – after
all, they had nowhere to flee to. The
result was a shortage of labourers,
and consequently landlords found
themselves in a much weaker
position: surviving labourers were able
to demand better conditions, wages
and freedoms. The period marked the
decline of serfdom.

Caroline Barron has argued
that demographic catastrophe also
brought fresh opportunities for
women, as skilled male workers were
in short supply. For example, one
Agnes Ramsey, daughter of mason
William Ramsey, continued her
father’s work after his death in 1349.
Economic shifts were not necessarily
accompanied by a shift in attitudes,
and the ‘golden age for women’ was
short-lived.
The prevalence of death brought
medical advances too. We may
sneer at medieval people’s lack
of understanding of what was
happening, but this was a period
of careful medical reflection,
increasingly empirical investigation,
the growth of anatomy, and a growing
awareness of the importance of
hygiene. Town councils devoted
much more attention to cleanliness
and trying to reduce contagion. In a
cultural sense, many historians have
also argued that plague provoked
shifts in attitudes towards death: we
can still today be moved by images
showing death as the great equalizer.
To these dramatic changes we
might add a host of other ways in
which life was being turned, in the
words of one preacher, ‘upsidedown’. Contemporaries experienced
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almost continuous warfare, rapid
and overwhelming political change
and development, the growth of
business and new economic practices,
particularly in the form of credit
networks. Towns continued to grow –
even the landscape looked different.
How did people respond to this
extreme sense of change?
Society was remarkably resilient.
Life continued, people did not give
up, customs continued, relatively
few settlements were abandoned
and when they were, it was to take
advantage of new opportunities. The
remains of a medieval settlement
at Hound Tor on Dartmoor are
particularly interesting. Abandoned
after the Black Death, the residents
left because more fertile and desirable
land had become available and they
were seizing the opportunity.
But not everyone was keen
to seize new opportunities. The
changes created winners and losers.
Notably, those who had benefitted
from servile labour in the past were
keen to preserve their rights over
others. In England, the Ordinance
and Statute of Labourers, in 1349
and 1351 respectively, were passed by
Parliament in an attempt to prevent
labourers from demanding higher
wages, or from moving around in

search of better conditions, and to
fix prices. In 1363, there was even a
legislative attempt to govern what
people of different social statuses
could wear and consume, because
there was so much anxiety about
social mobility.
Those demanding such legislation
were afraid that their positions were
threatened by the new opportunities
opened up and seized by those who
had been so exploited. In a sense,
they were nostalgic for a social order
which they feared was crumbling.
My own research explores this wave
of nostalgia in response to dramatic
structural change. In a whole range of
contexts, fourteenth-century people
reacted to change by longing for a
past golden age. Preachers described
the apparent stability and stronger
morality of the past. Not all nostalgia
was reactionary and conservative.
In 1381, a huge revolt broke out,
known as the Peasants’ Revolt: the
revolt was driven by many things,
but provided an opportunity to shout
about the injustice of exploitation and
corruption, and was underpinned by

a sense of nostalgia for an imagined
past in which life was more equal. So
nostalgia, as a response to change,
could serve both reactionary and
radical agendas.
Professor Hannah Skoda is Tutorial
Fellow in History at St John’s College,
Oxford

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

History and Joint Schools

Studying History and French

Challenge
Thinking about what you have read here,
and using some of the Further Resources
for this article, think about an answer to the
question: What opportunities were opened
up by the multiple traumas of the fourteenth
century? You might want to write your answer
as a mini-essay of 500 words.

To submit your work, please click
here!

Further Resources
BOOK
After the Black Death: Economy, Society, and the Law in
Fourteenth-century England by Mark Bailey (OUP, 2021)

BOOK
The Great Transition: The Great Transition: Climate, Disease and
Society in the Late-Medieval World by Bruce Campbell (CUP, 2016)

Caroline Barron on the ‘golden age for women’

Mark Bailey and Dan Snow on the Black Death

Sam Cohn on the Black Death

In Our Time on the Black Death

Jane Whittle on the social effects of the Black Death

The People of 1381
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Does ‘Proof by
Computer’ Count?
What is a proof? In the sciences, we formulate a theory and test whether it
holds by gathering evidence via experiments. We regard our results as proof.
In mathematics, however, the concept of ‘proof’ works a little differently,
and increasingly computers are being used in this process. But how does
this work, and does it really count as proof? Cas Burton explores…

I

n mathematics, a proof is a
sequence of statements. We start
with some simple axioms (such as
‘0 does not equal 1’) and can only add
a particular statement to our sequence
if it can logically be deduced from the
previous statements.
In this way, we know that our
theory is true provided our starting
axioms are true. We can prove things
that seem impossible such as the
(Banach-Tarski Paradox) and can
find it difficult to prove things that
seem obvious (Intermediate Value
Theorem). If our intuition can fail us,
then we must rely on proofs to show
us what is true.

Intermediate Value Theorem
If you have a continuous function
f(x) that is negative at x=0 and
positive at x=1, then f(x)=0 at
some point between 0 and 1.
Banach-Tarski Paradox (below)
A solid ball can be chopped up
into as few as five pieces and
reconstructed into two identical
copies of the original ball. The
pieces are only moved and rotated.

10

Suppose you have a map and are
trying to colour it in such that any
two regions which share a border
are different colours. What is the
minimum number of colours you
need to use?
The Four Colour Theorem
(FCT) states that you only need four
colours. This does require some
conditions on your map. We assume
that:
● Corners where three or more
regions meet do not count as
borders;
● Every region is precisely one area
– we couldn’t use a map of North
America because the mainland US is
separated from Alaska by Canada;
● There are no lakes or oceans.

(If we wanted to use a map of
North America, or one that included
oceans, we wouldn’t be able to
guarantee that the US & Alaska,
or bodies of water, were the same
colour.)
This theorem was proposed in
the 1800s. Over the years, there were
many proofs – and disproofs – that
ultimately failed. For something that
seems to make sense, it was a long
time before it was proved in 1976 by
Appel and Haken.
Appel and Haken proved that if
you needed five colours to colour a
map, then a smaller map that needed
five colours also existed. So if any map
needed five colours, then so would
the smallest map possible – but this
clearly does not need five, as it’s just
one region.
Proving this fact required
checking a staggering number of
cases – initially over 1,800. Checking
each case by hand was inconceivable.

In the end, the FCT was proved with
help from a computer. It took over a
thousand hours for the computer to
check every case.
The question is, is this enough to
constitute a proof? This was the first
major theorem to be proved using
a substantial amount of computer
assistance. In using a computer to
check each case, they had to trust
every single program that it used.
They had to trust the code, the
software – everything. A mistake
could easily be lost in so much data.
Even now, the shortest proofs still
require checking over 600 cases.
The Four Colour Theorem is
widely considered proved now. Some
still doubt it. Do you?
Cas Burton is a former Mathematics
student at St John’s College, Oxford

11
Philip Bird LRPS CPAGB / Shutterstock.com

F
O
O

R
P

From the Teacher: Proof by Induction

Following on from Cas Burton’s article on mathematical proofs, in this
section Maths teacher Nathusha Srithas introduces us to a set of challenges
on ‘Proof by Induction’.

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

Modelling the Past
Mathematics and Joint Schools

For a statement to be true, a proof must be provided.

1 J ohn is Mary’s son, therefore, Mary is John’s mother.
Prove this statement true. What assumptions are being made?
2 Prove that the sum of two consecutive numbers is odd.

Studying Maths at St John's College

Proof by Induction

Proof by induction is like a domino effect. A proof by induction is proving the
left-hand side is equal to the right-hand side where each step must be justified
with:
1 The statement is true for the base case n=1
2 If this 1 is true, then an assumption can be made that the statement is true
for n = k
3 Using the assumption from 2, prove that the statement is true for n=k+1
4 Conclusion
For example: “Prove by induction 5n – 1 is always divisible by 4.”
1 Check for base case n = 1
51 – 1 = 4 (this is divisible by 4)
True for n=1
2 As it is true for n = 1, assume the statement is true for n=k
So: 5k – 1 is divisible by 4
Hence we can write 5k – 1 = 4m
Leading to 5k = 4m + 1
3 Therefore, when n = k + 1
5k+1 – 1 = 5(5k) – 1
Where 5k = 4m + 1
Substitute 5(4m+1) – 1
=20m + 5 – 1
=20m + 4
=4(5m + 1)

Advancements in technology are revolutionizing not only the way that we
study science and technology, but also the arts and humanities. History is
no exception to this, and in this article, Dr Matthew Nicholls explains how
his work developing digital 3D models is helping us understand the past in
new and unexpected ways.

Further Resources

Narrative and proof two sides same equation

Challenge
Prove by induction that the sum of the first n positive
numbers is equal to half of product of n and n+1.

Hint: Form an equation to make this statement
true. Example the sum of the first 10 numbers can be
demonstrated as 1+2+3+…+10.
Extensions
Prove by induction the sum of n cube numbers is
equal to a quarter of the product of square of n and
square of (n+1).

4 	Final conclusions: As 5m + 1 is an integer, we have
5k+1 – 1 is divisible by 4, so the statement is true for
n = k + 1. Since it is true for n = k + 1, through induction
the statement “5n – 1 is always divisible by 4” is true
for n = N .
* N = natural numbers (positive integers)

Questions to be asked: Can proof by
introduction be used in the real world?
Provide an example.

To submit your work, please click here!

Nathusha Srithas is a teacher of Mathematics at
Villiers High School in Ealing
12
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T

he study of the ancient past
often uses the latest techniques.
The way that online platforms
can link different resources together
and make them available to a global
audience (and to a global network of
collaborators) has produced databases
of ancient texts and artefacts,
inscriptions, coins, and artworks,
together with online translations,
dictionaries, and grammar tools help
us to interpret them and follow links
between them. Ambitious ‘digital
humanities’ projects like Pelagios
enable us to make new connections
between these texts and artefacts,
and places in the ancient world. At
their best these new tools help us
see things in a new way, posing new
questions about the ancient world,
building new connections between
sources of evidence, and (we hope)
helping us to address the ancient past

in new ways.
My own work uses digital
modelling to create 3D
reconstructions of Roman buildings.
This too brings a new digital
technique to an old discipline. People
have been proposing reconstructions
based on the ruins of ancient
Rome for centuries, long before the
present-day academic disciplines of
archaeology and Classics existed.
Renaissance artists and architects
sketched Roman remains as a source
of inspiration for their own works; the
antiquarians, collectors, painters and
model makers of the Enlightenment
created their own visions of the
temples, baths, theatres, and forum
spaces of Rome to feed a growing
interest in the ancient past of the city.
Digital reconstruction is a new tool
to put alongside painting, drawing,
and model making. Like these older

techniques it can address different
audiences, and different questions.
You can explore a few of my digital
models of Roman buildings online
here (together with some museum
artefacts).
As you do so, you could
think about the advantages (and
disadvantages) of this technique.
Often ancient buildings survive only
as ruins, with their upper storeys,
roofs, and architectural decoration
long gone. Making 3D models of
ancient buildings inside a computer
allows us to restore missing elements
and also to change the viewpoint from
which we look at the structure. We
can alter other factors too – the level
of zoom, the lighting, the nature of
the colour in the model; if we wish,
we can turn elements on and off, add
captions, create flythroughs, and so
on. Experiment with moving around

Model images from Prof Matthew Nicholls’ Digital Model of Rome, as seen in his FutureLearn course. © Matthew Nicholls/University of Reading

these models – use the left and right
mouse buttons and scroll to move in
and out. How does this differ from
looking at reconstructions presented
as plans or paintings?

This sort of dynamic,
explorable reconstruction
can give a more intuitive
impression of an ancient
structure than some
other techniques, such as
the 2D black and white
grounds plans often used
to illustrate ancient sites.
In my experience a 3D
reconstruction which one
can fly around or walk
through can be more
accessible to students, and
also members of the public
at archaeological sites and
museums.
I used my model of ancient Rome
as the basis for a free online course,
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which around 60,000 people have
taken so far; learners tend to agree
that the digital models allow them to
make sense of ruins that they might
have seen in books, or on trips to
Rome.
What else could we add to such
digital models? Advances in computer
software and hardware, driven by
the computer games industry with
its appetite for creating immersive
worlds for players to explore, make
it relatively easy to add visual effects.
Could we animate the effect of
daylight or torchlight, and experiment
with the sound of water falling into
a basin, or the murmur of crowds
in a theatre or forum? What about
adding people, animals, vegetation;
traffic in the roads, or the dirt and
graffiti of urban life? What would the
advantages and disadvantages?
You will see that my own models
are relatively empty of this sort of
‘entourage’; there is no doubt that it
can add life and a sense of ‘realism’,
but we should also remember that any
reconstruction of a ruin necessarily
involves filling in some blanks. We
can use the best evidence that we
have; you might like to think about
15

what sources we could turn to (the
first paragraph of this short article
contains some hints!). But in an
academic reconstruction (as opposed
to, say, a dramatic backdrop for a
film or TV programme), there are
limits are how far we can and should
go to create an immersive, visually
convincing and complete looking
reconstruction. Where should the
boundary lie between presenting
information that we know about
from evidence, and speculative
reconstruction?
Dr Matthew Nicholls is Senior Tutor
at St John’s College, Oxford

Challenge
1

Take a look at these reconstructions of ancient Roman buildings
Forum of Trajan, Rome
Baths of Caracalla, Rome
Library at Timgad – ruins and reconstruction
Library of Celsus at Ephesus
See whether you can find other examples online, or think about reconstructions
you may have seen in books or TV documentaries or at museums.
Then think about these questions:
What sources of evidence do you think I used to create these models? What kind
of impression of the buildings do they give? What advantages and disadvantages
do you think 3 models have compared to other sorts of reconstruction (drawing,
painting, physical model)? What would you add, or take away? Where would
you set the balance of priorities between giving a museum visitor or student a
visually appealing, engaging experience, and only showing them things which
we know to be grounded in fact? What sort of sources of evidence would you use,
and how might you use the potential of digital models to educate and inform?

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

Classical Archaeology & Ancient History

History and Joint Schools

B.J. Jennings and B. Snyder at work programming
ENIAC in 1946. Credit – U.S. Army photo

Philosophy and Joint Schools

Challenge
2

The modelling software I used to build my model of ancient Rome is available
free online. It’s called SketchUp and you can access a free version here, which
allows you to model directly in your web browser (you’ll need a laptop or computer
with a separate keyboard and mouse to get the most out of it). You can see a short
guide to the software here.
● Open up the software (you will need a login; you can use a Google account if
you have one).
● See if you can work out how to draw some simple shapes using the tools from
the toolbar on the left-hand side (labelled ‘4’ on the annotated screenshot).
● Over on the right-hand side are various other tools and settings.
● Open the 3D warehouse (labelled ‘6’ on the annotated screenshot) and see what
ready-made models you can find. Search for some Roman buildings under the
‘Models’ tab: you could try looking for the Colosseum, a Roman temple, and
a Roman bathhouse by typing those terms into the search bar. Clicking the
thumbnail of any of the models you find should allow you to open and explore
it within the modelling software. Which ones seem well made and useful to
you? Why?
● If you are feeling particularly adventurous you could try making your own
digital model – a reconstruction of an ancient building, like I do, or perhaps
your own house or part of your school. Experiment with the drawing tools on
the left (‘4’ on the annotated screenshot). Drawing simple shapes with the
rectangle, draw, and push pull tools will get you quite a long way. You can add
colours and textures with the paint bucket tool.
Hint: you can import an image from Google maps or Openstreetmap.com as
a starting point, and use Streetview to get views of your chosen building from
different angles.
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The Story of Computers:
Modern Computing

Studying Classics at St John's College, Oxford

Over the course of this programme, Dr Luca Di Mare has taken us through
the history of computing from the very earliest ‘computers’ of the ancient and
medieval world, through to the ‘human computers’ of the twentieth century. This
final article brings the story up to the present day, exploring how computers have
developed over the last 70 years to become the vastly powerful supercomputers
which power our modern world.

Archaeology & Anthropology

Studying Archaeology and Anthropology at
St John's

J

ohn Vincent Atanasoff and
Clifford E. Berry of Iowa State
University built the first electronic
computer in 1942 in the US. The
Atansoff-Berry Computer (ABC) used
electronic devices to represent the
state of the computation. Electronic
devices can change state much
more quickly than mechanical
devices and this made electronic
computers potentially much faster
than their mechanical counterparts.
The first programmable electronic

computer was the Colossus, built in
the UK in 1943, and used to decrypt
German military communications
during World War II. Colossus was
followed quickly by the ENIAC, also
programmable but much faster and
flexible than Colossus. ENIAC was
deployed in support of the war effort
and its first calculation was a test
problem for the hydrogen bomb.
ENIAC was also instrumental in
establishing the use of statistical
methods in mathematical physics.
17

The people responsible for setting
up problems on the ENIAC were
human computers, so the world's first
professional computer programmers
were women: Kay McNulty, Betty
Snyder, Marlyn Wescoff, Ruth
Lichterman, Betty Jean Jennings, and
Fran Bilas.
Electronic computers became,
smaller, faster and cheaper as vacuum
valves were replaced by solid devices
printed on silicon chips. It was not
until 1971 that Intel introduced the

first single chip processor, the 8008.
Many of the old CPU architectures,
such as the 8008 no longer appear in
computing equipment as CPUs, but
continue being produces as embedded
devices and controllers: there are about
2 billion 8080 (a derivative of the
8008) chips around the world right
now
Modern chips look very different
from the old 8008s and contain
an incredible number of devices
performing different tasks. A modern
AMD Epyc processor contains 39
billion devices on a single chip. The
old Intel 8008 had only 3500. Many
modern processors are actually
composed of large numbers of
individual CPUs that share access to
memory and input/output devices,
thereby multiplying the amount of
work the processor can perform in a
given time.
As computers evolved and became
more and more powerful, smarter
and smarter techniques were devised
to apply their capability to practical
problems. In the UK, like elsewhere,
part of the impetus to develop
techniques to apply the power of new

computers to engineering problems
came from research on nuclear energy.
For many years, the Harwell national
laboratory, near Oxford, was and still
is at the cutting edge of developing
efficient numerical techniques to
tackle large scale problems. One of the
most successful libraries for sparse
linear algebra applications bears the
name of the Harwell laboratory.
Nowadays computers have
sufficient power to model essentially
any aspect of the life of even the most
complex engineering products such as
aircraft and their engines, cars, power
plants, railways, industrial plants and
spacecraft. Engineers and academics
still vie to develop more and more
efficient methods to learn more and
more about their designs before a
single component is built.
Computers in the
contemporary world
Modern computers are the scientific
equivalent of the telescope in
the 19th century and the particle
accelerator in the 20th century:
they are one of the most powerful
instruments of discovery available

to the scientific community. Most of
the fastest computers on Earth are in
governmental laboratories, where they
are used for research on problems
such as nuclear physics, computational
chemistry, material science, climate
modelling, disaster mitigation.
They are quite good with practical
problems too: the fifth most powerful
computer on the planet belongs to
the Italian company ENI spa and it is
called HPC5. HPC5 is used to process
seismic and geophysical data to model
the structure of rocks deep below the
surface of the Earth. HPC5 found the
largest gas field ever discovered in the
Mediterranean Sea.
Supercomputers have played an
essential role in the recent COVID
pandemic: molecular interactions
leading to the development of
vaccines were first understood
through simulations. Similarly based
on simulations were the analysis of
the community spread of the virus
that guided the responses of many
governments around the world and
the spread of the virus with droplets
emitted by infected individuals when
coughing.
The RIKEN Center for
Computational Science in Japan
summarised the results of its COVID
research with the phrase: "COVID-19:
Wear Mask & Ventilate said Fugaku”.
Fugaku is the name of their
supercomputer, and is composed of
7.6M cores, holding a memory of 5M
Gb. It can perform 537000 million
million floating point operations in
a second and it consumes 30MW
of electricity. Fugaku is the fastest
computer on Earth… for the time
being.
Dr Luca di Mare is Tutorial Fellow
in Engineering Science at St John’s
College, Oxford

Can we use Virtual Reality
to understand human
behaviour?

Although many of our daily activities seem trivial and effortless, these tasks
remain computationally challenging for artificial systems – such as computers
– to mimic. But, as Dr Dejan Draschkow explains in this article, Virtual Reality
may help us to better understand the everyday, and yet surprisingly complex,
tasks which come naturally to us.

Modern Xeon Phi processor made by Intel
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hink about a simple, everyday
task, like making a sandwich.
We can easily find the
ingredients needed for this in our
kitchen and combine them into a
delicious end-product. Even from
a very young age, we can extract
relevant information from a Lego
manual, before finding the required
pieces and assembling them in the
right order. We mindlessly grab a tea
bag every morning and place it into
the cup just before the kettle boils. We
have the impression that we could do
it blindfolded, whereas it is extremely
complicated to construct a robot
which can complete just a small subtask of such complex behaviour.
Clever demonstrations and
experiments can help us appreciate
the uphill battle our cognition
is facing. For example, while we
rarely notice it in our daily lives, the
system responsible for distributing
our attention in the world is rather
limited. We can easily miss things
around us and have difficulties
finding what we are looking for if the
surroundings are distracting. Have a
look at these two examples before you
continue reading:
● W
 hen Natural Behavior Engages
Working Memory
● The Monkey Business Illusion

So how can it be that we are so
efficient in most of our daily tasks
when our mind is facing such severe
processing limitations? In truth, we
do not yet understand how humans
perform complex tasks because we
have not had the tools to investigate
this properly. Our behaviour is
complex and can be broken down
into individual cognitive components
which interact in a sophisticated
fashion. For example, when we
make a cup of tea, we use short-term
memory to determine the locations of
the tea and kettle. These short-term
memories are supported by long-term
experiences with our kitchen and the
objects included in it – this helps us
to determine where the tea is most
likely to be in most kitchens. Even
the simple act of recognising a cup
as a cup and a spoon as a spoon is a
complex task that machines have only
recently made progress on. The act
of preparing the tea involves many
decisions about what to look at, what
to pick up, and what to move. We
need to keep track of where we are
leaving items at each step, so that we
can easily go back to our cup after
having searched for the sugar. It is
a beautiful orchestra of cognitive
functions playing together to achieve
their goal.
The big issue is that if we
make experiments in which you
do something naturalistic, like
prepare a cup of tea, there will be
many confounding variables. How
long did you look at each object?
How many times did you pick up
the spoon? Where exactly did you
move the kettle after using it? How
do you know if somebody is using
their memory of where the sugar is
20

or is simply searching for it from
scratch? Each of these examples (and
many more) can exert a critical and
unexpected influence on the research
question. Therefore, researchers have
traditionally tried to test volunteers
in a more controlled environment by
keeping participants carefully seated
in front of a computer screen. For
example, instead of testing volunteers
on how to make a cup of tea, they may
focus just on how much information
we can keep in our short-term
memory. It is then assumed that the
limits of short-term memory also
apply when making a cup of tea.
So how can we move towards
tracking several cognitive functions
within natural behaviour without
losing experimental control? One of
the very promising solutions for this
is Virtual Reality (VR). Using VR, we
have full control over participants’
entire field of view, full information
about the experimental environment,
access to participants’ eye, hand, and
body movements, and their position
in space. VR aims to simulate a
convincing version of reality, but it is
one in which we have full control.
VR is not a recent development.
However, high prices and poor
quality of immersion have been
major roadblocks towards its mass
adoption in cognitive research.
However, VR technology is currently
transforming in similar fashion to
the rapid technological development
of computer screens and mobile
phones in the early 2000s. Major
technological companies and many
new start-ups keep refining affordable
research-grade VR systems.
In fact, we are already making
our first steps in leveraging VR for

exploring previously inaccessible avenues
in understanding cognition during natural
behaviour.
VR will enable researchers to gather data
containing a vast amount of information from
immersive and realistic scenarios. This will be
the first step in transitioning cognitive research
to highly controlled real-world situations,
stimuli, and tasks and may finally allow us
to assess what is going on in the brain when
completing ‘complex tasks’ – like making tea.
Dr Dejan Draschkow is Stipendiary Lecturer in
Psychology at St John’s College, Oxford

Further Resources

When Natural Behavior Engages Working Memory

The limits of color awareness during active, real-world vision

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

Psychology and Joint Schools

Studying Psychology at St John's College, Oxford
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The Ethics of AI in Medicine
The prospect of flawless diagnosis at a fraction of the cost, that Artificial
Intelligence (AI) gives, would make many politicians salivate as they imagine
their approval ratings soaring. However, those working in the healthcare sector
might not share the same level of excitement. AI has consistently been touted
as a great means for redundancy that will eventually leave everyone – from high
skilled to low – without a job. As Maksim Richards explains, however, this is
unlikely to happen soon, if ever.
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T

he sorts of AIs used in today’s
modern world are “narrow”
AIs – programs that specialise
at one job. Take a haematologist
for example; they study the blood
of thousands of patients and try to
pick out abnormalities that might
indicate disease. AI is growing in its
use in haematology, but it can still do
relatively little. AIs are able to identify
an abnormal blood sample but not
identify the exact disease; while
haematologists can look at patients’
blood and not only identify the illness
but also know its effects and can
explore what the next step in treating
the patient might be. This is a great
example of AI assisted diagnosis: the
more rapid AI can flag patients that
need further analytical investigation
by a trained professional human.
This is likely the form we will see
becoming more prevalent given the
immense promise of the reduction
of human error and so ultimately
unnecessary deaths. Many are quietly
comfortable with the knowledge that
these AIs do not pose a danger to the
jobs of these highly skilled healthcare
workers but will rather enhance their
performance.
While AI may not pose a risk
to doctors’ jobs just yet, there are
considerable risks associated with
their implementation as they stand.
The fallibility of doctors is rarely
an issue that is discussed, likely
because doctors’ mistakes cost lives.
Computers, on the other hand, are

so reliable that even nuclear missiles
are entrusted to these machines. Our
trust in computers is so unwavering
that we run the risk of over-relying on
the AI models we develop. In such
a critical field like medicine, this
could have dramatic ramifications.
The extensive testing these models
undergo before they’re even used
in real settings and the constant
supervision they are under when
placed in hospitals should set your
mind at ease. But as we implement
more of them, will we begin to
devalue a doctor’s opinion?
Why is overreliance a concern,
when we know that machines are
so reliable? An important reason is
that the AI may not be applicable
to situations in other countries. If
we imagine an AI, developed in the
United States, that specialises in the
diagnosis of pneumonia from chest
x-rays. This AI may have an accuracy
of 99%, when supervised by a
radiologist, which would an incredible
increase in the rate and validity of
diagnosis thus ensuring prompt
and proper treatment. However, if
this AI were to be implemented in a
less developed country, it could lead
to worrying consequences. The AI
model would only have seen x-rays
from the US, where the technology
is sufficiently advanced to gain clear
images free of artefacts that might
be mistaken for disease. When these
models are created in universities
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and hospitals, the data they have is
from a limited section of the society
they have access to. With 7.8 billion
people on the planet, it is crucial that
representative samples are taken
when developing AI models because
the human cost of implementing an
ineffective AI could be severe.
In the long run these AI assisted
diagnoses are much more cost
effective than traditional means, not
only because they speed the whole
process up, but they allow healthcare
workers to focus on difficult cases
and research without being bogged
down by the monotony of being
sent healthy patient samples for
analysis. The initial costs of an AI can
be staggering, thanks not only the
development of the model but also
the infrastructure required to run it,
along with the constant maintenance
and supervision required to avoid
deadly mistakes. Malaria is diagnosed
by haematologists and if promptly
treated, can provide a full recovery.
Malaria is often the burden of tropical
countries that typically do not have the
resources to develop and implement
an AI. This common pattern, wherein
the countries most in need of
healthcare technology cannot afford it,
extends to AI which will only worsen
global health inequality. The rich and
healthy get healthier and the poor and
sick get sicker...
The promise of AI has fallen



If you enjoyed this article…

short so far – we do not have robots
barking orders at unwitting doctors
while their patients live for centuries,
nor do we have streets littered with
unemployed healthcare workers whose
interview rivals were some variations
on the hal 9000 from the movie 2001:
A Space Odyssey. What we have seen
are astounding results, where AIs have
been implemented alongside humans.
With a continuation of this trend we
could bring healthcare to the forefront
of technological research, and achieve
exceptional patient outcomes. Stark
warnings have been made by healthcare
and technology professionals to ensure
a close eye is kept on their progress
to ensure we don’t inadvertently raise
mortality and that we don’t leave poorer
countries in the dust.

You might want to explore our courses in

Medicine

Over the last few months, you’ve had the opportunity to look at topics across more
than 25 different articles written by our academics and students, and had the chance
to explore further resources, videos, podcasts, and much more.

Now, it’s over to you!
Studying Medicine at St John's College, Oxford

Studying Medicine at St John's College, Oxford

Maksim Richards is a Medicine student
at St John’s College, Oxford

Metastatic Melanoma Cells. The ability of
cancer cells to move and spread depends
on actin-rich core structures such as
the podosomes (yellow) shown here in
melanoma cells. Cell nuclei (blue), actin
(red), and an actin regulator (green) are
also shown.

Careers interview: Dr Rohan Wijesurendra

Biomedical Sciences

We want to know what you think about the issues and questions raised in this course!
Look back over everything you’ve read, watched, and listened to – and think about any
challenges or pieces of work you’ve completed – and reflect critically. What do you agree
with? What do you disagree with – and why?

What is your Vision of the Future?

Oxplore
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 ...

• Could a country disappear?
• Is it ok to clone a human being?
• Are humans more important than plants?

Critical Thinking Resources
To help you as you think about your reactions and
responses to the questions raised by this course – and as
you formulate your own arguments – you may want to
take a look at some of these videos by tech philosopher,
writer, and former St John’s College student, Dr Tom
Chatfield, talking about his book Critical Thinking!

You can also check out this podcast
series from Oxford Podcasts on Critical
Reasoning for Beginners!

● Critical Reasoning for Beginners

● C
 ritical Thinking Explained
● 10 Commandments for Critical Thinking
● Critical Thinking for the 21st Century

24

25

Podcasts
Looking for a new podcast to get stuck into?

Upcoming on the course
This is the final class of this year’s programme, so this is your final chance to submit
your responses to challenges, or share examples of any work you’ve produced in response
to the programme! Entries received by 27th April 2022 will be entered into the final prize
draw for Amazon vouchers.
Also remember that if you are in Year 11, sharing your work with us gives you priority for
one of the limited number of places at our in-person, residential summer school, so this
is your final opportunity to boost your chances of getting a place!

Summer Schools

The University of Oxford
provides
a huge variety of podcasts on every topic imaginable, from
Oxplore
& Podcasts
cutting-edge scientific
research
to
exciting
events happening
now
at the
You can find
on
{NB: See Contents document
– these
can
be university.
placed anywhere
in these
the docuthe University website or on Apple Podcasts. Here are a few of our favourites looking at the themes of this
ment, according to space.}
month’s class!

Oxplore

Welcome
to Oxplore!
• Can we build AI
with Emotional
Intelligence?
• AI in healthcare
Oxplore is an innovative digital outreach portal from the University of Ox• Futuremakers ford. 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 class-

BBC Sounds is also a great source of podcasts –
room.like
Bigtoquestions
here are some you might
check out. tackle complex ideas across a wide range of subjects

and draw on the latest research undertaken at Oxford. Click these links to

The Inspire Summer Schools will be taking
place from 1st-5th August 2022. If you are
in Year 11, there are a limited number of
places on one of the residential summer
schools, from either 1st-3rd August, or 3rd5th 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 on Inspire Digital
during the same week. You will receive
full details of this by email in due course.
You can view the timetable from last year’s
Virtual Summer School HERE, to give you
a flavour of the types of activity you can
expect.

• The Black Death
start exploring some Big Questions...
• Medical Ethicshttps://oxplore.org/question-detail/is-the-internet-bad {oxplore1}
• Life Hacks - How to Save the Planet

https://oxplore.org/question-detail/could_we_end_disease {oxplore2}
https://oxplore.org/question-detail/can-time-travel-ever-be-possible {oxplore3}
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!

If you are in Year 11 and would like to apply
for an in-person place at one of our two
residential Summer Schools…

http://podcasts.ox.ac.uk/coronavirus-and-disease-x {Podcast Oxford1}
http://podcasts.ox.ac.uk/series/staging-shakespeare {Podcast Oxford2}
http://podcasts.ox.ac.uk/diplomacy-21st-century-twenty-first-century-diplomacy-new-rule-book {Podcast Oxford3}
http://podcasts.ox.ac.uk/series/faculty-classics {Podcast Oxford4}
http://podcasts.ox.ac.uk/strachey-lecture-getting-ai-agents-interact-collaborate-us-our-terms {Podcast Oxford5}

Full details of the Summer School and
the eligibility criteria, and the online
application form, can be found HERE.
Remember, priority is given to those Year
11s who have sent in at least one entry to
a challenge, or a response to something
you’ve read or seen in one of the classes, so
if you haven’t done so yet, remember to do
so before the final deadline of 27th April!

BBC Sounds is also a great source of podcasts – here are some you might
like to check out.
https://www.bbc.co.uk/programmes/m0010gkq {Podcast BBC1}
https://www.bbc.co.uk/programmes/b04mgtdq {Podcast BBC2}
https://www.bbc.co.uk/programmes/b0093z1k {Podcast BBC 3}

Successful applicants will be
informed in early May.
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What next?
If you’re in Year 9 or 10…
you will be automatically enrolled onto the programme next year!

If you’re in Year 11…
• If you’re in one of St John’s official link areas, you may be eligible
to join our Year 12 Inspire Programme – keep an eye out on our
website and social media for more.
• T hose students not in one of our official link areas can apply for
places at Oxford’s UNIQ Summer Schools for Year 12s
• Many other colleges and departments across Oxford run
outreach events, including summer schools. You can browse
all events online here, and you can see what’s available in your
region here.

Further Resources
We have a huge amount of super-curricular
resources for you to check out on Inspire
Digital, and on the University of Oxford’s
Digital Resource Hub.
You can also find out more about Oxford,
including Information, Advice and Guidance
about the admissions process and interviews,
on Inspire Digital and at the main university
website.

Visions of the Future

Class 4
Wednesday 30th March 2022
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