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Dear readers , 
 
This edition of I,Science is dedicated to the parts of science which 
are often overlooked or marginalised: scientific communities that 
do not speak English; indigenous people with vital ecological 
knowledge; Muslim scientists whose contributions have gone 
unrecognised. We hope the features here highlight the value of 
recognising voices outside privileged research institutions — both 
for science and for society at large.

In a time of polarised opinion and mainstream denial of science, 
accurate information is more important than ever. But simply 
collecting the information isn’t enough. Science thrives only when 
it is communicated effectively.

One way you can learn to communicate science is to write for 
I,Science. The quality and range of writing produced by this maga-
zine means we have been Highly Commended by the Student Pub-
lication Association, the UK’s largest student media association. 
We hope to continue bringing you high-quality science writing 
from Imperial College, and hope you continue to enjoy reading it!

Jacklin Kwan and Faye Saulsbury 
Editors-in-Chief 
 

I,
We are always looking for new contributors for both the 

magazine and online. If you would like to get involved as a 
writer, illustrator or photographer, please get in touch.

 
Email us at i.science@imperial.ac.uk 

Follow us on Twitter and Instagram at @isciencemedia 
Like us on Facebook at I, Science 
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It’s like the Oscars, but for student 
publications – I,Science was a frontrun-
ner for the “Best Science Publication or 
Section” category at the Student Publi-
cation National Conference. 

I,Science was nominated for the “Best 
Science Publication or Section” award 
by the Student Publication Association 
in late March. The awards ceremony, 
which was part of a three-day confer-
ence organised by the association, took 
place on April 9th, and I,Science placed 
runner-up for the category.

I,Science was highly commended by 

the judges particularly for the latest issue 
of its magazine, which was published in 
January earlier this year. Both the theme 
and its “super slick” design were high-
lighted during the awards ceremony.

The award went to Concrete, the of-
ficial student newspaper of the Univer-
sity of East Anglia. The newspaper was 
awarded for its “great original report-
ing”, as well as its coverage of the uni-
versity’s research and other local stories 
in Norwich.

The ceremony was part of a national 
conference that is organised and held 

annually by the Student Publication As-
sociation. This year, the conference was 
the first to be held after a hiatus of three 
years. It was held in Sheffield between 
April 8th and 10th, and it featured no-
table speakers from the industry, as well 
as workshops and other networking 
events.

“We’d like to thank the SPA, Impe-
rial College London, our editors and 
contributors, our sponsors and sup-
porters, and above all, you, our loyal 
readers!” ■

I,Science Highly Commended by the Student 
Publication Association in national awards

It’s funny to think that current complex 
societal hierarchies and civilisations once de-
pended on what type of food they produced 
and stored. According to multiple data sets, 
this is most likely to be the case with cereal 
produce being the secret ingredient to the 
rise of civilisation.

The conventional hypothesis relating 
the rise of civilisations to farming has been 
around for ages. The hypothesis is based 
on the “productivity-and-surplus” explana-
tion for the emergence of hierarchies and 
civilisations. The explanation highlights the 
importance of surplus in produce in driving 
the development of a civilisation. The more 

food produced, the more likely a civilisation 
would develop. 

However, this view has been contested by 
a number of researchers claiming that it is 
not about the amount of food, rather about 
its appropriability, its capacity to be stored 
or hoarded. The comparison is carried out 
between regions where cereal, like maize 
and wheat, is the main produce, as opposed 
to roots and tubers, like potatoes and yams. 

Cereal crops have higher appropriabili-
ty than roots and tubers, since they can be 
stored for longer periods. Thus, creating an 
“elite” layer of the society that has the capac-
ity to store the produce and tax it later on. 

The rise of complex civilisations was 
catalysed not only by farming, but farming 
a specific type of crops

The new hypothesis posits that regions with 
cereal as the main produce have developed 
into complex civilisations with hierarchical 
societies beyond basic chiefdom. 

"Using these novel data, we were able to 
show that complex hierarchies, like com-
plex chiefdoms and states, arose in areas in 
which cereal crops, which are easy to tax and 
to expropriate, were de-facto the only avail-
able crops," explains economist Luigi Pascali 
from Pompeu Fabra University in Spain. 

The hypothesis is backed by multiple ex-
amples of regions where this pattern applies. 
One of which is the ‘Fertile Crescent’, a re-
gion spanning over modern-time Lebanon, 
Syria and Iraq. This region was highly de-
pendent on cereal crops and is said to be the 
cradle of human civilization. 

Well, turns out, we actually are what we 
eat! ■

News
JOHN BADER

VIA SPAJOURNALISM.COM/
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We have all seen cinematic death scenes 
where a person’s life flashes before their eyes. 
It’s emotional, and it happens in real life too, 
neuroscientists at the University of Louis-
ville find. 

A case study on an 87-year-old patient ex-
periencing his final moments shows a spike 
in a neural activity pattern that is similar to 
memory recall. After developing seizures 
following a surgery, doctors used electro-
encephalography (EEG) to monitor the pa-
tient’s condition. Unfortunately, while still 
under EEG monitoring, the patient’s condi-
tion deteriorated and he passed away. 

The patient had a do-not-resuscitate status 
(or DNR), and with the family’s consent, the 
doctors were allowed to monitor the EEG 
readings while the patient was experiencing 
the last moments of his life before his heart 
stopped beating. 

"Just before and after the heart stopped 

If Mariah Carey and Frank Sinatra were 
harmonising on Mars, you’d be able to hear 
Mariah’s high notes a few seconds before 
Frank’s deep vocals. Why is that? It’s because 
of the unique Martian atmosphere proper-
ties. 

NASA’s Perseverance rover, which landed 
on Mars in February 2021, captured sound 
recordings on the red planet, revealing a 
unique acoustic phenomenon. Recordings 
suggest that high-pitched sounds travel at a 
higher speed than bass ones, creating a “trip-
py” listening experience for humans.

Perseverance is the first ever mission to 
capture sound recordings of the Martian 
soundscape. Two earlier ventures to capture 
such recordings, the Mars Polar Lander and 
the Phoenix lander, failed due to technical 
issues. Perseverance was equipped with two 
cameras, each with a separate microphone 
that was able to capture recordings from two 
different locations on the rover. This maxi-
mised the chance to capture and retain re-
cordings, which allowed scientists to study 
the sound properties of Mars.    

These findings were announced at the 
53rd Lunar and Planetary Science Confer-
ence by planetary scientists from the Los 
Alamos National Laboratory. Scientists at 
the conference attributed the phenomenon 
to the unique properties of the Martian at-
mosphere. Both the density of the atmo-
sphere just above the surface of the planet, 

also known as the planetary boundary layer, 
as well as its temperature fluctuations play 
a role in the delay between high- and low-
pitched sounds. 

Sound travels at a slower speed in low-
er density mediums than in higher density 
ones. For instance, sound travels at about 
343m/s in our atmosphere, and at 1,480m/s 
in water, a denser medium than air. Likewise, 
sound on Mars travels at a slower speed than 
on Earth as the density of the red planet at-
mosphere is lower than ours.  

On top of that, the high temperature fluc-
tuations and the irregular behaviour of CO2 
molecules cause a speed gap between sounds 
of different frequencies. As a result, high-
pitched sounds with higher frequencies are 
allowed to travel at a higher speed through 
the medium than lower-pitched low-fre-
quency sounds. 

“Due to the unique properties of the car-
bon dioxide molecules at low pressure, Mars 
is the only terrestrial-planet atmosphere in 
the Solar System experiencing a change in 
speed of sound right in the middle of the 
audible bandwidth (20 Hz – 20 kHz),” said 
the researchers, explaining the eerie listen-
ing experience humans would have on Mars 
(perhaps one day). 

We might not know much about life on 
Mars, but there’s one thing we know for 
sure: “No harmonizing on Mars!”■

Sound on Mars travels at two different 
speeds creating a “trippy” listening 
experience, scientists find

working, we saw changes in a specific band 
of neural oscillations, so-called gamma oscil-
lations, but also in others such as delta, theta, 
alpha and beta oscillations," says neurosci-
entist Ajmal Zemmar, from the University of 
Louisville.

Neural oscillations, or brain waves, are 
the collective electrical activities of neurons 
firing in the brain. Different frequencies of 
these waves are with Greek letters for dif-
ferentiation. Additionally, each frequency 
is associated with different conscious states 
of the brain. For example, while we sleep, 
most of our brain waves are delta and theta, 
whereas when we recall a memory, they are 
gamma and alpha.

This pairing of gamma and alpha brain 
waves were observed during the last 30 sec-
onds before the patient was announced dead 
after a cardiac arrest. "Given that cross-cou-
pling between alpha and gamma activity is 

involved in cognitive processes and memory 
recall in healthy subjects, it is intriguing to 
speculate that such activity could support a 
last 'recall of life' that may take place in the 
near-death state," explained the neuroscien-
tists.

While the neuroscientists acknowledge 
the limitations of the case-study, due to the 
traumatic state the patient was in before 
death, this finding resonates people’s feelings 
and stories after near-death-experiences (or 
NDEs). Such anecdotes describe the last few 
moments before death as a “movie of one’s 
life” rolling before one’s eyes, which might be 
the result of the neural activity observed in 
the case study. 

"Something we may learn from this re-
search is: although our loved ones have their 
eyes closed and are ready to leave us to rest, 
their brains may be replaying some of the 
nicest moments they experienced in their 
lives,” says neuroscientist Ajmal Zemma

Goosebumps and tears!  ■

What does a dying person experience before 
death?

John Bader is an MSc Science Media 
Production student, and is the News Editor 
for I,Science.

SELFIE TAKEN BY NASA'S 
PERSEVERANCE ROVER
VIA MARS.NASA.GOV
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Do you speak the language of science? 
Right now, that language is English 
– specifically, academic English. Sci-

entists are having a harder time speaking it 
than you might think, and what’s lost are the 
scientific ideas and voices from the majority 
of the world.

Having a common language to facilitate 
knowledge sharing and collaboration in sci-
ence has its obvious benefits, especially as 
we move into a continually more globalised 
world. Researchers can e-mail each other in 
an instant, travel to different environments 
and laboratories in days, and meet and men-
tor each other in all types of niche fields with-
out boundaries. Using a common language is 
not new – in the 15th to 17th century, Lat-
in was science’s mother tongue. Newton’s 
Principia was published in Latin. French 
and German also had their moments in his-
tory, with one being as recent as Einstein’s 
groundbreaking work in Physics, which was 
written and published in his native German. 

"Pluck an average English 
speaker off the street and 

drop them into a biochemistry 
conference, and they still 

might not quite make out the 
conversation."

Though, with English, there are a few 
differences. One is that during the reign of 
Latin, scientists of the time were typical-
ly polyglots, using different languages for 
publishing internationally and for sharing 
their science locally. Another difference is 
that English seems to be currently fixed as 
science’s lingua franca, and many languages 
would rather transliterate scientific terms 
than create new native ones. French is a rare 
exception, creating its own technical terms 
like courriel for e-mail and données for data. 

Since the 1920s, the United States surged 
in research activity, while at the same time 
turning its focus from teaching foreign lan-
guages to strictly English. The adoption of 
English has only grown since then. One 
study shows that English publications are 
more likely to be cited, and it’s easy to see 
why. The publication ecosystem has grown 
such that of the top 100 scientific journals 
ranked by impact and prestige, all but five 
originate in the United States or the United 
Kingdom. All top 100 journals are published 
in English. In fact, about three quarters of all 
scientific papers published worldwide today 
are written in English, with the number go-
ing as high as 90 per cent in fields such as 
the natural sciences. Even in predominantly 
Spanish-speaking countries like Spain and 
Portugal, 95 per cent of all scientific publi-
cations were in English; only 1 per cent was 
in Spanish or Portuguese.  The same goes for 

the Netherlands, where English papers out-
number Dutch by 40 to 1.

Having a common language may sound 
like a good deal for researchers since they 
would only have to learn one language to 
participate in the scientific community. 
Learning a language is a basic part of partic-
ipating in any culture – including that of sci-
ence.As Director of Language Studies at Im-
perial College, Dr Felicitas Star-Egger notes, 
“If language is a representation of another 
culture, the scientific language will contain 
elements of different scientific culture.” If 
joining the scientific tribe means learning 
their language, what happens then if you 
cannot speak it? 

The dominance of one language poses a 
double barrier to non-native speakers on 
several levels. First, they must do the re-
search they want to publish; then they have 
the additional task of learning another lan-
guage to the point of fluency. 

“The way you speak is like your calling 
card,” says Dr Iria Gonzalez-Becerra, linguist 
at Imperial College. She invites us to imagine 
a scene: you are about to present a research 
project you have worked hard on. You know 
every part of the experiment and every nu-
ance of its results. It is very technical, but 
you have tried your best to compress years 
of work into minutes, a feat in itself. Then 
you must describe it in a second language. 
Remember, do it confidently and eloquently 
so that everyone believes you. Being an am-
bitious academic is truly not for the faint of 
heart. 

While scientific text strives to be neutral 
and does have prescribed structures, the 
reality is far from neutral. Dr Julie King, Di-
rector of the Centre for Academic English 
at Imperial College, notes that even in aca-
demic English, each individual has their own 
voice, and that voice is a presentation not 
just of their research but of their identity. 

The language used in publication and con-
ferences is not just ordinary English either. 
Pluck an average English speaker off the 
street and drop them into a biochemistry 
conference, and they still might not quite 
make out the conversation. English writing 
skill has been linked to citations and re-
searchers’ visibility, making it a vital skill that 
scientists are not typically trained for. Spe-
cifically, the language of science is not just 
English, but academic English – arguably 
another language scientists, both native and 
non-native English speakers, have to learn.

The trouble is not in the shared language 
– everyone can agree that having a common 
tongue is a boon. The trouble is that this pos-
es additional hurdles for some scientists who 
are simply expected to adapt, while others 
have a native advantage. Universities all over 
the world, not just in English-speaking coun-
tries, are doing excellent research, but they 
do not always have the means or time to do 
translation work. Many research-productive 

countries – such as Brazil, Korea, or Japan – 
do not use English even as a third language. 
Those outside of the dominant discourse 
must face additional steps that those at the 
center mostly take for granted. 

"If joining the scientific 
tribe means learning their 

language, what happens then 
if you cannot speak it?"

In the end, the whole community misses 
out on unheard talents all over the world, as 
well as the opportunity to develop interna-
tional research communities. When scien-
tists do learn another language, it is usually 
of a select few countries that already have 
large scientific capital, like France or Ger-
many. But what about Spanish, which is 
spoken throughout Latin America, but does 
not have the same foothold in the scientific 
community? At the same time, the common 
practice of transliterating technical terms 
from English lends itself to linguistic imperi-
alism, where the practice of the science itself 
is biased toward one language. The whole 
situation reinforces itself. Just think of cod-
ing where languages are based in English, de-
spite the international nature of the coding 
community.

So where do we go from here? Will English 
stay on its current pedestal for much longer? 
Is it too far-fetched to expect scientists to be 
trilingual? 

One way is for native English speakers to 
learn other languages, and engage openly 
with scientists from different communities. 
Another is to strengthen English language 
training in non-native speaking countries. 
There are many reasons for learning a new 
tongue, be it Spanish, Japanese, or academ-
ic English. As it is, researchers are eager to 
learn different languages – be it mathematics 
or coding – and different industries all have 
their own vocabulary. Learning a language 
opens up more than a bigger world to live in; 
it also invites different ways of thinking and 
seeing that world. 

In the end, as Dr King notes, “It’s real-
ly about communities finding a language 
where we can share ideas with each other.” 
Language shifts and reflects our world as 
we live it. We need to find our voices – and 
make sure as many people as possible can 
express themselves authentically and join the 
conversation. John Carey, a communication 
theorist, once wrote that “communication is 
culture” – if science is a culture like any oth-
er, we must find a way to communicate with 
each other inclusively to thrive. ■

Ingrid Espinosa is an MSc Science 
Communication student, and is a sub-editor 
for I,Science.

hISTORY & CULTURE
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Lost in translation
 INGRID ESPINOSA

Science strives to 
be neutral, but the 
language of science 
can never be free of 
its cultural contexts. 
What does this mean 
for the global research 
community?

LEFT:
LAURANE LE GOFF 
SYMPOIESIS

hISTORY & CULTURE
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Here and There

This year, I finished teaching my ethics module, part of 
the MSc Science Communication course, with a poem: 

To see a World in a Grain of Sand. 
And a Heaven in a Wild Flower. 
Hold Infinity in the palm of your hand. 
And Eternity in an hour.

These are the first lines from William Blake’s Augu-
ries of Innocence. 

Later, while thinking about the international aspects 
of science communication, Blake’s lines came back to 
me. I realised I couldn’t think about science communi-
cation across the world without also thinking about the 
way we teach our Masters’ courses. The pretty big and 
the pretty small. What’s the link?

Firstly, Blake’s vision has its scientific analogue. See-
ing a world in a grain of sand is a classic ambition of 
the laboratory. The genome is said to be a body, or even 
a society, in hiding. A vaccine is both a small chunk 
of chemistry, and a transformed population. Many 

scientists study something small, but in communicat-
ing their work they stress the wider implications, the 
far-reaching impacts.

Science communication training resonates with the 
same duality. Our classrooms and our studios are mod-
est places, bounded and time-tabled. Students file in, 
sort themselves out, say their helloes. The door  clos-
es and the work begins. Now enclosed, we learn from 
each other. The learning happens because numbers 
are small; because group work is constant; because we 
know each other’s names. 

Academically and practically we are often 
small-minded. Think of the minute attention needed 
for audio and video editing. When a student edits, it is 
as if the world has disappeared, and time is unimport-
ant. And in my teaching of the philosophy of science, 
I tend to favour the local. Following the philosopher 
Paul Feyerabend, I like to say that science in Newcastle 
is different from science in Bristol, or Brisbane.  Ev-
eryone’s ideas matter – not just the teacher’s – when 
brought into reasoned debate. Classrooms should be, 
but often are not, places for thoughts – small and large. 

This smallness does not mean we are introspective or 
inward-facing only. You can see a whole world in any 
well-run classroom. The outer world breezes in with 
our students. 

Often they are well-travelled, or well-read, or both. 
A third of them are international students. Each year 
we hold a lunch for these international students. As we 
chat we ask: why did you come all this way to study the 
course? And what is science communication like back 
home?

Recently, as if inspired by our students, the Science 
Communication Unit has been developing a number 
of relationships abroad. Post-Brexit, it is important to 
strengthen our links on the continent. 

Everyone can see that troubling forces are fragment-
ing Europe. The Russian invasion of Ukraine caused 
horror, but also some new-found unity that may in 
time strengthen Europe. Will European unity mean 
more meetings of minds, or just more missiles in their 
bunkers? And can science communication help?  

In 2020, the Volkswagen Foundation, a large German 
funder, asked us for help with their project ‘Challeng-
es for Europe’. This is an investigation into destructive 
trends within the EU: nationalism, the far-right, rac-
ism, erosion of a free press and attacks on the indepen-
dent judiciary.

Why involve science communication? The reason 

is that issues of race, identity and nationhood, quickly 
link up with science – not all of it ‘good science’. Sci-
ence communication, Volkswagen said, can help us get 
the good science into the wider discussion. Later, I was 
invited to a Chatham House seminar in Warsaw to dis-
cuss how reform of the science curriculum can assist 
the demand for social justice, and thus create a better 
world. 

In Poland, our ‘Minding Science’ project is under-
way. This is a collaboration between the Unit, and four 
Polish universities: the Adam Mickiewicz University in 
Poznan; the Medical University of Gdańsk; the Warsaw 
University of Technology; and the Jagiellonian Univer-
sity in Krakow. The idea we are promoting is this: if sci-
ence communication is not PR, but is about enriching 
science-society relations, then critical and interdisci-
plinary effort will be needed. Universities are the places 
for that. The fruit so far includes eight podcasts, cen-
tred on interviews with our students, and an ambition 
to set up a European Science Communication Summer 
School. Given a fair wind there’ll be a school in Poznan 
in July 2023. 

In the Science Communication Unit, you might say, 
we close the doors on our classrooms and call the regis-
ter. Quiet descends, and everyone starts talking. At the 
same time we try to see the world that lies far beyond 
Imperial. I’m sure Blake would understand. ■

HERE

THERE

STEPHEN WEBSTER, DIRECTOR OF THE SCIENCE COMMUNICATION 
UNIT, IMPERIAL COLLEGE

hISTORY & CULTURE
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ABOVE:
KAIA KLAJDA
POLISH PATTERN
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W hat has been your most noble ex-
perience? For some people, it is 
receiving a Nobel prize, one of the 

most prestigious awards a person can receive 
in their respective fields. While receiving a 
Nobel Prize constitutes a major motivation 
to increase constructive contributions to-
wards humanity, many people are unaware 
of its satirical underrated sibling: The Ig No-
bel. Organised by the Annals of Improbable 
Research, a scientific humour magazine, the 
Ig Nobel Prize aims to celebrate unusual 
scientific achievements while “honour[ing] 
achievements that first make people laugh, 
and then make them think.” Its name is a pun 
on the word ‘ignoble’ (meaning not honour-
able). But is the Ig Nobel Prize really ignoble?

"Back then, many people 
had assumed that it was 

an April Fool’s spoof when 
his research was published 

in the April 1997 issue of 
Physics World"

Sir Andre Geim is the first individual 
to have won both a Nobel Prize and an Ig 
Nobel Prize. In 2000, Geim received an Ig 
Nobel Prize for using magnets to levitate a 
frog, showing that water is able to act against 
Earth’s gravitational force under a magnetic 
field. Back then, many people had assumed 
that it was an April Fool’s spoof when his re-
search was published in the April 1997 issue 
of Physics World. Then, in 2010, he received 
a Nobel Prize in Physics for his work on 
graphene, which is a special type of carbon 
with a myriad of modern uses and is also the 
world’s first two-dimensional material. 

Graphene is known as a ‘wonder material’ 
due to its strength, transparency, flexibility, 
conductivity and light weight. The future ap-
plications of graphene push the limitations 
of the human mind: flexible batteries with a 
longer lifespan, graphene oxide membranes 
for water filtration, next-generation elec-
tronics, targeted drug delivery, smart im-
plants and many more.

While his work on floating a frog with a 

magnetic field might seem trivial in com-
parison, it escalated research towards future 
moon-landings two decades later. Earlier 
this year, Chinese scientists who were in-
spired by Geim’s work utilised a powerful 
magnetic field within a vacuum chamber to 
simulate low-gravity conditions, similar to 
those found on the Moon. The researchers 
aim to test equipment and tools to observe 
their reaction in a low-gravity environment, 
aiding them in selecting the correct equip-
ment for future space missions. This would 
speed up the upcoming plans to land on the 
Moon as well as other human spaceflights.

In this example, Geim’s research on 
graphene and floating frogs have led to ma-
jor contributions to science and humanity. 
So why is the Nobel Prize still considered by 
many as being more noble than its counter-
part? Graphene is worth the label of nobility 
because of its application potential, which 
was immediately recognised by the scien-
tific community, despite the research being 
relatively new. It is known that the future 
applications of graphene will change the 
world. However, when Geim floated a frog 
with magnets, neither he nor the scientific 
community were aware of the future possi-
ble contributions of this research – making it 
seem like a cheap trick

An article published in The National ti-
tled, ‘A Noble Side to Ig Nobels’, points out 
that, despite criticisms of trivial research, 
the Ig Nobel Prize also motivates significant 
breakthroughs. For example, the 2006 Ig No-
bel Prize in Biology was awarded to a study 
on malaria mosquitoes (Anopheles gambi-
ae) which found that the insects considered 
the smell of human feet and that of Lim-
burger cheese equally appealing. Although 
this research seems trivial, it inspires a way 
to combat the malaria epidemic. Scientists 
baited traps with Limburger cheese and 
placed them in various locations in Africa to 
cope with malaria outbreaks. Similarly, Prof. 
Dorian Raymer and Dr Douglas Smith re-
ceived an Ig Nobel Prize in Physics by inves-
tigating a character’s observation in Jerome’s 
comic novel Three Men in a Boat on how a 
rope gets tangled if not handled carefully. 
They realized that similar to the rope, string-
like molecules like DNA can get tangled as 
well, which will lead to incorrect readings of 
genetic code and could result in potentially 

The Ig Nobel Prizes
DAMLA KOSE

fatal results. Fortunately, DNA has evolved 
to untangle itself in various ways. This re-
search has led to the development of an-
ti-bacterial and anti-cancer agents that tar-
get the anti-knotting abilities of DNA. 

"However, the examples 
mentioned raises 

questions about whether 
scientific work can only 

be noble when its results 
contribute to science in an 

intuitive way. "
Despite the prior examples, many people 

criticise the Ig Nobel Prize. Former Imperial 
College London professor and Chief Scien-
tific Adviser to the UK government, Sir Rob-
ert May, raised his concerns about British 
scientists becoming frequent Ig Nobel lau-
reates. He was worried that receiving such 
awards may harm the career prospects and 
reputation of British scientists. 

However, the examples mentioned raises 
questions about whether scientific work can 
only be noble when its results contribute to 
science in an intuitive way. This reminds one 
of the dilemma of ‘art for art’s sake or art for 
society’. Nowadays, science is accepted if it 
has direct impacts on society. However, the 
Ig Nobel Prize exemplifies how science for 
science’s sake can also be a noble cause. In 
contrast to a Nobel Prize, which is a gold 
medal and a massive monetary award, an Ig 
Nobel Prize itself is made of inexpensive ma-
terials that are subject to disintegration. The 
fact that the Ig Nobel Prize focuses on scien-
tific contributions that are done regardless of 
fame and money makes this seemingly trivial 
prize, and the research it celebrates, worthy 
of nobility. ■  

Damla Kose is a BSc Chemistry student.

RIGHT:
KELLY BRIGGS

SOMEWHERE BEYOND
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A block from the East River, located in 
one corner of a sprawling warehouse 
in Greenpoint, Brooklyn, is Jonathan 

Fetter-Vorm’s dimly-lit studio space. In his 
sanctum, science graphics come to life. Here, 
history is revisited, and heroes are born. 

Trinity, Fetter-Vorm’s debut science 
graphic, published in 2012, depicts the dra-
matic story of the race to build and deploy 
the first atomic bomb in World War II. The 
graphic novel introduces us to the scientific 
legacy of the bombs that devastated Japan 
77 years ago. It traces the narrative from the 
spark of the invention in the laboratories of 
19th-century Europe, to the massive indus-
trial and scientific efforts of the Manhattan 
Project. The characters in the story wrestle 
with moral implications, only to eventually 
realise that they have irreversibly thrust the 
world into a more terrifying age. Fetter-Vorm 
presents the teachings of scientific inquiry in 
a very intriguing and engaging way. But this 
is not a superhero story. This is not science 
fiction. The novel contains real faces and 
stories of real people who have been a part 
of one of the most significant events in our 
history!

Prior to this book, science graphic novels 
did not have such an admired status. Nor 
were they glorified for being “real” informa-
tive books. Trinity became a very important 
addition to the growing number of science 
graphic histories. Fetter-Vorm has since be-
come a familiar face in the science commu-
nity. 

"This is not a superhero 
story. This is not 
science fiction"

For decades, comics have emerged as an 
increasingly popular form of communica-
tion, able to engage readers of different age 
groups and cultural backgrounds. The inte-
gration of text and pictures, the use of char-
acters and expressions, and the elements 
of different and unusual environmental 
settings provide the basis for emotional at-
tachment and self-reference – all of which 
facilitate learning. There was a time when 
“science comic” meant a straightforward col-
lection of pictures and word balloons. Back 
in the 1800s, science was strictly explained 
through facts, definitions and lectures. Dia-
grams with clunky and expository dialogues 
made it harder to understand and compre-

hend. Rather than making science enjoyable, 
graphics made science dry and drudging. But 
not anymore. The new generation of science 
comics is designed as much to entertain as 
to educate. 

The 1950s established a solid benchmark 
in bringing science graphic stories to the 
mainstream. Comics began featuring emo-
tionally charged stories and high-quality art-
work that triggered instant interest among 
the public, and thus became viable means for 
science learning. These were books wrapped 
in vibrant covers imitating movie posters. 
The idea was simple – to offer a glimpse into 
the lives of famous scientists, along with ba-
sic scientific explanations. Detailed accounts 
of scientific heroes like Pasteur, Davy, Tor-
ricelli and Lavoisier were narrated in an en-
ticing way.

An Immortal Mind featured the life of An-
toine Lavoisier, the father of modern chem-
istry. A prisoner of the French Revolution’s 
Reign of Terror, Lavoisier stands tall and 
dignified, prepared to surrender to the glis-
tening blade of the guillotine. To soften the 
cover’s execution scene and establish how 
the world at large recognised the injustice 
of Lavoisier’s death, his story opened in the 
modern era. 

Another comic, Mujeres Célebres, featured 
the Nobel laureate chemist Marie Curie like 
a stunning movie star. The comic opens with 
illustrations of her laborious experiments, 
extracting small amounts of uranium from 
large quantities of pitchblende ore, ultimate-
ly leading to the discovery of the element 
radium. 

Readers not only learn her maiden name, 
Skłodowska, but also that she was an exem-
plary woman in every sense of the word - a 
self-sacrificing wife, a loving mother, and a 
dedicated scientist who was “bequeathing to 
humanity” the fruit of her labours. The cap-
tion proudly proclaimed: “At this moment, 
Marie set off a new era in science.”  Pub-
lished in May 1956, the fourth issue of Vidas 
Ilustres demonstrated Louis Pasteur’s long 
and rich scientific career.  His work on vac-
cination is the focus of this story, but it also 
vastly covers his research on fermentation. 
Pasteur’s fermentation work was prompted 
by vintners’ complaints of wines going bad. 
Here, the comic highlights his thesis, where 
he strongly implies that introduced microbes 
spoiled the wine, as opposed to the common-
ly held scientific belief that life could develop 
spontaneously. In the last pages, Pasteur’s 
views are eventually vindicated.   

Today, these books are viewed as an inspi-

ration for science graphic novels. These sci-
ence comics succeeded in bringing to life the 
excitement of scientific discovery and exper-
imentation. They also highlighted the pub-
lic recognition given to scientists for their 
contributions to society. As one comic book 
explains, they show “just what is achievable 
through intelligence, patience, and human 
tenacity.” The popularity of these graphic sto-
ries is a phenomenon worth contemplating, 
especially at a time when the government 
is trying to pique young people’s interest in 
science. 

"Science comics 
succeeded in bringing 
to life the excitement 
of scientific discovery 
and experimentation"
Nowadays many scientists and researchers 

are increasingly seeking out visual artists to 
help communicate their work to new audi-
ences. From biographies to children's books, 
they share a strong focus on storytelling that 
is based on “real science.” Consider the art-
ist, Jim Ottaviani. A trained nuclear engi-
neer, Ottaviani has written several graphic 
biographies of scientists, including Galileo 
Galilei, Isaac Newton and Richard Feynman. 
Another bunch of popular faces, Dominic 
Walliman and Charles Soule, researchers 
themselves, educate the public about the 
use of real-world technologies. Amidst the 
struggle within the cognitive tug of war of 
new media landscapes, science comics of-
fer a useful model for a new type of reading: 
one that might help us move toward new 
productive modes of expression and under-
standing. Perhaps the same tool can also help 
us rethink the power of biography, dramat-
ic narrative and heroes from history, to en-
gage both young and old minds in a way that 
written words cannot. After all, who doesn’t 
love exuberating colour and detail in these 
artworks that take us into a world of vivid 
adventure! ■

 
Anjana Nair is an MSc Science 
Communication student. She is also Reviews 
Editor for I,Science.

ANJANA NAIR

Graphic Science:   
How comic books created real heroes   

RIGHT:
ARTWORK BY INGRID ESPINOSA
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ture of bimaristans was that care would be 
provided to all, irrespective of their race, re-
ligion or gender – usually for free. Addition-
ally, patients were not released unless they 
were fully recovered.

Science and medicine during the Islamic 
Golden Age were obviously flourishing. So 
why has this story been erased?

A likely theory is that this erasure was 
caused by multiple invasions on the Islamic 
world, which created an environment where 
science became stifled. During the 13th cen-
tury, the Mongol empire was growing in 
strength and in 1258, it destroyed the city of 
Baghdad – the world’s largest city at the time 
and a key scientific and cultural hub. Recov-
ery from this was slow in the Islamic world. 
We are now familiar with the age of scientific 
exploration as it occurred in Europe, where 
the Renaissance and the Age of Discovery 
were underway.

In the years since, many of the revolution-
ary Islamic scientists, inventors and medics 
have been erased from our history books. 
Nowadays, science is very much seen as a 
Western enterprise, driven by Eurocentric 
opinions of what ‘real science’ is. Many peo-
ple may feel like they do not belong in the 
often-privileged world of science. If its his-
torical and cultural roots are forgotten, this 
may only amplify the assumption that sci-
ence is not for everyone. It’s time for us to 
start looking beyond the limits of Western 
science and recognise that science can exist, 
as it often has, in a plural world of faith and 
spirituality. After all, without the pioneering 
minds of the Islamic Golden Age, science as 
we know it would be non-existent. ■

Sophie Ormiston is an MSc Science 
Communication student.

The hidden history of 
Islamic science

M odern science and religion have 
had a rocky relationship at best. A 
battle between faith and reason – 

there has been constant debate on whether 
the two can co-exist. However, it is becoming 
increasingly obvious that science and society 
are intrinsically entangled, constantly shap-
ing, influencing and modifying each other. 
And historically, religion has had a strong 
hold over society. The concept of natural 
philosophy, or early scientific knowledge, 
started as an inquiry into the world that God 
created. Many of the scientific greats were 
deeply religious individuals. Gregor Mendel, 
whose pea plant experiments established 
the rules of heredity, was an Augustine fri-
ar (a member of a Catholic religious order). 
George Lemaître, who first suggested the Big 
Bang theory, was a Belgian Catholic priest. 
But what about science that stemmed from 
religions outside of Christianity – such as 
Islam? To explore this, we’ll have to go back 
around 1,300 years.

Whilst medieval Europe was struggling 
through the Dark Ages, the Islamic world 
was doing quite the opposite. They were 
flourishing in their own period of enlight-
enment and discovery, known as the Islamic 
Golden Age (usually dated from the 8th to 
the 14th century). During this time, some of 
the world’s best scientists were located in the  
Islamic world. Bright minds from Baghdad, 
Cairo and Córdoba were making revolution-
ary discoveries that laid the groundwork for 
much of the science we perform today.

Ibn al-Haytham, a Muslim Arab mathema-
tician, astronomer and physicist, described 
by many as the world’s first true scientist, 
played a significant role in creating the sci-
entific method. Much like Francis Bacon 
would do nearly six centuries later, Al-Hay-

tham strongly encouraged an observational 
and experimental approach to science. He 
most famously used his experimental meth-
ods when he became the first person to cor-
rectly explain how vision works: that rays of 
light are reflected off objects into our eyes.  
Al-Haytham’s findings were published in his 
Book of Optics, which dramatically trans-
formed how light was understood. This book 
would go on to be an extremely impactful in 
the field of optics, even influencing West-
ern academics such as Roger Bacon and Jo-
hannes Kepler. 

It was not just in Physics that Muslim sci-
entists were making pioneering discover-
ies. The field of medicine also experienced 
significant development during the Islamic 
Golden Age. Many contemporary medical 
procedures can be traced back to the work 
of a trailblazing 10th-century doctor named 
Abu Al Qasim Al-Zahrawi. Considered both 
the father of modern surgery and the great-
est surgeon of the Middle Ages, Al-Zahrawi’s 
work had a massive impact, not just in the 
Islamic world, but also globally. For over 50 
years, Al-Zahrawi worked on his Kitāb al-
Taṣrīf (known in English as The Method of 
Medicine): a 1,500-page illustrated encyclo-
paedia of surgery. Finally completed around 
the year 1000, the 30-volume publication was 
used in Europe as a medical reference for the 
next 500 years. Its detailed explanations of 
surgical procedures, instruments and anato-
my dictated the education of Western medi-
cal students until the late 1800s. 

In addition, Al-Zahrawi was the first per-
son to discover that catgut could be used 
to stitch wounds and would be naturally 
absorbed by the body. Catgut stitches are 
still used in some parts of the world today. 
Al-Zahrawi also pioneered work in repro-
ductive surgery; he is said to have performed 
the first caesarean operations and was the 
first to describe abdominal pregnancies. 

Hospitals also prospered during the Is-
lamic Golden Age. In fact, the United States 
National Library of Medicine credits medi-
eval Islamic civilisation with the creation 
of hospitals as we know them today. The 
Islamic hospital, called a bimaristan, was 
multi-functional. As well as having separate 
wards for different ailments, a bimaristan 
typically contained a pharmacy, lecture hall, 
library and mosque. An important key fea-

SOPHIE ORMISTON

"Many contemporary 
medical procedures can be 
traced back to the work of 
a trailblazing 10th centu-
ry doctor named Abu Al 

Qasim Al-Zahrawi."

"During this time, some 
of the world’s best 

scientists were located 
in the Muslim world"
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W hen you think of Albert Einstein, 
what words come to mind? Physi-
cist?  Mathematician? That ‘Eure-

ka’ guy? But would you describe him as an 
artist? Would you compare him to Van Gogh 
or Monet? 

These days, it seems the role of artist and 
scientist are considered drastically different. 
The fields are commonly seen as opposites 
of one another. However, some believe that 
art and science should go hand in hand; that 
they are intertwined and can help each other 
flourish.

One such person is Anicka Yi, a concep-
tual artist who utilises science and technol-
ogy to create stimulating works of art. If you 
have visited the Tate Modern in the last few 
months, or have watched any London Ins-
tagram stories, you have probably seen Yi’s 
work. Her piece ‘In Love with the World’ fea-
tured floating robots named ‘aerobes’ which 
were inspired by organic life forms, like octo-
pi and mushrooms. 

With these aerobes, Yi explored the idea 
of a world shared with machines which can 
adapt and evolve on their own. Using AI 
learning, she questioned whether biology 
and technology could enable machines to 
evolve into independent life forms. Elec-
tronic sensors around the room acted as 
alternatives for their senses. The aerobes’ 
system software responded to these ‘senses’ 
allowing them to follow a unique flight path. 
‘In Love with the World’ is a perfect example 
of Yi’s ability to create a mesmerising piece 
of art whilst at the same time asking ques-
tions of science and technology.

Yi also has a fascination with the progres-
sion of life. This can be seen in her piece 
called ‘Shameplex’ which was exhibited in 
the Museum of Modern Art in New York 
City. Seven rectangular, clear, plastic boxes 
were filled with a layer of green ultrasonic 
gel. Within the gel, nickel-plated pins were 
arranged in different geometric patterns. 
As time progressed, the rusting of the pins 
began to invade the gel, creating beautifully 
unique patterns. 

Yi’s aim was to emphasise the messiness of 
life and highlight the algorithms that drive 
our sensory perceptions. ‘Shameplex’ at a 
glance can invoke feelings of disgust and 
anguish. However, upon deeper reflection 
it can bring about feelings of joy, much like 
that associated with childbirth and pregnan-
cy. 

SIÂN ALLERTON

"Some believe that 
art and science 

should go hand in 
hand"

Strange bedfellows:
Why art and science go 
hand in hand
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"Art can help to push 
the boundaries of 
possibility in both 

technology and 
science"

What is unique about Yi’s work is that she 
seeks to combine science with traditional 
art fabrication. However, this type of prac-
tice wouldn’t have always been considered 
so unique. In the past, periods of scientific 
enlightenment were, more often than not, 
accompanied by a large artistic boom. 

A key example of this is the Renaissance, 
where, in the 15th and 16th century, a large 
progression in both science and art was seen. 
Science and art thrived off of each other. 

One of the most famous people involved 
in this exciting time-period was Leonardo 
da Vinci. Importantly, he was considered not 
only an artist, but also a scientist and an in-
ventor. He not only created some of the most 
well-known pieces of art to this day, includ-
ing the ‘Mona Lisa’ and ‘The Last Supper’, 
but he also designed workable precursors of 
a diving suit, a robot and a tank. Is it possi-
ble that Da Vinci’s inarguable genius can be 
attributed to his ability to embrace and com-
bine both the arts and the sciences? 

The collaboration of science and art can 
also very plainly be seen in many beautiful 
buildings throughout the world. Take the 
pyramids of Giza, the Acropolis, the Col-
osseum, or the Empire State Building. They 
all required mathematics and engineering 
to create pieces of art which are still praised 
and visited by many today. 

When creating a piece, Yi seeks to collabo-
rate with experts across many fields, includ-
ing engineers, philosophers, chemists and 
perfumers. She sees this type of cooperation 
as a way of enhancing and supporting cre-
ativity. Most importantly, she believes that 
“the role of the artist is really, quite frankly, 
as much as a scientist, to define what life is 
and what life can be”. Art can help to push the 
boundaries of possibility in both technology 
and science, leading to breakthroughs which 
were originally unimaginable. 

So, maybe it is true that art can lead to 
scientific innovation. Maybe, instead of con-
tinuing to separate the science and art sec-
tors, it is time to merge them to create one 
completely intersectional field. If Yi is right, 
then the advancement seen in both technol-
ogy and art fabrication would be exponen-
tial. ■

Siân Allerton is an MRes Chemical Biology 
student.

LEFT:
MAYAH PICO
ART X SCIENCE
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The Other Side of the Manifold
MICHAŁ PIOTRAK

SCIENCE FICTION COMPETITION WINNER

ARTWORK BY LU HAN 
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W acław Sierpiński woke up 
feeling dizzy.  

He’d had a rough couple of 
days. Hours and hours spent with a pen 
and paper, aggressively staring at mon-
strous equations and diagrams which 
refused to yield answers. If anyone had 
seen him at that time, they would have 
thought he had gone insane. Nothing 
could be further from the truth. He 
was simply a mathematician. Sierpińs-
ki, half-asleep, started his daily routine 
with an old, cold mug of tea and yester-
day’s newspaper.  

Or so he thought.  
He reached to the bedside table for 

the mug and suddenly felt a terrible 
pain tearing his arm apart and propa-
gating abnormally through his body. He 
opened his eyes in terror and screamed 
as he saw his arm stretching to an un-
natural length as it travelled to the other 
side to the room and back, holding his 
favourite mug. The mug… Well, he was 
certain that it was his mug, although it 
did not resemble one anymore. The ob-
ject in his hand was constantly chang-
ing, bending and stretching! It seemed 
more like a fluid than solid material. 
When it reached the doorknob, it took 
the actual form of a mug - but only for a 
moment. The only constant, unwarping 
thing he could see was – an ear? Or rath-
er, an ear-like attribute. A hole, basically.  

An ear, a hole… Sierpiński started 
thinking.  

His neurons finally got used to the 
weird geometry and started firing rap-
idly in a desperate effort to decipher the 
situation. He focused all his energy and 

all his intelligence, forcing his twisted 
and abnormally curved brain to work as 
hard as possible. He centred his atten-
tion on what he knew, the one and only 
consistent thing in this world – the hole. 
Or rather, holes…  

He looked around. The place certain-
ly did look like his room – just changed, 
as if it were painted by a sick surrealist. 
Everything was bent, curved, twisted 
but never broken. He looked at the key-
lock, the window, crack in the ceiling, 
that bloody mug. All these things were 
transformed so that they each had an 
absolute loss of structure, yet one con-
stant thing remained. The number of 
holes. This rule he had discovered did 
seem familiar. He had seen it every sin-
gle day throughout his academic life. All 
the pieces of the puzzle finally started 
to form into an image. A warped image, 
but an image nonetheless. He was in his 
room, but not in his world… 

‘Mój Boże!’ He exclaimed, both terri-
fied and astonished – I’m trapped in ab-
stract geometry! 

The topology of the world was not Eu-
clidean but he had an idea of what kind 
of space it was.  

He reached for a star-shaped object 
from the bedside table - a glass snow 
globe, a souvenir from a conference in 
Lviv. As he moved his hand towards the 
ball, his arm stretched and curved un-
naturally towards the doorknob, where 
it twisted and reached back for the 
globe. His arm was bent in the shape of 
a freaky triangle. It was quite amazing. 
His hand did end up where he intended 
it to go, on the snow globe. It just took a 

longer, more triangular path to get there.  
Well, that’s not quite true. The path 

was the shortest one possible, it's just 
that the human mind, so used to Eu-
clidean geometry, couldn’t accept it. 
Sierpiński would be truly amazed by the 
beauty of this new world and its rules if 
he wasn’t terribly busy with excruciat-
ing pain. Pain in his bones and muscles 
stretching and curving as if some cru-
el force was trying to tear them apart. 
Nothing could break though.  

Everything was being torn, but noth-
ing was actually being torn! Not a single 
cell was damaged, but every single one 
felt as if it was. His poor geometrically 
challenged neurons were screaming in 
all directions as his brain tried to com-
pute an explanation for the horror. He 
focused all his will and threw the ball 
towards the doorknob. As it travelled 
through the air, it was constantly chang-
ing like a kaleidoscope. The light was 
gently sliding on a smoothly changing 
glass surface projecting a magical rain-
bow on the whole room. The ball was 
more and more spherical as it flew, even-
tually becoming a perfect snow globe at 
the doorknob.  

Sierpiński smiled in satisfaction. He 
knew exactly what kind of world he lived 
in – a British rail metric space. Wher-
ever you want to go, you must travel 
through the origin, which happened to 
be by the doorknob. He knew what he 
had to do. He jumped towards the door, 
trying to travel on a line as straight as 
possible, landed, almost without being 
warped and opened the door. And then 
he saw it. The rest of the world. ■

‘The Other Side of the Manifold’ is the winning entry for this term’s sci-fi short story competition. Stories had to depict science 
as it might have been, or as it might be in the future, and relate to the theme of this issue. It was a pleasure reading entries from 
across Imperial College, demonstrating how much imagination and talent we have here on campus. Second place was awarded to 
Mohammad Majlisi for ‘Indus-11’ and third place went to Hana Isphani for ‘Isolation’s Freedom.’ Special thanks to Freya Masters, 
I,Science Online Features Editor, for her work in organising the competition. 
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W estern science is a knowledge sys-
tem rooted in colonial ideologies 
and practices. Academic research 

typically follows the Western science ap-
proach without consideration for other ways 
of knowing. In Canada, those who have lived 
and worked on the land for generations are 
rarely included in the process. There is one 
project in Nova Scotia, however, that is built 
on pairing different ways of knowing for re-
search purposes.

Apoqnmatulti’k is a collaborative study be-
tween the Mi’kmaq – a First Nation belong-
ing to parts of the region known as Atlantic 
Canada – and Western knowledge holders. 
The project tracks highly valued aquatic spe-
cies in key locations across Atlantic Canada 
with the aim of understanding their move-
ments and habitats. This research is shared 
with local communities and provides im-
portant information to the people that de-
pend on these resources for their livelihoods.

TAGGING AND TRACKING: “FIND 
MY ... FISH?”
The project spans the Bras d’Or Lake and the 
Bay of Fundy, two study locations with rich 
fishing histories in Mi’kmaq and local com-
munities. The research team studies three 
highly valued species: American eel, Atlantic 
tomcod and American lobster. These animals 

support local economies and are culturally 
significant to the Mi’kmaq. Atlantic tomcod, 
for example, have long provided communi-
ties with sustenance during the cold winter 
months – a custom neatly conveyed by the 
name “frost fish”.

Locating and studying these animals can 
be challenging: how can researchers track 
and map the mysterious underwater lives of 
their study species? The answer is acoustic 
telemetry. Acoustic telemetry is the “Find my 
iPhone” of aquatic sciences. To track animals 
using this technique, researchers require tags 
and receivers. The tags are either attached or 
implanted into the animals, while receivers 
are set up in their habitat. Once active, the 
tags emit a pulse of sound. If the tagged spe-
cies is within range, this pulse is detected by 
the nearby receiver. One by one, these sig-
nals map out where and when the animals 

are moving, recording essential information 
for their conservation.

“If we don’t know where animals are, 
where they move, and what habitats they 
survive and thrive in - especially in the face 
of changing environments - there is simply 
no way we can effectively manage our ac-
tions or enact conservation measures to pro-
tect species and their habitats”, says Dr. Sara 
Iverson, Scientific Director of the Ocean 
Tracking Network.

"Acoustic telemetry is 
the 'Find my iPhone' of 

aquatic sciences"

SOFIA GOULART

Apoqnmatulti’k
(We help each other)
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TWO-EYED SEEING
The overarching purpose of understanding 
the movements of valued animals brought 
the Apoqnmatulti’k team together, but this 
collaboration has resulted in something 
greater than the specific research outcomes. 
It provides a model for how different knowl-
edge systems can come together through 
the guiding principles of Two-Eyed Seeing. 
Originally conceptualised by Elder Albert 
Marshall, Two-Eyed Seeing allows for the 
creation of new knowledge through different 
knowledge systems coming together.

Indigenous trust in academic institutions 
has historically been broken by empty prom-
ises of inclusion and equity. The co-produc-
tion of knowledge informed by Two-Eyed 
Seeing is a positive step towards rebuilding 
this trust. Everyone has an equal seat at the 
table and contributes valuable knowledge to 
the research process. “The Mi’kmaq have a 
prominent role in Apoqnmatulti’k. We offer 
a different way of doing things that challeng-
es conventional scientific research methods”, 
says Shelley Denny, a key stakeholder in the 
project and Director of Aquatic Research 
& Stewardship at the Unama’ki Institute of 
Natural Resources.

Denny explains that conducting a project 
that highlights multiple ways of knowing is, 
of course, not without its challenges: “Apo-
qnmatulti’k offers the space to not only in-
tegrate different knowledge systems, but to 
provide the foundations of understanding 
that our knowledge systems will collide. We 
help each other through those collisions.” 
Building meaningful relationships takes 
time, but once that trust is established, voic-
es that have been silenced by western science 
feel comfortable sharing their knowledge 
and building a project through the lens of 
Two-Eyed Seeing.

"Indigenous trust in 
academic institutions 
has historically been 

broken by empty 
promises of inclusion 

and equity"

FORWARD THINKING
The project is entering its final stage with 
plans to wrap up in the fall of 2022. However, 
the team hopes to move into a new phase of 
research to build on the knowledge gathered 
and relationships established during the last 
three years. Thanks to the collective effort 
from various knowledge holders, the proj-
ect has deployed 113 receivers and tagged 
around 350 animals across the study sites. 
The initial findings provide new information 
on the movement of species in their envi-
ronment and moving forward, will be used 
to inform stewardship efforts. While the sci-
entific findings are impressive, the important 
outcome of this research is the strong foun-
dation of partnerships that will last far be-
yond the project end date.

Traditional and local knowledge is high-
ly valuable for stewardship efforts. Moving 
away from strictly western ways of conduct-
ing science can lead to more inclusive and 
better-informed research. Apoqnmatulti’k 
provides a model representing the immense 
strength that can be achieved by working to-
gether. ■

Sofia Goulart is an MSc Science 
Communication student.
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If you enjoy baking, you will probably agree  
that it is easier to weigh all the ingredients 
out before you start. Line them up in the 

right quantities and you get a better over-
view of the process. Of course, what comes 
out of the oven looks nothing like its individ-
ual components – hence the horrified look 
when people find out how much butter is in 
that brownie. Electronics, like brownies, are 
the product of many different ingredients. 
But have you ever paused to consider exact-
ly what those ingredients might be? And if 
some of them wreak havoc on ecosystems 
and the health of local communities?

'Materialism' is an ongoing research proj-
ect by Studio Drift in Amsterdam, which 
deconstructs manmade objects into the raw 
materials needed to manufacture them. The 
result of each investigation is a cubist sculp-
ture composed of rectangular blocks of ma-
terials. A pencil, for instance, was broken 

down into a simple geometric trio of wood, 
graphite and paint. 

Among the familiar objects that Studio 
Drift artists have “de-produced” are sev-
eral electronic devices. Smartphones, for 
example, are made of a myriad of materials 
forged together by clever design. In fact, it 
takes about 100 kilograms of raw materials 
to build just one smartphone, excluding the 
many litres of water and chemicals used in 
the process. The artists described the quanti-
ty of materials used in electronic items, par-
ticularly the amount of plastic and copper in 
electrical cables, as “startling”. 

E-waste refers to all the electric and 
electronic devices we discard. It is the fast-
est-growing waste stream worldwide. Ev-
ery year in the UK, each of us throws out a 
jaw-dropping 25 kilograms – equivalent to 
36 iPads – of electronics deemed redundant 
or out-of-date. This includes large house-
hold appliances like fridges and washing 
machines, as well as smaller equipment like 
TV screens, toothbrushes, broken cables 
and toasters. Our insatiable appetite for 
electronics is starkly illustrated by the fact 
that, in 2020 alone, Apple released five new 
phone designs while Samsung released 15. 
It does not simply boil down to the crav-
ings of crazed consumers. No: electronics 
are designed to fail. Planned obsolescence is 
a business strategy to artificially reduce the 
lifetime and style trends of devices. When 
they become obsolete, it is often cheaper to 
replace electronics than to repair them, fu-
eling an endless cycle of consumption and 
junk.

I say junk – that’s not what e-waste is. 
The metals and other ingredients baked into 
electronics are valuable enough to provide 

SASCHA PARE

A recipe for disaster: 
tackling toxic e-waste

"It takes about 100 
kilograms of raw 
materials to build 

just one smartphone, 
excluding the many 
litres of water and 

chemicals used in the 
process"
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an incentive to recycle. But planned obsoles-
cence extends to the afterlife of devices: it is 
near impossible, for example, to disassemble 
an old iPhone and salvage its parts. The ma-
terials are glued together and very hard to 
pick apart. On top of this, many components 
such as lithium-ion batteries and the mag-
nets in speakers cannot be recycled. That is 
not to say that we cannot or should not do 
better. Globally, just 20 per cent of e-waste is 
properly collected and recycled. The remain-
ing 80 per cent is undocumented and buried 
in landfills, often in the Global South.

The Basel Action Network (BAN), a 
non-profit organisation based in Seattle, 
USA, follows e-waste around the world. 
BAN bugs electronics with secret GPS track-
ers, then drops them off at local recycling 
facilities. The web of export paths extends 
to remote locations in East Asia and Afri-
ca, where workers dismantle e-waste to ex-
tract raw materials which they can sell on to 
scrap dealers. For lack of safer methods, this 
means burning the plastic and rubber insu-
lation around cables or smashing screens to 
retrieve prized metals. The melted casings 
and powdered components release toxic 
fumes and poisonous chemicals which can 
cause health impairments, such as severe 
damage to their respiratory system. Per-
sistent organic pollutants and heavy metals 
like mercury, cadmium and lead leach into 
soils and waterways, contaminating the 
environment. Whereas the West is dispro-
portionately responsible for the consump-
tion of electronics, it is the rest of the world 
that bears the brunt when we discard them.
In Agbogbloshie, Ghana, upwards of 4,000 
people trawl through the world’s largest 
e-waste dump to recover valuable elements 
such as copper and gold. The “burner boys” 
who incinerate cables and circuit boards for 
a living have often moved across the coun-
try after struggling to find work elsewhere. 
They live in slums neighbouring the moun-
tains of computers, wires and refrigerators, 
creating further economic opportunities for 
food vendors. Health surveys have found 
that these communities have elevated levels 
of heavy metals in their blood. Lead levels 
in the soil reach 2,000 parts per million in 
some areas, five times the safe limit recom-
mended by the World Health Organisation. 
The long-term health effects of e-waste pol-
lution are poorly researched but range from 
liver and lung damage to skin disorders and 
cancer. The effects are thought to be particu-
larly harmful for pregnant women, leading to 

stillborn and premature births.
“Most people see Agbogbloshie as a waste 

dump,” says Bennett Nana Akuffo, project 
manager for Green Advocacy Ghana, an or-
ganisation promoting sustainable projects in 
the country. “It is a service we are rendering 
to ordinary Ghanaians. Yes, it’s bad, but it’s a 
service we need. If Agbogbloshie didn’t exist, 
what would happen to our old vehicles, re-
frigerators, TV sets and all that?”

The stream of discarded electronics flood-
ing into developing countries is on course to 
increase by 40 per cent this decade, rapidly 
turning into what the UN has called a ‘tsu-
nami of e-waste’. We are not powerless in its 
wake – companies and consumers can turn 
the tide by adopting circular economy pol-
icies. Design, repair and recycling are the 
three ideological pillars of this approach, 
which support more socially and environ-
mentally responsible practises. It makes eco-
nomic sense too, considering the $50 billion 
worth of precious metals squandered annu-
ally. Individually, this means carefully sep-
arating electronics from other recyclables 
and taking them to recycling facilities. Col-
lectively, we can push for sustainable design 
and more accessible and affordable repair 
schemes.

Next time you catch yourself lusting after 
the newest generation of AirPods, perhaps 
consider the bigger picture. Electronics are 
like brownies: knowing the butter content 
will make you think twice. ■

Sascha Pare is an MSc Science 
Communication student. She is also Deputy 
Features Editor for I,Science.

"Whereas the West 
is disproportionately 

responsible for the 
consumption of 

electronics, it is the rest 
of the world that bears 

the brunt when we 
discard them."

FRANCESCO PAGGIARO 
VIA PEXELS
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Indigenous knowledge is crucial for ad-
vancing scientific knowledge. Nowhere is 
this more abundantly clear than in the hu-

mid heat of the Amazon basin. 
The Amazon basin is almost unthinkably 

vast. It covers an area of six million square 
kilometres, spread across eight countries - 
all of which are eventually relieved of rainfall 
by the largest volume of moving fresh water 
on the planet. That is roughly the area of the 
48 contiguous United States. One in 10 of all 
known species call the region home. 

To think that in the few hundred years that 
Western science has focused on the Amazon 
basin, it has surpassed the knowledge of peo-
ples who have lived there for at least 10,000 
years, is pure hubris. Western science prac-
titioners are now starting to wake up to this 
fact. But then we must ask: is this beneficial 
for all parties involved?

Across the globe, Indigenous peoples are 
consistently excluded from both science and 
the science-policy sphere. In the Amazon, 
centuries of oppression at the hands of co-
lonial governments have not only neutered 
Indigenous voices in politics, but also in 
the world of science. Today, a range of so-
cio-economic factors continue to perpetuate 
the poor representation of Indigenous re-
searchers in academia. 

"Pharmaceutical 
companies increasingly 
see the Amazon basin 
as a treasure-trove of 

medicinal riches."
Financial investment, such as grants and 

bursaries, may be a small step in the right di-
rection to shift power back into the hands of 
Indigenous groups. In January, a $3 million 
National Science Foundation Rules of Life 
grant was awarded to an interdisciplinary 
group of researchers working in Ecuador. 

The team, consisting of several members 
of the Indigenous Kichwa and Waorani na-
tions, will investigate how climate change 
and increased global demand for clean en-
ergy is affecting biodiversity in the Amazon. 
The researchers recognise the substantial 
value of Indigenous classification systems - 
which describe species by their complex and 

dynamic ecological interactions with other 
species, rather than by the more rigid sets 
of defining characteristics used in Western 
science. Emerging research, such as studies 
into structural variation in plant chemistry, 
is only now starting to catch up to this long-
held worldview. 

The funding will also support three Indig-
enous-run field stations, providing sustain-
able employment for communities which are 
increasingly fractured by the exploitation of 
rainforest resources.

But not all stories are quite so positive. The 
long-term exclusion of Indigenous knowl-
edge in much of academia may be starting to 
change. Indigenous knowledge is becoming 
profitable. 

With its vast wealth of biodiversity, phar-
maceutical companies increasingly see the 
Amazon basin as a treasure-trove of medic-
inal riches. We use a word associated with 
the gold rush to describe the scouring of the 
Amazon rainforest for valuable compounds 
found in native flora and fauna – ‘biopros-
pecting’. Unfortunately, very few examples 
of ethical bioprospecting exist, and we more 
frequently deal a practice described as ‘bi-
opiracy’. 

Biopiracy is broadly defined as the theft 
of biological resources and knowledge from 
Indigenous peoples. It is often committed by 
institutions which exploit Indigenous knowl-
edge built over millennia to ‘discover’ phar-
macologically active compounds present in 
traditional medicine. Indigenous land is then 
expropriated for the harvesting of these nat-
ural resources. Patents filed with little or no 
compensation to Indigenous peoples may 
even prevent the use or sale of their own 
medicine. Why bother prospecting for gold 
when you can just wait for others to unearth 
it and then shoot them in the back?

Perhaps it’s valuable to stop and ask our-
selves - is the incorporation of Indigenous 
knowledge into Western science always a 
good thing? 

In 2017, the second volume of a 1000-
page encyclopaedia was completed by the 
Matsés peoples of Brazil and Peru. The en-
cyclopaedia, written by five Matsés shamans 
in collaboration with the conservation or-
ganisation Acaté, details the plants used in 
their traditional medicine to cure a variety of 
ailments. However, the text was only print-
ed in the Matsés native language – it will 
never be translated into English or Spanish 
and includes no photographs of plants which 

would be easily recognisable to outsiders. 
The encyclopaedia is an enigma, only deci-
pherable to those to whom the knowledge 
belongs.

Unfortunately, the Matsés shamans had 
good reason for this decision. The skin se-
cretions of the giant monkey frog, which 
produce a state of altered consciousness in 
humans, have long been used in traditional 
hunting rituals by the Matsés. After word 
got out of the powerful effects of these tox-
ins, many pharmaceutical companies and 
universities raced to file patents on the bio-
active compounds - with no recognition 
of the important role the secretions hold in 
Matsés culture. This is not an isolated inci-
dent. Countless other examples, such as the 
antimalarial compound Simalikalactone E 
stolen from Kali'na and Palikur communities 
of French Guiana, highlight the pervasive-
ness of biopiracy. 

"Indigenous Peoples are 
consistently excluded 
from both science and 

the science-policy 
sphere"

Nearly one in three small-molecule drugs 
approved by the FDA between 1981 and 
2014 was either a natural product or com-
pounds derived from a natural product - it 
is therefore not difficult to imagine how bi-
opiracy will only continue to proliferate.

Caution must be urged. Although the 
growing respect for Indigenous knowledge in 
Western science is long overdue, let’s remain 
vigilant that this doesn’t come at the cost of 
reinforcing pre-existing colonial power dy-
namics. After all, the future of the beautiful 
Amazon basin, its extensive biodiversity and 
the many peoples who call it home may hang 
in the balance. ■

Acknowledgement and thanks go to Tod Swan-
son, PhD, Associate Professor at Arizona State 
University, for his input.

Alex Dadswell is an MSc Science 
Communication student. He is also a News 
Intern at Imperial College, London.

Indigenous knowledge 
in the Amazon
ALEX DADSWELL

environment

24



Amazonia Poem

everything becomes intentional when you live amongst the trees 
harmony becomes a necessity 
the clouds and roots deliver the news 
the body adorned in paint made from fruit 
death is never too far away
so the beauty of life is held in its rightful light 
sacrificing self to the elements
in hopes that the next harvest will come on time 
they ask us to take a step into nature
to consider that...
only by mother earth’s guidance may our world be made right 
only through deep connection may we reach true insights 
yet knowledge is not meant to be taken 
How do you expect that knowledge to awaken on your day-to-day basis without the proper wisdom accompa-
nying it? 
there is no cheat code for being tuned in
it will take time and effort emerging from within 
and a devotion to the flora and fauna –our sacred earthly kin 

Mayah Pico is an MSc Science Communication student.

BY MAYA PICO

Wait, Mother Nature Has a Few 
Words for You Too
MAYAH PICO

ARTWORK BY MAYAH PICO
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ART OF THE ISSUE

La Divina Envuelta en Huevo juxtaposes welded steel with a deceptive organic form, illuminating a fascination with voluptuous figures 
that we have had since at least 35,000 years ago. Figurative art across time and cultures, like the Venus of Hohle Fels (40,000-35,000 
BP), Gabarnmung rock-art site (> 28,000 BP) and Jōmon Dogū (14,000-400 BC), is evidence of the cognitive abilities unique to humans. 
Even 100,000 years ago, our ancestors were in the Blombos Cave of modern-day South Africa demonstrating the beginnings of an active, 
creative mind as they manufactured and used paint.

La Divina Envuelta en Huevo
Nina Gonzalez-Park

26

creative



Food for thought: plant diagrams and evolutionary predecessors, construction of pyramids and conception of ancient calendars, 
numeral systems and primeval experimentation, engineering of early transportation and Indigenous knowledge of the natural world. 
What did science look like before we coined the term "science" and restricted what contributions to the mainstream scientific world 
could look like? This piece traces the history of scientific thought and its manifestations back to their origins. It directs our attention to 
the people, places, plants and projects that have shaped the human quest for calculated knowledge.

Faces and Forms: Science Before Science
Mayah Pico

ART OF THE ISSUEART OF THE ISSUE
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Our cultural heritage is defined by 
texts such as Euclid’s books, Shake-
speare’s works and the paintings of 

old masters. Preserving this heritage is key 
as it defines our history and shapes who we 
are as individuals and as a society. Many ar-
tefacts we produce today are digital in nature 
already. Others, such as Newton’s papers, are 
scanned and digitised for public view. The 
preservation of this digital data, however, is 
at risk since the price to store all artefacts is 
simply too high – a particular problem in the 
developing world. Ongoing research at Im-
perial College is working on a solution to this 
problem by looking inside ourselves – what 
better way to store data than the molecule 
that encodes life itself? What if the answer 
lied in our DNA?

Today’s storage technology revolves 
around hard disks and magnetic tapes which 
are ill-suited to preserve important data over 
decades. Disks and magnetic tapes are short-
lived, lasting only 15 to 20 years. This means 
that if we are to preserve data for future gen-
erations, the data must be copied between 
storage media in a costly process every few 
years. In theory, magnetic tape could store 
data for over 20 years, but the incompati-
bility between tape generations means that 
migration is necessary every six to 10 years. 
Our data is, in fact, held hostage in magnet-
ic tape by a progressing technology. What’s 
more, the process of regular data migration 
also produces substantial electronic waste.

Our current storage technologies are not 
only obsolete, but also require a lot of storage 
space and energy.  A digital data library that 
contains an entire culture’s history would 
require significant and stable infrastructure. 
Apart from the land mass required to set up 
a 24/7 functional facility to house all these 
tapes and disks, a constant supply of power 
is needed to continuously cool and maintain 
them, even when data is neither written nor 
read. In addition, hard drives must be spun 
occasionally to keep them operational, and 
magnetic tape requires spooling. The need 
for strict environmental conditions and up-
keep adds to the cost and leads to consider-
able carbon emissions. 

A promising solution to this problem is 
the use of synthetic DNA as storage media. 

Arbitrary data is encoded in a sequence of 
nucleotides (the building blocks of a DNA 

molecule) through a process called DNA 
synthesis and read back through DNA se-
quencing. What makes synthetic DNA at-
tractive as a long-term storage media is its 
longevity: DNA can last for several hundreds 
of years even under minimal environmental 
conditions. Since it is so durable, minimal 
cooling is needed to preserve the data. Its 
longevity also means that no migration be-
tween storage media is needed, thereby re-
ducing cost and waste. The building blocks 
for DNA are also abundantly available and 
we already know how to read it back. The 
process of reading data back from DNA has 
eternal relevance since we will always be able 
to read DNA, which is especially important 

when recovering culturally significant data 
in the future. Finally, DNA promises an in-
credible density of information, with only 
~15 atoms per bit. This means that a digi-
tal library would require less land mass and 
would be easier to physically move. It could 
also survive on a limited amount of power 
for a longer time. All these are important for 
the existence of data libraries in places where 
infrastructure conditions are unstable, such 
as in developing countries.

At Imperial College, we are working on all 
aspects of DNA data storage. These include 
mapping 0s and 1s into DNA sequences 
(similar to audio and video codecs); the writ-
ing of it (synthesis); the way it will be han-

"All these are 
important for the 
existence of data 
libraries in places 

where infrastructure 
conditions are 
unstable, such 

as in developing 
countries."

Preserving the world’s heritage with DNA
 THOMAS HEINIS , SENIOR LECTURER IN COMPUTING

dled and curated; its sequencing; and finally 
mapping it back to binary. The synthesis of 
DNA was until recently the domain of phar-
maceutical and life sciences. As such, the 
cost of synthesis has been a major roadblock 
for the adoption of synthetic DNA as a stor-
age medium. To reduce the price of synthetic 
DNA for data storage, we need to re-engi-
neer DNA synthesis. By taking a co-design 
approach, we can speed up the process and 
lower the cost of DNA synthesis while taking 
advantage of the fact that we can manipulate 
how data is mapped to DNA sequences. We 
experiment with different methods to fit as 
much data as possible into a DNA sequence 
and work on error correction methods to en-
able the retrieval of data with high fidelity. 

The team at Imperial College also explores 
how to store the data in the long term. More 
specifically, we study how to keep DNA sta-
ble, even at room temperature and with min-
imal demands regarding humidity, light and 
air quality. Doing so is crucial as it means lit-
tle or no errors are introduced due to decay. 
We also improve the accuracy of the reading 
process through sequencing. For example, 
we improve machine learning methods to 
enhance their accuracy. 

Our work at Imperial College will make 
storing culturally important data in DNA a 
reality much sooner. Our work is not only 
scientifically important but also has imme-
diate practical impact. Specifically, we work 
with multiple organisations and institutions 
which need to preserve culturally important 
data in the long term. For example, we work 
with the Danish National Archives to encode 
and store culturally important paintings 
by King Christian IV dating from between 
1583-1591, to preserve them for posterity. 
We also work with the Tamil Nadu Archives 
in India to preserve some of the most im-
portant scriptures for generations to come. 
This is of particular relevance as preserving 
the cultural heritage of the developing world 
is a major challenge. Creating a storage me-
dia that is cheaper and more stable in ad-
verse conditions will enable us to successful-
ly write and preserve our history, ensuring 
that we are all winners. ■

Thomas Heinis is a Senior Lecturer in 
Computing at Imperial College, where he 
leads the SCALE Lab.
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A yurveda is one of the oldest systems 
of medicine in the world. Its use in 
India may have been the world’s first 

organised, institutionally based medical pro-
vision.  

While Ayurveda is predominantly about 
teaching us to lead a healthy life, it has two 
aims: to maintain the healthy state of a nor-
mal human being and to treat disease when 
necessary. This system of medicine is root-
ed in preventative, promotive and curative 
measures. It provides suggestions on how 
to lead a healthy life and stresses the impor-
tance of seasonal regimens and how our life-
style must change to adapt to how our body 
changes with each season.  

The science behind Ayurveda is based on 
the Panchamahabhoota (or the ‘Five Element 
Theory’). Every aspect of our body is also 
made up of the five elements: fire, water, air, 
earth and ether. Every aspect of our health 
is rooted in the relationship between these 
elements.  

According to Ayurveda we all have three 
doshas – vata (wind), pitta (bile) and kapha 
(phlegm) – and the way they interact dictates 
our health. The term ‘dosha’ originates from 
Sanskrit and can literally be translated to 
‘that which can cause problems’. In Ayurve-
da, balance is key. The body is balanced by 
these three free-flowing doshas, which act 
as lifelines the body. Thus, maintaining the 
balance between them is crucial for a healthy 
life.  

The body is always trying to strike a bal-
ance. It is trying to conserve, transfer and 
utilise energy simultaneously and Ayurveda 

believes that balance is best maintained with 
diet and exercise, which directly impacts 
the levels of each dosha in our body. Even 
though the body can self-regulate, it can be 
easy for the doshas to become imbalanced.  

Along with the doshas, a key concept in 
Ayurveda that connects fundamentally to 
Western medicine is the concept of Prakriti, 
or otherwise known as our ‘natural constitu-

tion’. This is our fundamental configuration 
(including the composition of the doshas), 
which can be genetically determined, thus 
setting up the framework for an interdisci-
plinary understanding of our genetic make-
up.  

Ayurveda believes there is an intricate re-
lationship between our bodies and the en-
vironment that surrounds us. In Ayurveda, 
the body is considered to work together as a 
whole. No singular part works in isolation, so 
the entire body is therefore impacted by the 
environment, especially the cycle of seasons.  

Though there is a spiritual aspect of 
Ayurveda, there is also a clear understand-
ing that physical ailments are related to 
imbalances in the body and are not due to 
forces completely non-material forces. Phys-
ical conditions were, for example, not due 
to some divine punishment in Ayurveda. 
Ayurveda was clearly understood to be a sci-
ence with philosophical aspects but was not 
solely a philosophy. 

These foundational principles of Ayurveda 
led researchers to draw connections to West-
ern medicine through the concept of epi-
genetics. Ayurveda holds a belief similar to 
epigenetics in the sense that it understands 
each body as unique. Thus, Ayurvedic con-
cepts led to the development of personalised 
preventative medicine. We are now seeing 
emerging research in Western medicine that 
corroborates the science behind Ayurveda: 
the belief that food and environment play a 
crucial role in overall health.  

The Ministry of AYUSH (Ayurveda, Yoga, 
Naturopathy, Unani, Siddha, Sowa-Rig-
pa and Homeopathy) has successfully in-
creased the credibility of natural systems 
medicine. Their treatments for COVID-19 
were recognised by India and was included 
in the national protocol in the fight against 
COVID-19. Some of the measures as part 
of this protocol included diet changes, yoga 

exercises and Ayurvedic medicines to help 
control and maintain COVID-19 symptoms. 

Emerging fields such as Ayurgenomics in-
tegrate Ayurvedic concepts of Prakriti with 
modern genetics research. This field of study 
is based on the idea that our ‘natural consti-
tution’ has a genetic connotation, a specific 
genome sequence for each Prakriti type that 
impacts each person's metabolism. Further 

research in this area pushes for Ayurvedic 
principles to be embedded in personalised 
preventative medicine.  

For Ayurveda to be appreciated by West-
ern medical researchers, this traditional sys-
tem of medicine needs to be understood in 
terms of modern science. This is why there 
has been an increase in Ayurvedic research-
ers publishing their research on Western 
platforms. Many believe there is real scope 
for Ayurveda and Ayurgenomics to provide 
a framework for personalised medicine. It 
would go beyond the usual reductionisms in 

the scientific method – this interdisciplinary 
effort would study whole biological systems, 
providing a universal perspective to the na-
ture of life, health and even cell biology.  

There is no denying that there is a future 
for an integrated medical practice, and I can 
witness it in my personal experiences as well. 
I was first introduced to Ayurveda over a 
decade ago when I had a severe scalp condi-
tion that I could not manage with medicated 
shampoos and conditioners. I underwent a 
weeklong treatment and followed that up 
with two months of a strict food and exercise 
regimen. I was able to control my condition, 
and years later it has still not flared back up. 
In another instance, I once again used a sim-
ilar Ayurvedic regimen comprised of exer-
cise, medicine and diet for a lower-back con-
dition (multiple degenerated discs) and as a 
result now lead a healthy and mostly pain-
free life. I see a future where these systems 
of medicine are integrated with useful ways 
and equal respect and value to both systems.  

Vaishnavi Mohan is an MSc Science 
Communication student, and sub-editor for 
I,Science.

Ayurveda: 
A brief introduction to the science of life
VAISHNAVI MOHAN

"In Ayurveda, 
balance is key"

"Ayurveda was 
clearly understood 

to be a science 
with philosophical 

aspects..."
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Outside the doors of the Langham 
Hotel, at the heart of Hong Kong’s 
shop-till-you-drop Tsim Sha Tsui 

district, there stands a lone guard wearing a 
white apron and turquoise rubber gloves. He 
glares ominously at passers-by, as if warning 
them not to enter. This establishment, like 
more than 40 others, has been designated as 
a quarantine hotel – a place where inbound 
travellers must reside for at least two weeks 
without leaving. 

The Langham, once a lively hotel occupied 
by wealthy tourists and those on the upper 
echelons of Hong Kong’s social ladder is 
now, in essence, a luxury prison. It is 2022, 
and this is Hong Kong’s current world. 

While many countries have begun 
re-opening their borders and “living with the 
virus”, Hong Kong remains relatively isolat-
ed. To understand why, we must take a step 
back and look at the history, politics and cul-
ture behind this multi-faceted metropolis.

The city, like so much of the world, was 
previously a British colony. It held that status 
for a century-and-a-half before being turned 
over to China in 1997. British rule shaped 
much of the Hong Kong one would see on 
an overpriced museum postcard. After all, it 
was during this time that the city established 
itself as an economic and cultural hub, acting 
as a bridge between East Asia and the West-
ern world. 

Despite its colonial history, however, the 
pandemic responses between Hong Kong 
and its former rulers have differed signifi-
cantly. The United Kingdom has been phas-
ing out restrictions and its government seeks 
to erase evidence that normality was ever 
disrupted, even as the country experiences 
hundreds of thousands of daily coronavirus 
cases. In contrast, Hong Kong has adopted a 
“zero-COVID policy” consisting of extensive 
quarantine periods, intensive testing regimes 
and swift lockdowns of entire districts. But 
why did its government take such a different 

approach?
From February to May 2003, Hong Kong 

experienced a deadly outbreak of the SARS 
coronavirus, and the city’s ill-preparedness 
for it resulted in over 200 deaths. Once the 
disease started to spread, hospitals couldn’t 
contain it, and were quickly overwhelmed. 

Doctors and nurses were camping out in 
their clinics, terrified of going home for fear 
of spreading SARS to their families. Patients 
with life-threatening illnesses, such as brain 
tumours, had their operations forcibly de-
layed. The outbreak left an everlasting mark 
on citizens, and it may be the case that the 
current pandemic has reopened old wounds. 
Since early 2020, the government, perhaps in 

fear of hospitals once again being swamped, 
has been hiding the city under a protective 
but mercilessly cold blanket of restrictions. 

However, the highly transmissible nature 
of the Omicron coronavirus variant means 
that these rules are not as effective as they 
once were and the goal of “zero COVID” is 
no longer feasible. The city’s lagging vacci-
nation rate hasn’t helped. But to understand 
this, we’re going to have to dig a little deeper. 

Since 1997, Hong Kong’s government has 
been operating under a “One Country, Two 
Systems” regime. That is, it is formally part of 
China but is governed differently in compar-
ison to the mainland, possessing its own ju-
diciary and government. This system is sup-
posed to remain in place until 2047, when 

How Hong Kong’s cultural identity 
shaped its pandemic response
AARON KHEMCHANDANI 

"The Langham, 
once a lively hotel, 
is now, in essence, 

a luxury prison"

the 50-year “transition period” following the 
British handover comes to an end and Hong 
Kong becomes one with China. 

However, tensions have risen following re-
peated attempts by the Chinese government 
to speed up this process of integration by 
infringing on the rights that the Hong Kong 
people have grown accustomed to, such as 
freedom of expression and a free press (rel-
ative to China, anyway), leading to countless 
protests. Over the past two years, the disdain 
held by locals towards their government 
and its recent actions has manifested itself 
through, among other things, hesitation in 
accepting government-sanctioned vaccines. 

The Chinese government, with its over-
arching aura of control, essentially gets the 
final say on all major legislative decisions 
made in Hong Kong – including those per-
tinent to its coronavirus response. Because 
China’s faith in the zero-COVID model is 
unwavering, Hong Kong’s must be too, even 
if the public desire to shift away from it.

Hong Kong’s fear of “living with COVID”, 
though understandable, is starting to cast 
a deeply bleak shadow over this global city. 
Asia’s cultural and economic hub – once 
blooming – is now starting to wilt. 

Several prominent scientists have come 
out against current pandemic policies, but 
the government seems determined to make 
them work despite their increasing irra-
tionality. Should these strategies remain in 
practice, Hong Kong’s unique place in this 
ever-confusing world may be under serious 
threat. Service industries will keep suffering, 
and borders will remain relatively impene-
trable. Although clouds of uncertainty con-
tinue to loom over its future, one thing is for 
certain: until Hong Kong’s guard is lowered, 
the one outside the Langham will most cer-
tainly remain in place.  ■

Aaron Khemchandani is an MSc Science 
Communication student.
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The Chinese scientists 
that cracked the 
universe’s mirror
JACKLIN KWAN

LEFT:
ARTWORK BY LU HAN
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ly. Space is inverted: this transformation is 
commonly expressed as space coordinates 
being the negative of each other. 

It was long assumed that nature did not 
play favourites between the left and right 
hand. It would be impossible to distinguish 
our universe from its mirror reflection if we 
were observing its physical laws, a quali-
ty known as ‘parity conservation’ or ‘parity 
invariance’. Parity conservation certainly 
seemed to be the natural law in many exper-
imental observations. 

Aesthetically, also, it was pleasing to think 
that our reality and its mirror inversion were 
symmetrical. It definitely fit into a Confucian 
worldview, where all things consisted equally 
of Yin and Yang – complementary opposites.

However, there was trouble in paradise. 
There had been some experimental findings 
to suggest that parity was not being con-
served in some particle interactions and Yang 
and Lee worked tirelessly to resolve these 
mysteries. At a conference in April 1956 the 
two physicists proposed that in “weak inter-
actions” parity was being violated. 

The most well-known example of a weak 
interaction is radioactive beta decay. This is 
when a relatively heavy atom (like carbon-14, 
composed of six protons and eight neutrons) 
becomes more stable by emitting one elec-
tron – otherwise known to particle physi-
cists as a beta-particle. 

Yang and Lee had examined the experi-
mental evidence in favour of parity conser-
vation, and found that none of them were of 
weak interactions. They then proposed an 
experiment that, if it worked, would make 
it possible to differentiate the universe from 
its mirror reflection. The experiment goes as 
follows: choose an atom that decays via beta 
decay. Get a sample of those atoms and make 
sure they are oriented in the same direction 
in space. Then count the number of electrons 
that are emitted in each angular direction. If 
parity truly was invariant, electrons would 
be emitted in no particular direction. 

A brilliant experimentalist – Chien-Shi-
ung Wu – answered the challenge. During 
the war, Wu had worked on the Manhat-
tan Project, a US-led project to develop the 
world’s first nuclear weapon, while also being 
a researcher at Princeton. Wu was the first 
female faculty member in the history of their 
physics department. 

Wu dedicated herself to validating Yang 
and Lee’s proposal. Her eventual experi-
ment would be a technical feat in ways that 
are too profound to go into detail. One such 
achievement was to use strong magnetic 
fields to orient a sample of cobalt-60 atoms 
at extremely low temperatures (even lower 
than what would could be achieved by liquid 
helium). 

Wu’s experiment proved her colleagues 
right, winning the two men the 1957 Nobel 
Prize (a prize that was not shared with Wu). 
However, Yang and Lee were still the first sci-

T he year was 1942, and the Japanese 
military had just invaded Kunming, 
China, as part of its accelerated of-

fensive to fend off Allied attacks. Tsung-Dao 
Lee, a young man born in Shanghai, found 
his studies being interrupted a second time. 

Lee was studying physics at Southwest 
Associated University when the Japanese 
invasion happened, but his studies were also 
interrupted by the war years earlier, while he 
was attending middle school. He was forced 
to complete much of his education inde-
pendently. 

Lee would end up only finishing two years 
of university. Despite this, it was evident 
that Lee was exceptionally talented, with a 
unique aptitude for mathematics. Although 
he did not graduate with a diploma, he re-
ceived an opportunity to pursue graduate 
studies in the US and would later find out 
that the Department of Physics in the Uni-
versity of Chicago had made a special excep-
tion to admit him. In Chicago, Lee was the 
only theoretical student supervised by 1938 
Nobel laureate Enrico Fermi. Lee later said 
that Fermi called him solely by his last name, 
rather than Tsung-Dao, because it was “too 
hard to pronounce” – speaking to how rare 
Asian scientists were in the US.

In 1950, Lee was joined by another re-
searcher, Chen Ning Yang. Like Lee, Yang 
grew up in wartime in an impoverished 
China. Yang and Lee slowly cultivated a 
long-lasting friendship, even as they took 
up academic positions in different universi-
ties. Lee ended up as an assistant professor 
at Columbia University and Yang went to the 
Institute for Advanced Studies at Princeton 
but the committed duo would arrange to 
meet once a week to collaborate on theoreti-
cal physics work.

"Deceptively simple, 
the concept of parity 
is awkward to express 

mathematically"
Their relationship was deeply fruitful: two 

great minds constantly generating work that 
would electrify the scientific community. 
“Our collaboration was admired and envied,” 
Yang remembered in a 2011 interview. Their 
claim to fame would focus on the novel con-
cept of parity, which came to them as they 
sat in the White Rose café near Columbia 
University. 

Parity is exceptionally important in the 
conceptualization of theoretical quantum 
mechanics. It can be understood as the dis-
tinction between one’s right hand and one’s 
left hand: the two are mirror images of each 
other. Deceptively simple, the concept of 
parity is awkward to express mathematical-

entists of Chinese descent to win the presti-
gious award. Despite the fact that their work 
was done in the US, the two were heralded 
as heroes in China. Yang reflected on the 
meaning of their success to Chinese people. 
He recalled that when the Allied powers oc-
cupied Beijing, they only had a few thousand 
troops stationed in the city but yet were able 
to control the capital of a huge and historic 
empire. “China was down on her knees and 
there was nothing China could do,” he said, 
“Everyone realised that it is because China 
has no modern science.” To him, the Nobel 
Prize was to reverse this self-conscious sense 
of inferiority for generations to come.

"Lee later said that 
Fermi called him 

solely by his last name, 
rather than Tsung-Dao, 

because it was 'too 
hard to pronounce'"

This win was so surprising to some peo-
ple that, in fact, John Campbell Jr., the editor 
of Analog Science Fiction, speculated out 
loud whether the difference between West-
ern and Asian intellectual heritages perhaps 
pre-disposed two Chinese physicists to be 
the first to disprove parity conservation. 
Martin Gardner, a famous mathematician 
and science writer, added to this theory. He 
postulated that the concept of Yin and Yang 
reminds every scientist that within every 
aesthetically beautiful theory, there exists 
some element of ugliness, even in symmetry. 
It is probably now politically inappropriate 
to exaggerate the cultural influences that in-
formed Lee’s and Yang’s contributions. What 
should be noted, however, is that these two 
minds would have been lost – to war, to pov-
erty, to lack of opportunity – if not for ex-
traordinary good fortune.

History-changing discoveries often re-
quire a perfect storm. The right people, giv-
en the right opportunities, crossing paths at 
an opportune time. The nexus between Lee, 
Yang and Wu resulted in the discovery that 
the universe’s mirror was cracked. But per-
haps more importantly, their story shows us 
that scientific serendipity can be generated. 
The good fortune that all three scientists 
were afforded speaks volumes to how widen-
ing the windows of opportunity (even slight-
ly) has the potential to make huge differences 
to future science. ■

Jacklin Kwan is an MSc Science 
Communication student. She is also Co-
Editor of I,Science.
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Salam and his legacy for the Rest 
of the World

It is said that modern science stands on the 
shoulders of giants. Scientists like Albert 
Einstein and Richard Feynman have de-

fined the progress in Physics in the last cen-
tury. If we take a look at the geographical dis-
tribution of Nobel Prizes in Physics, we find 
that very few of the laureates hail from coun-
tries outside of Europe and North America. 
And yet, scientists from these continents are 
only a small part of the global scientific com-
munity, with the majority living in the rest of 
the world. One of the towering giants hailing 
from the Global South was Professor Abdus 
Salam from Pakistan, who accepted the 1979 
Nobel Prize in Physics for his theoretical 
work on elementary particles. What more, 
this great scientist worked at our own Impe-
rial College and in fact was the founder of the 
Theoretical Physics Group.

"With this drive, 
Salam proved how 

electromagnetism and 
weak force could be 

combined into one force: 
the electroweak force."

Before Salam, we understood four basic 
forces of nature: gravity, which is responsi-
ble for attraction between objects with mass; 
electromagnetism, responsible for electric-
ity and magnets; weak force, responsible 
for powering the sun; and strong force, re-
sponsible for binding protons and neutrons 
inside the nucleus of atoms. What made 
Salam different from other physics research-
ers working at the time was his passion for 
unification. He had a relentless drive to com-
prehend the complexity of nature in terms of 
as few elementary concepts as possible. With 
this drive, Salam proved how electromag-
netism and weak force could be combined 
into one force: the electroweak force. He 
then predicted the existence of the Z boson, 
a new elementary particle formulated as a re-
sult of this unification theory. In 1973, exper-
iments confirmed the existence of a current 
made up of these Z bosons; and it was this 

PULKIT GHODERAO

Does theoretical physics have a place in the developing world? The legacy of 
Prof. Abdus Salam

discovery that earned Salam the Nobel Prize 
in 1979.

Having paved the way, other scientists 
could then unify the strong force with the 
electroweak, making up the Standard Model 
of particle physics. This so-called ‘Standard 
Model’ describes how the tiniest particles 
that cannot be further divided (also known 
as elementary particles) interact with each 
other. Some of these particles may be famil-
iar, like the electron and photon. Inciden-
tally, in order to verify the Standard Model, 
experimentalists at the Centre for European 
Nuclear Research (CERN) had to develop the 
World Wide Web. For a person from Paki-
stan, who had not seen an electric light bulb 
until he was 16, to have authored a theory 
which became an indirect milestone for the 
development of the Internet is a testament 
to Salam’s genius. This development also 
symbolises the need for studying the basic 
sciences; although they might not have clear 
short-term applications, they inevitably lead 
to significant long-term advances.

There is no question that basic sciences 
like physics, chemistry, mathematics and bi-
ology play an important role in humanity’s 
progress. Being a theoretical physicist, Pro-
fessor Salam noticed that most of the world 
was severely excluded from his subject. For 
example, while trying to argue for an inter-
national centre for theoretical physics at the 
newly-formed United Nations, Salam recalls 
one delegate telling him: “Theoretical phys-
ics is the Rolls-Royce of sciences – what the 
developing countries want is nothing more 
than bullock-carts.”

There are a few reasons why this is wrong. 
The main one, as pointed out by Salam him-
self, is that theoretical physics (like math-
ematics) requires no equipment. It there-
fore has the potential to be developed at 
a high-level globally, both in terms of the 
quantity and quality of research. After many 
years of negotiation, Salam was successful in 
founding the International Centre for The-
oretical Physics at Trieste, Italy in 1964. Its 
unique associateship scheme allows distin-
guished scientists from the across the globe 
to immerse themselves at the forefront of 
research, with all living and travel costs cov-
ered. This allows scientists to experience re-
freshing cutting-edge research without the 

commitment of relocating permanently. Fol-
lowing the success of this centre, Salam also 
went on to establish the Third World Acade-
my of Sciences (TWAS) in 1983, this time for 
all scientific subjects and not just theoretical 
physics. Today, TWAS functions under the 
United Nations organisation, UNESCO. 

"Being a theoretical 
physicist, Professor Salam 

noticed that most of 
the world was severely 

excluded from his 
subject."

As the first science Nobel laureate from 
an Islamic country, Professor Abdus Salam 
recognised the importance of basic sciences 
from the world he came from. This is reflect-
ed in his Nobel Prize Banquet address:

“The creation of Physics is the shared her-
itage of all mankind. East and West, North 
and South have equally participated in it. 
In the Holy Book of Islam, Allah says ‘Thou 
seest not, in the creation of the All-merciful 
any imperfection, Return thy gaze, seest thou 
any fissure. Then Return thy gaze, again and 
again. Thy gaze, Comes back to thee dazzled, 
aweary.’ This in effect is, the faith of all phys-
icists; the deeper we seek, the more is our 
wonder excited, the more is the dazzlement 
for our gaze. I am saying this, not only to re-
mind those here tonight of this, but also for 
those in the Third World, who feel they have 
lost out in the pursuit of scientific knowl-
edge, for lack of opportunity and resource.”

We owe it to this towering giant of science, 
to celebrate his legacy and make him a bea-
con of inspiration for students and research-
ers from the whole world. 

Pulkit Ghoderao is a PhD student in 
Theoretical Physics.

RIGHT:
KELLY BRIGGS
JOURNEY THROUGH SPACE
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W hen Edward Anthony, a young 
black man, first walked into the 
Holmesburg Prison in Philadel-

phia after being arrested for drug-related 
crimes, it was not difficult for him to under-
stand why the place had been nicknamed 
the ‘Terrordome’. The cells had narrow slits 
in the ceiling for windows, and the stale air 
he breathed in was mixed with the stench 
of rancid meat and grimy cement. At the 
time of Edward’s incarceration, which was 
in 1964, the Holmesburg Prison was already 
notorious for its bloody riots and its history 
of brutality towards prisoners.

One day, Edward was approached by a 
prison staff member. He was asked if he 
would like to participate in an experiment – 
a bubble-bath test being led by the Universi-
ty of Pennsylvania. Edward was hesitant but 
he was continuously reassured that the ex-
periment was safe. What really tempted him 
was the promise of USD $37 – equal to more 
than USD $300 today – upon completing the 
experiment. He really wanted some money 
to buy cigarettes, and since the routine pris-
on jobs only paid about 25 cents for a day’s 
work, volunteering as an experimental sub-
ject seemed like the best option.

The prison staff member’s bribe was a ma-
nipulative form of coercion, because pris-
oners lived in poor financial conditions and 
did not have many ways to make an income. 
Furthermore, while the Nuremberg Code 
specifically emphasised the crucial nature of 
informed consent, the Holmesburg Prison 
researchers clearly disregarded the rights of 
prisoners and used legal loopholes to their 
own advantage. For example, many of the 
prisoners, including Edward, were illiterate, 
which meant that they were unable to un-
derstand the conditions outlined in the ex-
periment’s waiver and were, in most cases, 
forced to sign it without being informed of 
any risks.

On the day of the experiment, Edward 
was taken to a different room. The lead re-
searcher was Dr Albert M. Kligman, one of 
the most famous American dermatologists 
at the time. Edward agreed for an inmate to 
peel off a few patches of skin from his back. 
The inmate then proceeded to spray chemi-
cals on the open wounds.

Within minutes, the experiment’s side 
effects became apparent. Edward began to 
feel nauseous and his mouth filled with a 
bitter taste. He passed out on his way back 
to the cell. Overnight, his condition wors-

ened as “large blisters the size of nickels and 
filled with pus had formed where the patches 
had been”. As the experiment continued, his 
back was in a constant state of itching and 
burning, and his dark brown skin turned red 
around the infected patches.

Dr Kligman’s experiments were being la-
belled as “bubble-bath” and “perfume” tests, 
but the chemicals being used in reality were 
clearly not as innocuous. Over the course of 

20 years (from 1951 to 1974), prisoners were 
exposed to a range of radioactive isotopes, 
skin-burning chemicals, carcinogenic sub-
stances such as dioxin and nearly fatal doses 
of retinoids.

History is tainted by the suffering of pris-
oners like Edward whose major contribu-
tions to scientific development have been 
ignored. You may believe that you are in no 
way connected to the suffering experienced 
by these prisoners. However, the develop-
ment of regularly used products including 
skin creams, detergents, toothpaste, hair 
dye and deodorants can be directly traced 
to the scientific research obtained through 
Dr Kligman’s research. In fact, Retin-A, an 

acne medication that can be found in local 
pharmacies today, is one of his most famous 
inventions, and its development relied on the 
repeated testing of retinoids on prisoners.

The Holmesburg Prison experiments were 
allowed to continue for a long time since 
they had funding from 33 different sponsors 
including Johnson & Johnson, the US Army 
and Dow Chemicals. These public and pri-
vate institutions were able to use their po-
sitions of power for economic gain. Their 
abuse of power even extended to the media, 
where the mistreatment of prisoners was 
brushed over to emphasise the prospect of 
new medical treatments which could benefit 
the world. The $37 reward had seemed big 
to Edward, but it was nowhere close to the 
millions made by Dr Kligman.

Unfortunately, prisoners have long been 
favoured as experimental subjects due to the 
long time they spend in captivity as well as 
their large numbers. These factors were be-
lieved to make experimental findings more 
generalisable to other populations. As vari-
ous officials in the pharmaceutical industry 
later admitted in 1973, prisoners were also 
much cheaper to experiment on compared 
to chimpanzees, and this had tempted var-
ious institutions to invest in Dr Kligman’s 
experiments.

Instead of regretting their past crimes, 
prisoners grow to distrust society when they 
are exposed to violent and unethical experi-
mentation, and this leads to a sharp increase 
in societal crime rates. For example, within 
the Holmesburg Prison itself, the cruel treat-
ment of prisoners (including harsh beatings 
and inedible food) led to a gruesome riot in 
1970, where a large group of prisoners used 
makeshift weapons to demolish the dining 
hall, injuring around 100 people. Riots such 
as these increase the need for greater hospi-
tal and prison capacity, raising the demand 

"As the experiment 
continued, his back 

was in a constant state 
of itching and burning, 

and his dark brown 
skin turned red around 
the infected patches."

I,WRITE COMPETITION WINNER

I,Write is a science writing competition, held by I,Science, for high-school students 
across the UK. Students were invited to pitch our editors their article ideas and the 
top three were selected for one-on-one mentoring. Mentors from the i,Science team 
guided students on how to research, write and edit their pieces. Their final articles 
were then judged and voted on by the entire i,Science team, with the winning entry 
being published in our second issue fo the year.

We were impressed with Diya Asawa’s strong storytelling flair, as well as her ability 
to weave complex ethical arguments with compelling narrative details. We think her 
article about how modern medicine has exploited the often-unseen world of impris-
oned populations is both socially and scientifically significant.

DIYA ASAWA

Science behind the bars
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"Unfortunately, 
prisoners have long 

been favoured as 
experimental subjects 
due to their long time 
in captivity as well as 
their large numbers."

for government funds. If this funding is in-
stead used to develop strong rehabilitation 
programs that employ psychological ther-
apies like restorative justice, prisoners will 
have a chance to break free from their past 
and contribute more positively to the society 
upon reintegration.

Unethical experimentation on prisoners 
should be opposed because a lot of prison 
research is unreliably obtained. For example, 
researchers normally use clandestine meth-
ods which add a layer of uncertainty to the 
experiment’s procedure and results. In some 
of the worst historical cases, researchers 
have even carried out unethical experiments 
out of pure curiosity, without producing any 
useful or reliable research. For example, in 
the 1946-1948 Guatemala Syphilis study, 
prisoners and patients with mental disorders 
were infected with syphilis to test for poten-
tial cures. However, the experimental proce-
dure and research findings were kept hidden 
for decades since they did not provide any 
benefits to the field of medicine.

The scale of impact of prison experi-
ments is undeniable – over nine tenths of 
the Holmesburg prisoners participated in 
Dr Kligman’s horrifying experiments, which 
ended after receiving public backlash in the 
1970s. Hundreds of these prisoners, who 
had acquired long-term physical impedi-

ments, tried to sue Dr Kligman, but judges 
dismissed the lawsuit since the statute of 
limitations had already expired. Therefore, 
the lack of clear legislation surrounding un-
ethical research prevented Dr Kligman from 
taking responsibility for his research.

In the future, ethical guidelines need to 
contain requirements that clearly define 
the background research and evaluations 
that researchers must make before carrying 
out any form of medical testing on humans. 
Consequences for clandestine research need 
to be explicitly outlined as well, including im-

TRACY LUNDGREN
VIA PIXABAY

prisonment, sanctions for the representative 
institution(s) and mandatory compensation 
for the victims. Not only would this prevent 
the use of legal loopholes but also ensure that 
any necessary research on humans (such as 
vaccine testing or personalised treatments) 
is only carried out to provide therapeutic 
benefits for research subjects.

While the Holmesburg prison rightfully 
shut down in 1995 due to its brutal history, it 
still remains as a haunting reminder of how 
humans can abuse their power for personal 
or economic gain. Experiments like Dr Klig-
man’s have intensified the need for compre-
hensive ethical guidelines, which should be 
scrutinised regularly by new sets of eyes to 
include fresh perspectives. The Holmesburg 
prisoners never received justice for the suf-
fering they experienced, but it is the duty of 
our generation to acknowledge the mistakes 
of the past and take responsibility for the 
future. It is the only way we can honour the 
sacrifices made by these prisoners – the sac-
rifices that keep us living.

Diya Asawa is a Year 12 student, currently 
studying in King’s College School 
Wimbledon.
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