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Artificial Intelligence
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T

his programme examines some
of the key areas in which our
world is changing in the 21st
century, and the implications this has
for our lives and our societies, as well as
exploring how people have responded
throughout history to periods of
great change – culturally, politically,
philosophically, socially.
In this first class, we’ll be looking
at some of the ways in which the
Covid-19 pandemic has affected our
world and the technologies we use, from
vaccine-development to diplomacy,
international relations, and digital
theatre. We’ll explore the technologies
that lie behind some of the key areas
of change in the 21st century such as
Artificial Intelligence and new sources
of clean energy. And, we’ll step back
from the modern to get a historical
perspective on ‘the future’, with articles
on the ancient origins of computing,
and on the notion of what it has meant
throughout history to be ‘modern’ at all.
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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.
You will also find several challenges
throughout the class, based on some of
the articles. We encourage you to send
us your responses to these challenges
– or any work you produce based on
any of the articles. Every entry received
each month will be entered into a prize
draw to win Amazon vouchers, and
everyone who submits at least one piece
of work to us over the course of the
programme will receive a certificate of
participation.

Share with us
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Details of how to submit your work
can be found in the ‘Share With Us’
section of this magazine on page 33, or
on Inspire Digital.

Matt Garraghan (Editor) & Dr Tom
Kemp (Associate Editor)

What is Artificial
Intelligence?

Artificial Intelligence is a field which seems to be evolving at breath-taking pace,
and looks set to be one of the most significant technological advances of the 21st
century. As such it is a topic which we will return to time and again over the
course of this programme. But what exactly is ‘AI’, and how does it work?

Dr Ken Amor investigates

A

rtificial Intelligence (or simply
AI) is becoming embedded
into many aspects of human
society. When you type an entry in
Google search, it uses an AI system to
return the websites that most closely
match your query. In doing so, it
has to interpret the meaning of your
query by examining the context of
surrounding words, while correcting
for spelling mistakes. ‘Change’ for
example has many different meanings
in the English language, such as
replace, exchange, adjust, and so on.
Google search also considers your
historical and recent searches, to
return the most relevant webpages
first.

So just what is AI?
It’s often defined as
an intelligent machine
that can think and act
rationally and is capable
of problem-solving and
decision-making, just like
the human mind. AI is a
general term to encompass
many different types of
intelligent machines
that are constructed to
perform a specific task or
application.
Typically, “intelligent” computer
programs lie at the heart of any AI
system. There are six main objectives
in AI: reasoning, knowledge
perception, planning, learning,
natural language processing and
perception. (A seventh goal is to move
and manipulate objects, but this
applies to the combined disciplines of
computing and robotics.)
AI consists of many different
components, such as machinelearning and artificial neural
networks, using methods taken
from statistics, probability, economics,
computer science, psychology, linguistics
and philosophy, although not all AI
systems use all these elements. A
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common feature of AI is access to
large amounts of information called
datasets. Advanced AI systems can
interpret and use raw information
such as speech or satellite data
without the need for humans to
classify or organize it in a structured
database. AI uses algorithms, which
are a set of specific instructions
to accomplish some task, such as
perform a calculation, or make a
pre-defined reasoning decision, such
as If A is True then do x, If B is True
then do y etc. Conventional computer
programs also use algorithms,
but in artificial intelligence, these
algorithms can be trained to improve
automatically using real data, and
without a human programmer having
to change lines of code.
A simple example of a machine
learning algorithm is an email spam
filter whereby the program classifies
incoming email into spam and not
spam. Depending upon your actions:
delete without reading, read and then
delete immediately, keep etc., the
filter learns to recognize incoming
emails you regard as spam. One
approach is the use of artificial neural
networks that aim to mimic biological
neural networks such as found in
the human brain. Inputs into the
system can be processed by a number
of different algorithms connected
by different pathways (neurons). A
particular algorithmic pathway is
given a weighting, depending upon
the success or otherwise in achieving

the goal, in this instance deciding
whether an email is spam or not. Over
time the best solution is given by the
pathway with the highest weighting.
In this way AI systems can respond
to new data without having a human
computer programmer change the
program.
How does this new technology
differ from conventional computer
programs? To illustrate the difference
let’s take as an example a recipe to
make pancakes. A recipe is a set
of instructions which, if followed
correctly, results in a delicious meal.
If the recipe only lists the traditional
lemon juice and sugar topping, what
happens if you don’t have any lemons
in the kitchen? You might look
through the kitchen cupboards for
an alternative. It is human nature to
be inquisitive and explore alternative
ingredients and combinations of
foodstuffs that you may not have
previously tried before.
A computer program also follows
a set “recipe” as a list of instructions.
Options and conditions can be hardcoded into the program, but in this
comparison, the computer program
stops because it is unable to complete
its list of instructions – no lemons.
However, an AI system would also

explore other alternatives. AI systems
have access to much more data and
would “know” the contents of your
store cupboard, perhaps by analysing
the purchases you make at the
supermarket. It may classify lemons
as a citrus fruit and if no lemons
were available suggest an alternative
such as oranges. The AI system may
also note that the traditional topping
consists of a combination of sugar
and fruit, and therefore suggest a
sweet, tangy alternative such as jam.

It is common to think of time passing predictably from past to present to
future, with our current society standing at the forefront of ‘modernity’.
However, are we right to think like this? And have societies always thought
this way? As Dr Emma Greensmith explores, in Ancient Greece and Rome
people often thought about ‘time’ a little differently.

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

?
Orange

Jam

Tomato
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Have We Never
Been Modern?

This exploration mimics the
human mind, its reasoning,
knowledge and perception of the
world. Not all combinations of
foodstuffs will make a successful
pancake topping but the AI system
would learn from its mistakes just as
we do, in this instance perhaps by a
using a feedback form.

Lime

T

ime passes. That seems like
an uncontroversial statement,
doesn’t it? Past turns into
present, and present into future,
and this process inevitably involves
change: a break with the past, forms
of progress or decline, predictions
about the future fulfilled or quashed.
Some theorists have started to put
pressure on this very assumption.
In a book published in 1991, French
philosopher Bruno Latour declares
that in fact (and this is the book’s
radical title) We Have Never Been
Modern. Writing at the cusp of a
new millennium, where people
were contemplating all the changes,
challenges and anxieties that moving
into the 2000s would bring (the
hysteria over Y2K threatened to
bring down the technological world!),
Latour pushes back against the
obsessive modernist thinking of the
soon-to-be millennials. We are not
moving into a radically new age, he
says, because the very idea that time
passes is a ‘deluded’ construct of
modern thought. If we take a wider

view of world history, we can see
that the passage of time can actually
be interpreted in many different
ways – as a cycle, an instability, a
return or a continuous presence –
but we find this incomprehensible,
because for us, ‘time’s forward arrow
is unambiguous’. We’ve become too
entrenched in our way of thinking
about time, and need to start over.
As a Classicist – someone who
researches the ancient world,
particularly the Greeks and Romans
– I too am very interested in thinking
about time. I have recently been
putting Latour’s theory to the test,
by applying it to ancient authors and
texts. Did the Greeks and Romans
think of themselves as ‘modern’?
That is to say, do these writers and
thinkers, who were also facing
rapidly changing worlds, accept the
idea that time passes, that there’s a
fundamental rupture between present
and past, or do they prove Latour
right, and reveal alternative concepts
of time?
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Here are a few examples of what
I’ve found so far:
In around 700 B.C.E., an epic poet
called Hesiod describes in a poem
called the Works and Days the idea of
The Myth of the Ages. Here Hesiod
outlines five ages of mankind: the
Golden Age, Silver Age, Bronze Age,
Heroic Age, and his own present age,
Iron. This is clearly a linear system
of time. And what’s more, things get
worse as time goes on: the men in the
race of Gold lived in abundance and
peace, whereas now the Iron age is
filled with toil and hardship. Seems
like Hesiod proves Latour wrong,
then…
However, Hesiod also predicts that
Zeus will destroy his current race,
too, when all moral and religious
standards are ignored. This leaves
things rather open ended as to what
will happen next. Will the races start
again? Will things go back to the
beginning, to another Golden age?
There is the possibility of a cycle
lurking beneath this straight-line
chronology…

Did the Greeks and Romans think
of themselves as ‘modern’?
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Almost 700 years later, a Roman
poet called Vergil returned to the
topic of time. Vergil was writing
in an intensely turbulent period of
politics: he had lived through the
assassination of Caesar, civil wars,
and now the beginnings of the
Roman empire under Augustus.
In one set of poems, the Georgics,
Vergil famously remarks: ‘time flies,
never to go backwards’ (3.284). This
sentiment sounds remarkably modern
(we still use the phrase ‘time flies’),
and asserts beyond doubt a break
with what has come before. And
yet in another collection of poems,
the Eclogues, Vergil puts forward a
very different vision: he predicts the
return of a golden age (that bygone
era of prosperity back in Hesiod):
‘now the great line of the centuries
begins anew…the iron blood at last
shall cease and a golden race spring
up throughout the world!’ (4.5-9).
Here we have the total opposite to a
forward arrow of time: this is newness
that will be achieved by repetition – a
future which goes back to the past.
So we have the same ancient
authors – one Greek, one Roman –
showing many contrasting approaches
to time. They differ not only from one
another, but sometimes even within
themselves. What does this mean?
That they don’t know the answers?
They couldn’t make up their minds?
Maybe. But I have a sense that these
writers (and there are many more
examples too) were deliberately
ambiguous and varied in their views
of how time operated in their world.
Hesiod and Vergil show that Bruno
Latour’s challenges to one strict
way of imagining time are not new
either: long, long before 1991, they

were asking the same questions, and
refusing to reach easy conclusions. If
we’ve never been modern, then really,
we’ve always been ancient too…
Dr Emma Greensmith is Tutorial
Fellow in Classics at St John’s College,
Oxford

Studying Classics at St John’s College

Studying Classics at St John’s College,
Oxford - YouTube

9

The Story of Computing
Origins & Analogue
The electronic computer has become a pervasive presence in our lives.
But how and why did they become so important in such a short time? The
answer is that they produce something humankind has always craved:
numbers. Over the course of this programme, Dr Luca Di Mare will
give an account of the history of computers – which, it turns out, have a
surprisingly long history. This month, we look at the origins of computers
in the pre-modern world.

Origins
In the ancient world, the need for
computation was related to astronomy
because farming work was scheduled
according to astronomical events
such as solstices, or the phases of
the moon. Astronomy was the only
human endeavour able to produce a
substantial body of quantitative data
that could be modelled and predicted
via calculations. The ancient people
form Mesopotamia – nowadays
Iraq – had quite a knack for algebra.
They performed fairly sophisticated
calculations using a numbering
system in base 60. We use numbers
in base 10 but the way we represent
angles in degrees, primes and seconds
comes from the Mesopotamian
numbering systems. The Plimpton
322 clay tablet from Babylon (Figure 1)
is 3700 years old and contains tables
used to aid calculations of the position
of celestial bodies in the sky. The
values on Plimpton 322 are believed

to be triplets of numbers obeying
Pythagoras’ theorem and can be
regarded as the oldest trigonometric
table in the world.
The partnership between science
and computation in the ancient world
really blossomed in Greece in the fifth
century BC because of the interest
of Greek philosophers in cosmology
and in questions of number theory.
Greek philosophers devised geometric
models of the universe, where the
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planets, including our own, the
Sun, the Moon and the visible stars
travelled along circular trajectories
combined to match their observed
position in the sky. These models
allowed predictions to be made of
the positions of celestial bodies.
The final expression of the complex
astronomical models formulated
by Greek philosophers and their
successors in Europe, Asia and
Northern Africa during the Middle
Ages were the large astronomical
clocks adorning European cathedrals
and public buildings since the
late 1300s. These clocks were the
supercomputers of their time. Their
complex mechanical movements
could display not only the time of
the day but also the phases of the
moon, the positions of stars and other
astronomical data of interest to the
city they served. One of the oldest
working surviving clocks is visible

One of the oldest working surviving
clocks in Salisbury’s cathedral
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Computer History Museum

Promotional material for the PACE231R
Analog Computer, 1961. Electronic Associate
Inc were a major supplier to NASA during the
space programmes of the 1950s and 1960s

William Thompson, Lord Kelvin,
tide predicting machine from
1872, now on display at the Science
Museum, London

Analogue computers
Cathedral clocks used a mechanical
process – transfer of motion between
wheels of different diameter – to
perform a simple algebraic operation:
multiplication. Computers that use
physical phenomena to perform
calculations and produce results that
are measured by a physical quantity
– e.g. the displacement of a dial, or
a voltage – are known as analogue
computers.
One of the most important types
of analogue computers were the tidepredicting machines that appeared

from the 1870s based on a design
by William Thompson, Lord Kelvin.
One of these machines produced
the predictions of tidal flows in the
English Channel and Normandy
coast for 6th June 1944: D-Day.
The machine, known as TPM No.
2, had been commissioned in 1896
because its predecessor had worn
down from constant use. TPM No
2 did not become operational until
1910. Analogue computers were still
in use in the 1970s and bore the bulk
of computing tasks for early space
missions.

Dr Luca Di Mare is Tutorial Fellow
in Engineering Science at
St John’s College
In the next class, Dr Di Mare will
continue the story of the history of
computing, looking at mechanical
computers and Charles Babbage’s
famous Difference Engine.

If you enjoyed this article…
You might want to explore our courses in
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Studying Computer Science & Joint Schools
at St John’s College

Studying Engineering at St John’s College

Studying Computer Science at
St John’s College - YouTube

Studying Engineering at St John’s College YouTube
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Studying Engineering at St John’s College YouTube

How can technological
advances shape the future
energy sector and our lives?
When thinking about how to tackle the current climate crisis,
there are few questions as crucial as how we generate our energy.
As the world attempts to transition towards Net Carbon Zero,
scientists are working on a number of innovative technologies to
find new ways of generating the power we need to live our lives in
the modern world, as Howard Kerr writes
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W

hen I worked in the energy
industry 20-30 years ago
there were four primary
energy sources – oil & gas, nuclear,
hydroelectricity and geothermal,
plus wood and dung in developing
economies. Today, our energy menu
is supplemented by more widely
accessible renewable technologies
such as wind, solar, tidal and biomass.
By 2020, the International Energy
Agency (IEA) reported that nearly
28% of global electricity production
came from renewables; however,
transport continues to mainly use
fossil fuels. In 2020 the EU reported
that only 8% of energy for transport in
Europe came from renewable sources.
Why the shift to renewables and their
differential uptake in varying sectors?
The transformation of our energy
diet to more sustainable renewable
sources is driven by the fact that
fossil fuels are a finite resource which
will run out one day. Also, that their
emissions place an unsustainable
burden on our planet’s environment
and society, as a significant
contributor to climate change and
reduced air quality. If the world is
to achieve the goal of Net Carbon
Zero by 2050 academics, businesses,
governments and citizens have to act
fast. Whilst economics and politics
are important factors, it is technology
which can facilitate a step-change in
the way we produce, store, transport
and consume energy.
Using the fundamental principles
and science of physics, chemistry
and biology, with a healthy overlay
of maths and materials sciences,
innovative solutions are being
developed to avert our looming energy
crisis. Here are some examples of
current innovations being worked on:

Airborne Wind Turbines
Suspended 1000 ft above the earth
from helium shells, these turbines
can access stronger and more
consistent winds than land-based
turbines, with a potential to relocate
turbines to areas of high windflow
and potentially reduce electricity costs
by 65%.
Lithium Sulphur Batteries
These batteries use very light
active materials which makes
their theoretical energy density
extraordinarily high – four times
greater than that of today’s more
common Lithium-ion batteries. High
potential for aviation, for example,
where weight is critical.
Algaculture
Microalgae can grow ten times faster
than land plants and do not require
such intensive use of water, energy
and fertilisers. Often referred to as
“green sludge” it has already been able
to make high-protein food from this
source, and is potentially also a rich
source of biofuel.
Hydrogen Fuel
There is a lively debate now about
the merits and demerits of “Blue”
hydrogen (from fossil fuels,
incorporating carbon capture), and
“Green” hydrogen (converted from
water using low-energy sources).
Hydrogen gas or liquid does though
need to be stored at high pressures
or very low temperatures, meaning
that it is currently more suitable for
larger vehicles rather than cars, or
commercial rather than domestic
heating. It offers the possibility of
emissions-free energy.

15

Nuclear Fusion
As an alternative to the nuclear fission
used in power stations over the past
65 plus years, fusion offers a clean
energy based on virtually limitless fuel
available, primarily hydrogen. Easier to
control or stop than fission, it produces
little or no nuclear waste and the core
remains radioactive for only 100 years,
resulting in potentially very low energy
costs and greater safety. International
collaboration is underway between
countries such as the UK, France, USA,
Russia and Japan to develop a proven
technology that is scalable.
All of these technologies, and many
more that are currently being explored,
have the potential to fundamentally
change the way we create and use
energy for our daily needs. No single
solution will solve our energy dilemma.
What is required is imagination and
robust science to translate these
possibilities into practical, realworld solutions. Scientists working
together with engineers, governments,
businesses and energy-users have the
ability to create the sustainable and
affordable energy footprint that will
serve all peoples of the world for future
generations.
Howard Kerr is Executive Director
& Chief Executive of BSI, and read
Geography at St John’s College as an
undergraduate

TED Talks

Further Reading

Growth of renewable energy (Earth.org)
Jonathan Trent
Energy from floating algae pods
Top technologies transforming energy in 2021 (Forbes)

The International Energy Agency
(IEA) reported that nearly 28% of
global electricity production came
from renewables in 2020

Saul Griffith
High-altitude wind energy

Top technologies transforming energy in 2021 (Forbes)

Al Gore: An Inconvenient Truth

TED-Ed Original lessons
The world’s biggest battery

Challenge
Can you imagine the adoption of an existing
technology or development of a yet-to-bedeveloped technology, which can replace the use
of fossil fuels and still provide the energy we need?
What might the opportunities and challenges be to
developing this into a practical solution to be used in
our daily lives? Rather than simply producing and using
more and more energy, what solutions might there be
to actually reduce our overall energy consumption yet
still allow the quality of life people expect?

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

Richard Sears
Planning for the end of oil

Studying Earth Sciences (Geology) at the
University of Oxford
Larry Burns
The future of cars

To submit your work, please click here!
Studying Earth Sciences (Geology) at the
University of Oxford - YouTube
Steven Cowley
Fusion is energy’s future

16

17

How are digital
technologies changing
diplomacy?
The current pandemic has forced international relations into the virtual
sphere at a rapid pace, and as in so many walks of life, diplomats have
had to learn to replace face-to-face meetings with Zoom. However, the
use of new technologies in diplomacy is nothing new, and is likely to
continue to change in the future, as Alex Manby explains.
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D

iplomats have long grappled
with advances in technology.
For the Tudor ambassador,
for instance, realist portrait paintings
provided the cutting-edge medium
through which to conduct diplomacy.
The 16th century painter Hans
Holbein was famous throughout
Europe for his portraits of the Tudor
royal family, which were circulated
amongst foreign courts in an effort to
demonstrate the might and majesty of
the English crown. Indeed, such was
the power of the painting, that Henry
VIII nearly caused a diplomatic crisis
when he divorced Anne of Cleves
after declaring that Holbein’s portrait
of the German princess significantly
exaggerated her beauty.
Fast forward three hundred years,
and in the 1860s, British Prime
Minister Lord Palmerston is reported
to have described the invention of
the telegraph as signalling the ‘end
of diplomacy’ altogether, predicting
that it would replace face-to-face
meetings between diplomats and
ambassadors. Later, in the 1960s,
the British diplomat, Sir Harold
Nicolson expressed similar concerns.
He described the telephone as a
‘dangerous instrument’ which he
feared would end the practice of
ambassadors being based in foreign
countries. Though history would
prove both Palmerston and Nicolson
wrong, similar anxieties were also
expressed of the impact of the fax
machine and e-mail upon diplomacy.
So how should we understand
the impact of digital technologies
on diplomacy today? Well first, it’s
important to understand exactly
what diplomacy entails. At its core,
diplomacy involves the management
of relations between countries

by ambassadors, politicians, and
diplomats. This can take place in
public, for example at United Nations
(UN) gatherings, presidential press
conferences, and intergovernmental
summits, as well as in private, as
representatives broker compromises,
develop partnerships, and engage
in secret negotiations behind
closed doors. Whilst diplomats and
ambassadors must represent and
communicate on behalf of entire
countries, they are still people with
their own thoughts, feelings, and
emotions. Diplomacy is thus also
about the development of carefully
managed and close personal relations
between individuals.

How have digital
technologies changed
these relationships?

Well, embassies and foreign
ministries are now increasingly
using digital technologies to reach
new audiences. Social media
allows diplomats to bypass official
ambassadors and politicians to
communicate directly with the
public, both at home and abroad.
This presents opportunities but
also challenges. Social media allows
diplomats to communicate faster, for
example when coordinating disaster
response efforts - but this speed
means that tensions can escalate
quickly. This was evident when
former US President Donald Trump
19

used Twitter to threaten North Korea
with military action and Russia and
Canada engaged in a Twitter ‘War
of Maps’ over Russia’s annexation of
Crimea.
The Covid-19 pandemic has
also forced diplomats to use digital
technologies in novel ways. Trapped at
home by lockdowns and global travel
restrictions, ambassadors who would
normally travel the world to meet
in person were forced to switch to
virtual meetings. Whilst this so-called
‘Zoom diplomacy’ has now become
the norm, diplomats have complained
that it makes it harder to establish the
trust and close connection needed to
form effective relationships or to have
the private conversations which are
often essential for hammering out
deals between countries.
However, Zoom diplomacy also
has its benefits. By removing travel
costs, virtual participation can be
more accessible, making it easier
for representatives of less wealthy
countries to attend diplomatic
meetings. Similarly, without the
need to fly, the carbon footprint of
diplomacy is significantly reduced.
Furthermore, though some
researchers have cautioned about
the potential cybersecurity threats
posed by holding meetings online,
others have suggested live-streamed
meetings are more transparent,
allowing new audiences to watch
diplomatic gatherings from the
comfort of their living rooms.
And finally, how might diplomacy
look in the future? Zoom meetings
look set to stay, but as part of a new,
hybrid diplomacy, involving both inperson and virtual participation. This
setup will allow diplomats to continue
engaging in those all-important

face-to-face meetings, whilst also
ensuring widespread participation
from those unable to attend in person.
Importantly, the history of diplomacy
tells us that whilst diplomats and
ambassadors have often expressed
initial apprehensions at the
introduction of new technologies,
they have always eventually embraced
such changes and used them in

innovative and creative ways. Though
the fall-out from the Covid-19
pandemic continues to create new
diplomatic challenges, this trend
looks set to continue.
Alex Manby is a 3rd year PhD student
at St John’s College studying Human
Geography

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

Further Reading

Challenge
First, read these three articles ‘Visual storytelling
for diplomatic practice’, ‘The dos and don’ts of digital
diplomacy in the COVID-19 world’ and, ‘On the use of
narratives and images in digital diplomacy’.
Next, visit this page: ‘World leaders’ UN video call backdrops ranked’. Choose three of the Zoom backdrops shown in the article.
Using the resources above, and those in the further reading, write
one hundred words for each picture on how the diplomats and
politicians use their Zoom backgrounds to present themselves
and communicate a message about their country to the UN. You
might like to consider the placement of flags, the way the speaker
is sitting/standing, and the kind of images used. Which
background do you think is most effective, and why?
To submit your work, please click here!

Studying Geography at St John’s College
Diplomacy in the age of Zoom

Studying Geography at St John’s College YouTube

Bye bye bilaterals: UN General Assembly to embrace Zoom diplomacy

Why the UN should promote digital diplomacy
Studying Geography at St John’s College YouTube

On the use of videos in Digital Diplomacy

Studying Philosophy, Politics and
Economics at St John’s College
E-diplomacy: foreign policy in 140 characters

Studying PPE (Philosophy, Politics and
Economics) at St John’s College - YouTube

Diplomacy for the digital age
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Gene sequencing
and the race against
Covid-19
The Covid-19 pandemic has required the development of brand new
vaccines at an unprecedented pace and scale, which would not have been
possible without the groundwork laid by scientists working in the field of
gene sequencing. Oliver Bredemeyer explains some of the science that lies
behind these new vaccines, and how they work in the fight against the virus.

W

hen the first patient
with Covid-19 was taken
to hospital on the 21st
December 2019, it would have been
hard to imagine how this disease
would change the world. Now, less
than two years after that date, nearly
half of the entire human population
has been vaccinated against SARSCoV-2, the virus that causes it. Due to
an unprecedented global effort, each
one of these vaccines was developed
faster than every other vaccine in
history. This remarkable feat would
not have been possible without
gene sequencing, which allowed the
international scientific and medical
community to find out critical
information about the virus in the
earliest stages of the pandemic.
When the outbreak was first
identified in Wuhan, China, a team
of researchers collected fluid samples
from the lungs of patients who were
treated in hospital. These samples
contained infected cells and viral
particles, and the researchers set out
to identify the cause of the disease.
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Using gene sequencing, they found
genes similar to previously known
coronaviruses. On the 12th January
2020, they published the entire
SARS-CoV-2 genome online, allowing
other teams across the globe to
start researching the virus without
ever having had access to a physical
sample. Crucially, anyone could
download the sequence, re-assemble
the gene, and use it to design vaccine
candidates. By the end of April 2020,
clinical trials were already underway
for two vaccines designed by teams
at Oxford University (collaborating
with AstraZeneca) and BioNTech
(collaborating with Pfizer).

How does
sequencing work?
Gene sequencing is the process of
taking a sample of DNA and working
out the sequence of bases in it. The
researchers who sequenced the SARSCoV-2 genome used two systems to do
23

this. One system, developed by Oxford
Nanopore Technologies, pulls the
DNA through a small hole which has
an electric current flowing through
it. It then measures changes in the
electric current as the different bases
block the hole by different amounts
in order to determine the sequence.
The other system, made by Illumina,
uses proteins found in cells to copy
each strand of DNA, but makes the
copies with modified bases that glow
in different colours after they are
added. By adding one base at a time
and recording the colours produced
under a light source, the sequence can
be worked out.
Both systems sequence many
thousands of DNA fragments at
once. Each fragment, or ‘read’, can be
relatively small, but will overlap with
others. The reads can then be aligned
to each other using a computer to find
out the full-length sequence.

A new generation of vaccines
One of the reasons that these vaccines
could be developed so quickly is
because they used a new approach
to train the immune system.
Instead of containing viral proteins
or inactivated viral particles, these
vaccines deliver the genetic code to
make the SARS-CoV-2 ‘spike’ protein
directly to cells (see Figure). This
protein is harmless on its own, but
without it, the virus cannot enter
cells to infect them. When the spike
protein is produced by cells after
receiving the vaccine, the immune
system learns to respond to it; later
on, when your body is exposed to real
viral particles containing the protein,
it will remove them quickly.
To create the Oxford-AstraZeneca
vaccine, researchers in the Jenner
institute at Oxford University started
with a harmless virus found in
chimpanzees, and used gene editing
to replace parts of its genome. They
removed some of the genes needed
for this virus to spread from cell to
cell, and added the genetic code to
make the SARS-CoV-2 spike protein,
which was reconstructed from the
sequence that had been published
online in January. The result is a
‘viral vector’ that can carry these
instructions into your cells and causes
them to make the spike protein.
The vaccines made by PfizerBioNTech and Moderna use nonviral vectors to deliver the genetic
code for the spike protein to cells.
These consist of lipid nanoparticles
(tiny oil droplets) filled with mRNAs
containing the genetic code for the
spike protein; the nanoparticles are
taken up by cells, which then produce
the protein.
Both of these technologies have
allowed Covid-19 vaccines to be
developed, tested, and produced in

record time. How do you think they
could be used in the future?
Oliver Bredemeyer is a 4th
year student in Medicine and
Neuroscience at St John’s College

How do viruses and vaccines work?
A virus is a piece of genetic code
that uses your body’s cells to
replicate itself, and contains the
instructions to make proteins that
can help it spread from cell to
cell. Vaccines train your immune
system to destroy infected cells
and viral particles by recognising
these proteins.

Find out more ...

If you enjoyed this article…

Video: How Nanopore Sequencing Works

You might want to explore our courses in

Studying Medicine at St John’s College
Video: How Illumina Sequencing (by
Synthesis) Works

Studying Medicine at St John’s College YouTube
Video: How do your cells use DNA and
mRNA used to make proteins?
How SARS-CoV–2 (coronavirus) and the vaccines use your cells to make the spike
protein. SARS-CoV–2 (right) carries genetic instructions to make the spike protein and
a number of other proteins as RNA molecules. Both vaccines give your cells the code to
make the spike protein without the other proteins, making them harmless. This allows
your immune system to learn what the spike protein looks like without you getting
infected with the actual virus, so it can stop you from becoming sick with COVID-19.

Studying Medicine at St John’s College YouTube

Video: The different kinds of COVID–19
vaccines
Studying Biomedical Sciences at St John’s
College

How does DNA store information?
How did scientists develop COVID–19
vaccines so quickly? (Nature)
Each of the cells that make up your body, with a few exceptions, contains a complete
copy of your genetic code. This code is stored as DNA, a long molecule made up of
a sequence of four different ‘bases’ (like letters in our alphabet) linked together in a
specific direction. Cells can read this sequence in order to produce other molecules,
including RNAs and proteins. This way of storing information is incredibly efficient – your
entire genome fits in under 2 metres of DNA, and a single gram of DNA can store over
450 billion gigabytes!
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Studying Human Sciences at St John’s
College

Studying Human Sciences at St John’s
College - Youtube

Using the ChAdOx1 vaccine platform to develop
cancer vaccines (University of Oxford)
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T
Innovations in Digital
Theatre
2020 saw theatres all over the world shut
their doors for many months, with many
turning to livestreaming and recorded
performances to connect with their audiences
in the absence of crowds being able to
gather in-person. However, as Dr Hannah
Greenstreet explains, many theatres had been
using digital technology for years before the
pandemic, raising interesting questions about
the relationships between technology and
performance.
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heatres including the National
Theatre and the Royal
Shakespeare Company have
been using digital technology to reach
larger audiences since the 2000s. The
closure of theatres in March 2020
due to the COVID-19 pandemic has
only accelerated this trend, with more
and more theatre companies sharing
recordings of their productions
online and experimenting with new,
digital forms of performance. These
technological developments in turn
raise questions of definition. If theatre
has often been thought of as people
sharing space and an experience
together at the same time, what
does it mean if people are watching
in their homes at different times?
Is digital theatre still theatre? This
article will situate the technological
developments in digital theatre
alongside these philosophical and
aesthetic questions.
Livestreaming and recorded
performances
Since 2009, the National Theatre
has been filming and broadcasting
selected theatrical productions live
from its stages to cinemas across
the UK and around the world. This
enables them to reach a much wider
audience, including people who might
not be able to get to London to see
the show in person due to where they
live. For example, the very first NT
Live broadcast, Phédre, directed by
Nicholas Hytner and starring Helen
Mirren, reached a cinema audience
of over 50,000 people globally – the
same number that saw the show in
person at the National Theatre over
the production’s three-month run.
Moreover, the theatre critic Michael
Billington observes that streamed

theatre gives everyone ‘the best seat
in the house’; it is democratic in the
sense that, unlike at the theatre, you
cannot pay more to get a better view
of the stage.
While a large part of the appeal
of these events is the opportunity
to experience a National Theatre
production live, there are some
differences in watching the play in
the theatre and watching it through
the livestream. Crucially, unlike
when they attend the theatre in
person, audience members are not
able to choose where to look. That
is decided for them by the director
and the director of photography.
High-budget live streams have six or
seven cameras placed throughout the
auditorium, giving different views
of the stage. The feeds from these
cameras are then mixed together
live by the director of photography.
Close-up shots on the actors’ faces at
particularly tense moments can create
the feeling of immersion and intimacy
more common in film than theatre,
while wide shots – sometimes even
using a camera on a crane – can give
a sense of the scale of the set design
and the actors’ positions in the space.
When watching a filmed theatre
production, then, you are watching
an adaptation of a stage play into
another medium. Watch this video
from the National Theatre to see how
they do this and the decisions the
process involves.
This does not mean that watching
a livestream is an inferior substitute
for watching the production inperson, but rather that you may
take different things from each.
Recognising the differences between
the media has also helped reassure
people who worried that digital
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performances would replace ‘real life’
theatre. Rather like the misplaced
furore over e-books threatening
the existence of paper books, there
is no sign of this happening yet
(except, perhaps, when theatres
were not legally allowed to open!).
Indeed, arguably the pandemic has
encouraged theatres to think about
how to make their productions
more accessible to people who
find it difficult to attend shows in
person, due to disability, caring
responsibilities or for financial
reasons (though theatres most still
charge for tickets to contribute to
the costs of making a high-quality
recording of the show). For example,
at the height of the first lockdown,
from April to July 2020, the National
Theatre streamed 17 shows from
its recording archive for free on
YouTube in an initiative called
National Theatre at Home.
Made for digital performances:
Zoom theatre
Even more innovatively, some
theatre companies used the pandemic
as a spur to experiment with new
technologies. While many were
becoming familiar with Zoom for
schoolwork, meetings and family
quizzes, Creation Theatre used
Zoom to rehearse and stage a digital
performance of The Tempest.
Creation is an Oxford-based theatre
company that specialises in creating
interactive performances in unusual
spaces; the previous year they had
staged a promenade performance of
The Tempest around an industrial
estate, with the audience walking
to different locations to encounter
different scenes and characters.
They were able to translate some

of this immersivity into the digital
production. Actors worked with
the designer to choose their own
digital backgrounds, projected
onto green screens, and make their
own costumes from what they
had at home. As in the in-person
production, the actors also used
improvisation to engage with the
audience and encourage them to
get involved. While not everyone
enjoys audience participation,
many people were more willing to
participate over Zoom and enjoyed
the opportunity to contribute to the
show, finding that it gave a sense
of togetherness amidst the isolation
of the pandemic. Research by The

Economist shows that 25 million
people in the UK visited a cultural site
online or attended a virtual cultural
event in 2020. 8 out of 10 people
said participating in culture online
helped them feel connected to their
communities.
Where next for digital theatre?
With the easing of social
distancing restrictions in July 2021,
theatres were allowed to reopen with
full-capacity audiences. However,
many theatres are still choosing to
make some performances available
for people to watch from home,
suggesting that the industry may
adopt more of a ‘blended’ approach

going forward. Theatre companies
are continuing to experiment
with making digital theatre, both
anticipating future shut-downs
and recognising that the extreme
financial pressure for theatre to
adapt to the Coronavirus crisis has
resulted in real technological and
aesthetic progress.
Dr Hannah Greenstreet received
her DPhil in contemporary
theatre from the University of
Oxford in 2021. She is also a
Project Support Officer on the

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

Challenge
Find a piece of online theatre to watch and write a review
(see Inspire website on how to write a theatre review if you’d
like some guidance on this). Note anything in particular that you
observe about the digital medium/ filming, for example any closeups or wide shots; any significant moments or characters the director
chooses to emphasise. Is the performance interactive and, if so, how did
they use the digital medium to engage you as an audience member? Is the
performance live or pre-recorded? Can you see the theatre audience or other
parts of the theatre or is it more like a film? For an example of a review of a
livestream, see Review: Faith Healer, Old Vic: In Camera - Exeunt Magazine.
Or, read the ‘Further Reading’ articles above and answer the following
questions in a mini-essay of 300-500 words:
What are the benefits of digital theatre? Are there any disadvantages?
Where do you think digital theatre could go next?
To submit your work, please click here!

Further Reading
Studying English and Joint Schools at St
John’s College

What’s next for online theatre? - Exeunt Magazine
Studying Music at St John’s College

Does online theatre really need to be live? - Exeunt Magazine

Studying Music at St John’s College YouTube
Why digital theatre poses no threat to live performance | Theatre | The Guardian

Theatre in the time of Covid: the show has gone on. | University of Oxford
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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
...

• Is the Internet bad?
• Could we end disease?
• Can time travel ever be possible?
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Dickens and Dante:
Sin, Punishment &
Redemption
One of the most famous works of English literature is A Christmas Carol by
Charles Dickens, with its Ghosts of Christmas Past, Present and Future –
using visions of the past as well as the future to drive the plot. Here, English
teacher Paul Garland looks at the surprising roots of one of the book’s most
famous scenes, as Dickens himself looked back to a much earlier
‘Vision of the Future’.

W

hen exploring the works
of Charles Dickens, we
are often (and rather
predictably) drawn towards the
historical background of the societal
issues that concerned and inspired
him. The Industrial Revolution,
burgeoning cities, destitution of
poverty and impoverished childhood
are the usual contextual pillars
which give weight to our knowledge
of the text. However, on further
exploration it becomes apparent
that literary allusions within
Dickens’ work are more effective as
contextual references and specifically
those within potentially the most
endearing work of English Literature:
A Christmas Carol. In this novella,
Dickens drew upon one of the most
famous and enduring works in the
whole of European literature, Dante’s
epic Italian poem, written in the 14th
century, The Divine Comedy – and
especially the division of the Inferno,
which recounts the author’s ‘guided
tour’ through the Nine Circles of Hell.
The phantoms that appear to the

antagonistic protagonist, Scrooge,
serve as guides of the soul and
illuminate his past, present and
future not unlike the way the souls
lead Dante on his journey to selfrealisation, and ultimately salvation.
One of the most famous episodes in
A Christmas Carol is the appearance
of Marley’s Ghost. Jacob Marley,
Scrooge’s old business partner, may
have been “a good man of business”
but he bemoans the woe of his
consignment to a perpetual afterlife of
torture and guilt:

if he does not change his ways) are
punished by pushing heavy weights
into the next sinner consigned to the
same fate:
A greater crowd than I had seen as yet,
With piercing yells advanced on either track,
Rolling great stones to which their chests were set.
They crashed together, and then each turned back
Upon the way he came, while shouts arise,
‘Why clutch it so?’ and ‘Why to hold it slack?’

Competition
A Christmas Carol and Dante’s Inferno
are both works containing themes of sin,
punishment and redemption. Think about a
text you are studying at school in English – or
another book you’re familiar with. Can you think
of any parallels with the works discussed above?
How are themes of sin, punishment, and
redemption explored?
To submit your work, please click here!

Dante, Inferno, Canto VII, lines 25–30

Paul Garland is an English teacher at
The Langley Academy in Berkshire

“I wear the chain I forged in life,”
replied the Ghost. “I made it link by
link, and yard by yard; I girded it on of
my own free will, and of my own free
will I wore it.”

Charles Dickens, A Christmas Carol (1843)

The chains and cashboxes which
he is forced to carry with him are
representative of his greed and
avarice in the human world and
reflect Dante’s description of The
Fourth Circle of Hell, a place where
misers such as Marley (and Scrooge,
30
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Work submitted by Jessica T,
for the 2020-21 Inspire Programme

Tia-Lana C

Amy A

Share With Us!
Click here to share your work, and for full details!

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.
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All entries received by Wednesday 2nd
February 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!
All participants who share work with us
before the end of the programme will
receive a certificate of participation – and
if you’re in Year 11, remember that you
should submit at least one piece of work
with us in order to be eligible to apply for
a place at our residential Summer School.
However, this can be for any of the four
classes, so if you’re not able to this time,
don’t worry – there will be three more opportunities for you to share work with us
before the end of the programme!
You can see some examples of prize-winning work submitted in last year’s course
on this page – maybe your work will be
featured in one of our future classes this
year!

Lili S
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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 cuttingOxplore
& Podcasts
edge scientific research to exciting events happening now at the university. You can find these on the
{NB: See Contents document – these can be placed anywhere in the docuUniversity 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

Upcoming on the course
Class 2 will be released on Wednesday 2nd
February 2022, and will be sent to you via
email, as well as being available on Inspire
Digital. The next class will cover many of
the themes that we have looked at in this
first class, such as Artificial Intelligence and
notions of ‘progress’ in the ancient world, as
well as a range of new ‘Visions of the Future’,
with articles on topics such as:
• Psychology: Artificial Intelligence & Learning
• Classics & Ancient History: Ancient Notions
of Progress
• Medicine: CRISPR-Cas Gene-Editing
• History of Art: Pop Art
• Zoology: Technology and Conservation
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 February will be entered into
the prize draw for this month.
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• Coronavirus and
‘Disease
Welcome
toX’Oxplore!
• Staging Shakespeare
Oxplore is an innovative digital outreach portal from the University of Ox• Diplomacy for the 21st Century: Twenty-first century diplomacy: a new rule book
ford. As the ‘Home of Big Questions’ it aims to engage those from 11 to 18
• Faculty of Classics
yearsGetting
with debates
and to
ideas
that go
whatwith
is covered
in the
class• Strachey Lecture:
AI Agents
Interact
anbeyond
Collaborate
Us on Our
Terms

room. Big questions tackle complex ideas across a wide range of subjects

BBC Sounds is alsoand
a great
source
podcasts
–
draw
on of
the
latest research
undertaken at Oxford. Click these links to
here are some you might
like
to
check
out.
start exploring some Big Questions...

https://oxplore.org/question-detail/is-the-internet-bad {oxplore1}

• Covid vaccines: their legacy & vaccinating teens
• Nuclear Fusionhttps://oxplore.org/question-detail/could_we_end_disease {oxplore2}
https://oxplore.org/question-detail/can-time-travel-ever-be-possible {ox• The Greek Myths

plore3}

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!
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}
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}
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Visions of the Future

Class 1
Wednesday 5th January 2022
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