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Editorial

In the modern day, the word 'competition' has become associated, and indeed synonymous with,
antagonism and opposition. The emphasis is on competing against. However, if we explore the origins
of the word then a very different picture emerges. Competition traces its origins to the Latin ‘com’,
meaning with, and ‘petere’, meaning to aim at or seek. According to this definition, to compete is to
strive together. The emphasis is on competing alongside, as part of a community united in its pursuit of

excellence and its aspiration to scale new heights.

This concept of striving together lies at the heart of our philosophy of Scholarship for All here at the RGS.
We provide a supporting and nurturing environment where boys are encouraged to be aspirational and
imaginative, engaged and reflective, and to persevere in our collective pursuit of academic excellence and
development of a lifelong love of learning. These are the characteristics and values that lie at the heart
of our ethos and teaching approach and are encoded in our five Learning Habits. As a new member of
staff it has been a privilege and a delight to become a part of and to begin contributing to this culture of

shared endeavour.

The essays contained in this year’s edition of the Journal, whilst just a small selection of the outcome

of this shared endeavour, do perhaps represent some of the highlights of this collective undertaking.
After a COVID-enforced gap it has been a wonderful to witness the return of the Independent Learning
Assignment (ILA). As a bespoke part of our curriculum here at the RGS, the ILA offers students

in the final term of the Lower Sixth the opportunity to develop further the skills of independent
research that are so central to undergraduate learning. Both winning ILA submissions as well as many
of the shortlisted projects are included in these pages, on topics ranging from gene therapy to emoji

interpretation, economic sanctions to supermassive black holes.

The Original Research in Science (ORIS) programme is another unique RGS offering, partnering students
with university departments to complete a period of research during the summer holidays between the
Lower and Upper Sixth. Extracts from the reports of three of last year’s ORIS students are also included,

alongside essays that have received recognition in national essay competitions.

The diversity, innovation and excellence contained within these pages are a testament to the power of
a shared vision and culture of striving together. I hope that you will agree that they make fascinating

reading.

Mrs H Tarasewicz

Head of Scholarship
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Red, Yellow, and Blue:

Analysing Catalan Independence

through Culture

A short-listed Independent Learning Assignment (ILA)

INTRODUCTION

Football fans around the world can taste the atmosphere inside the Camp Nov,
even more so when FC Barcelona score to go 3-O up. However, on the night
of the 1st of October 2017, when the team scored against Las Palmas, there
were no cheers from the crowd. Earlier in the day, the Catalan government had
held an illegal referendum regarding the region'’s independence, which had
led to violent clashes between protesters and police. FC Barcelona closed the
stadium, and the match was played behind closed doors. Independence in
Catalonia has always been a controversial topic. Since the death of Franco in
1975, the idea of an independent or autonomous Catalonia has always been
considered. Years of tension culminated in the referendum of 2017 which has
subsequently led fo the imprisonment of Catalan political leaders such as Josep
Rull and Oriol Junqueras. The referendum is usually linked to the economic crisis
of 2008, or the revise State of Autonomy imposed by the governemnt in 2010.
The culture movements from the 60’s and 70's can help inform and describe
influential reasons for independence. This can be noted through cultural, social,

and political lens.

Independence in Catalonia has a complicated historical narrative with multiple
factors since the era of Franco being shown through in the modern-day
elements such as football, music, and literature. So, what | will attempt to show
in this project is that through cultural forms like art, literature, and music we can
understand critical features of the Catalan independence movement. These
combine fo give the idea that there is a group mentality, where the population
unite around a common cause, which surrounds Catalan independence,

visible today following the referendum. Combining unfamiliar cultural forms

to understand concepts in greater depth, | will demonstrate how suffering,
resistance, progress, and identity are central to our overall understanding of
the independence movement. Overall, we will then see how a combination of
these factors contribute a sense of group identity within the region. By looking
at the art, music, and literature worlds individually and investigating the works
of Joan Miro, Raimon, and Joan Sales, | will show you how suffering is a key
theme through various cultural forms. Beyond this | will look to compare the idea
of identity linking into the suffering. This uses similar forms but in particular the
identity and importance of the language and how this can be represented in
music and literature. Alongside these more abstract cultural concepits, | will look
to use more definite and factual concepts such as resistance where we can see
the difference between the development of direct and indirect resistance and
how that takes many different forms for different people. However, most centrally
I will look at how progress through the Catalan independence movement is
represented in culture and how paintings such as The Hope of a Condemned
Man show us how we can leam about independence through such a simple
piece of artwork. These facfors combine together to give the idea that Catalan

independence is a group unity movement involving the suffering of people,

Dev Atara, Upper Sixth

creatfing an identity, and leading to resistance and progress with the end goal
of independence. This essay will use a range of diverse sources aiming to use
first hand evidence alongside my secondary inferprefation and wider reading
to show you how from Franco to today, Catalan independence has developed,
and culture is the best mechanism to show us this with a particular focus on the
1960s and 70s.

BACKGROUND HISTORY

Before we explore the exact changes that occurred within the period, it is
important to understand why these changes had such a profound effect. This can
be clearly understood by analysing Franco’s actions between 1939 and 1960.
He fought the Civil War against the Republicans, the side who supported the
founders of the Second Spanish republic (1931-36) with a left leaning ideology.
After defeating the Republicans in the civil war, Franco adopted a policy of
limpieza, translated as cleaning. Franco believed in Spain as a single nation, all
united under the Spanish flag and by the use of Castilian, or more commonly
known as "Spanish.” Imposing this on regions such as Catalonia meant that

the regional language of Catalan was reduced to household use as language
was repressed. Newspapers such as Pueblo and television broadcasts from the
region were all in Castilian and in school and Catalan textbooks were replaced
by Castilian versions. Catalan culture was also eradicated as festivals and
tradifions such as La Diada, the Catalan National Day, were banned by the

state, again being replaced by traditional Spanish ones.

Franco's policy was not just limited to cultural genocide, but he also executed
over four thousand Catalans between 1938 and 1953, such as Lluis Companys
i Jover, former president of Catalonia. Throughout the region there were political
dissidents in concentration camps such as socialists, anarchists, and regional
nationalists. Several of these prisoners were believers of Republicanism, as

they had fought against Franco in the Civil War. They still believed in policies
such as regional autonomy, promised by the leaders of the Second Spanish
Republic (1931-36). Hence, Franco had them locked up as he felt they posed

a threat. Another policy was to take a number of new-born babies from their
republican mothers to give to conservative families to adopt. Franco's attempts
to eliminate any foreign influence upon the population were severe, especially
in Catalonia. These people had suffered so much before 1960 and this illustrates
the importance of culture to them. Franco's harsh beliefs nearly eliminated their

history, and they were desperate fo have it back.

ART

One aspect of culture that depicted Franco's actions was art, more specifically
the work of Joan Miré, the most famous Catalan artist of all time. Born in
Barcelona in 1893, he lived in Paris and during the Spanish Civil War, he was
unable to return home to visit his family due to the conflict. This affected him,

and he sympathised heavily with the Republicans. Hence in 1937, he created El
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Segador!, translated as The Reaper for the World Exhibition which took place

in Paris that year. The painting shows a Catalan peasant wearing a barretina
hat, which represents Catalan identity. The hat was previously worn by Catalans
in the 19th century, and children in rural areas during the 1940’s and 50's
continued to do so. It is regularly seen in traditional Catalan folklore dance, to
illustrate the identity of both the dance and the dancer. He shows the symbol of
republican resistance, the clenched fist salute, with his face shaped into a cry of
despair. The peasant had often been used as a symbol of Catalan nationalism
and Miré uses all these symbols to illustrate his support for his home region and
his country. Overall, the Reaper is an illustration of the suffering of the Catalan
people. Furthermore, Miro uses several expressions such as the pained face, and
the fact he uses so many expressions porirays the extent to which his art reflected
the hardship faced by the Catalan people. From this we can infer that the
Catalan people were suffering under Franco, and it emphasises how his policies
had a profound effect upon their way of living. Symbols such as the Barretina
hat make it clear that art was being used to mirror the everyday life in the region
and the suffering faced on a daily basis. culture frequently referenced the
freedoms of the past and artwork served as a reminder of the hurt experienced

by everyone.

Miré had an extremely distinguished art career and one of his final paintings,

The Hope of a Condemned Man?, exemplifies the Catalan social attitude of the
1970's. Miré began painfing it in 1968 but finished in 1974, and it mirrors the
suffering of Salvador Puig Antich, a Catalan activist who was serving time in jalil

after falsely being accused of robbing a bank. He would later be executed®.

The painting depicts three spots of colours, all surrounded by thin black lines that
never meet. The lines not only represent the tragic end fo the young man’s life,

but also the journey of Catalonia as a region.

However, it is important to note here that Miro did not set out fo mirror the
experiences of Puig Antich. Speaking in 1974, he said, “The relationship
between these paintings and the drama of Puig Antich was nof sought at the
beginning,” Miro initially set out to denote the power of creativity despite
oppression, and fo resonate with the suffering of the Catalan population. This is
exactly what he achieved with his incomplete lines, as we can clearly infer his
underlying message. He wanted to demonstrate that whilst Catalan culture had
significantly progressed in the 60's and 70's, there was still some work to be
done. There were obvious signs of progress such as less censorship in the press,
but there was no fully Catalan newspaper. Progress can also be seen through
the very fact that Miro could paint this and send a political message. He was not
pursued domestically and was able to paint freely, representing that Catalonia

as a region had made progress since the early days of the dictatorship.

Overall, the work of Joan Miro clearly demonstrates two ideas in his painting.
Firstly, he resonated with the Catalan suffering. The symbolism present in The
Reaper exemplifies his sympathy for the Catalan population, seen through both
the Barrefina hat and the clenched fist. It is clear that the evenfs of the war have
upset him, and that he wishes to show solidarity and offer support. Symbols such
as the clenched fist and the barretina hat illustrate this, and the extent to which
he portrays this is evident. Furthermore, he references the progress made by

the region, both directly and indirectly. His incomplete lines and use of colour
direcily reference the gains made by the region in the 60’s and 70's, something
which would have please him. Also, the lack of censorship and freedom offered
to artists indirectly illustrates that Catalonia had further progressed. These
paintings are extremely powerful in depicting the foundations of independence,

and the impact they had was significant.

FOOTBALL

Football is a vital part of Spanish culture. It is said to have divided families, but
it has also divided the country. The greatest rivalry within Spain is El Clasico,
played between Barcelona and Real Madrid. Both are giants of the game,
but Barcelona represents Catalonia and the working man whilst Real Madrid
is a symbol of the elite. Their fierce rivalry nowadays actually dates back to the
dictatorship when Franco made Real Madrid the club of the country, using their
success as evidence of the benefits of his policies. This infuriated the Catalan
population as it was a further example of suffering, hence they turned to FC

Barcelona to resist the actions of Franco.

As mentioned before, language repression was a policy of Franco. A general
saying in Catalonia is that during the dictatorship, there were only two places
where Catalan could be spoken safely. One was in the privacy of your own

home, the second was Camp Nou. During matches fans would sing in Catalan

1. Mirg, J. (n.d.). El Segador. Available at: https://catalogo.artium.eus/dossieres,/4,/guernica-de-picasso-historia-memoria-e-interprefaciones /el-pabellon-espanol-de-la-expos-6.

2. Miré,J. (1974). L'Espoir du condamné & mort {The Hope of a Condemned Man). [Acrylic on canvas] Available at: https: / /theidlewoman.net/2011 /07 /31 /miro,/6d233-joan-

miro-hope-of-a-condemned-man-i-ii-iii- 1973 /.

3. www.akpress.org. (n.d.). Salvador Puig Antich. [online] Available af: hitps:/ /www.akpress.org/salvadorpuigantich.himl [Accessed 7 May. 2022].
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and chant for their heroes, safe in the knowledge that they could not be arrested
by the authorities due to the sheer number of them. Furthermore, at 17 minutes
and 14 seconds into the game, the fans chant "Independencia’, a reference to
the year 1714, when Catalonia lost its independence in the War of the Spanish
Succession. In Catalonia, Barcelona FC acis as a symbol* of identity. In the
Camp Nou, you can see the phrase “mes que un club” imprinted info the seats,
looking down upon the turf. A Catalan phrase meaning, “more than a club,”
these four words alone illustrate the importance of FC Barcelona for Catalan
people. Itis not just a club, but represents the hurts felt by the region under the
dictatorship. The ardent support from the fans exhibits the importance the club has

within the region, and how it polifically represents the population.

The general perception of Real Madrid is that it is an elite club and royalty.

lis name gives it away, as does the use of a crown on its crest. While any fan
might disagree with that sentiment, there is no doubting Franco's involvement
with the club. Alfredo Di Stéfano, the greatest goal scorer in Real Madrid's
history, was to sign for Barcelona in 1952. However, the Spanish Football
Federation intervened and declared the transfer illegal. Shortly afterwards, Di
Stéfano moved to Real Madrid. Many Catalans believe that this is an example
of discrimination against them, as the state was clearly favouring Madrid over
Barcelona on both a footballing level and a national level. Actions such as these
antagonised the Catalan people and laid the foundations of an independence

bid as they perceived further actions as increased discrimination.

Overall, it is clear that football acts as a mechanism for social tension within
Spain. However, the deep-rooted history and animosity between the two
clubs has only strengthened the Catalan resolve for independence. Cultural
aspects such as football had a pronounced effect as people could identify
with something they love so much. Football and Barcelona FC as a symbol are
extremely popular with the people and their importance constantly reminds the
population of what they have been through. The significance pf FC Barcelona
cannot be underestimated, and it holds a clear place as both a symbol of past
suffering, but future resistance for the region. The nature of FC Barcelona is
such that many people associate themselves with the club, leading fo a unified

Catalan population with aligned desires.

MUSIC

Another cultural aspect which underwent a revolution during the 1960s was
music, with the emergence of Nova Cangé®. This was when politics and music
inferacted, demonstrating the importance of a cultural identity and cultural
planning for a nation. For Catalonia, Nova Cancé was extremely important

in helping transform society during the last years of dictatorship. Later, | will
explore that this was especially prevalent within the younger population, as they
expressed their frustration and anti Franco sentiment through the use of Catalan in

their songs and metaphorical language to surpass the censorship.

The movement began in the late 1950s as a group was formed by Josep Benet

| de Joan and Maurici Sarrahima. They began to compose Catalan songs

and invited other musicians to join them through an advert in the newspaper
Germinabit. The effort led to return of former prominent singers to the region such

as Raimon and Joan Manuel Serrat, both of whom had fled to France in order

to escape Franco. This was a watershed moment as they illustrated that Catalan
culture was beginning to re-emerge after its suppression, and the region was

beginning to regain some of the lost identity.

However, the movement did not stop there and continued to grow. One specific
song which resonated with the population was “al vent,” written by Raimon®.

It speaks of a young man looking for peace and finding freedom in the wind,
and how the wind will soon pass. The phrase “al vent, “meaning “in the wind,”

is repeated over and over again in some form of cry, or a proclamation, which
illustrates the extent to which this rebellious movement went. The wind is symbolic
of the dictatorship and the context of the 1960s. He says that it will soon pass
and suggests that the emergence of this organisation was allowing Catalonia to
find some form of freedom and regain cultural autonomy. Furthermore, the songs
produced clearly represented the hardship endured for the Catalan population,

which only further strengthens the group outlook within the region.

Itis also worth noting that the song is written and composed in Catalan, which
further resonated with the youth population. Singing “al vent” in Catalan became
an emblem of the Spanish youth who did not want to live and grow up in the
military dictatorship. Strong lyrics and the sense of hurt illustrate that the Catalan
population were expressing their desires through music. They had suffered
heavily during the dictatorship and used song as a tool of ideological expression
against the cultural domination imposed by Franco. The effect of Nova Cancéd
also extended to other regions and affected other artists. Parallel movement
sprung up in Gadlicia, the Basque Country” and Castile, with artists inspired by

what Catalonia had done.

Overall, musical expression in 1960's Catalonia contributed heavily to installing
a desire for independence in the region. Artists such as Raimon was central to
this as they referenced suffering under Franco to connect with the population,
meaning that that was a stronger sense of unity in the region as a result.
Movements such as Nova Canco were vital as they provided cultural liberty
and freedom to the population, and their legacy can still be seen today as we
can find Raimon on Spotify and other streaming platforms. This exemplifies the

importance of said movements.

LANGUAGE

As referenced before, language suffered heavily under the dictatorship as
Franco affempted to repress any representations of regional identity. However,
alongside the cultural revival in the 1960s, we saw that language took on

a greater prominence within society. One organisation which assisted with

this was Omnium Cultural, based in Barcelona. Omnium Cultural, a non-
governmental organisation based in Barcelona, was created to promote the
Catalan language, and spread Catalan culture throughout the region after the
actions of Franco. It wanted to unite Catalans under the flag and language
regardless of their stance in the civil war. Overall, it has been a flagship entity of
Catalan civil society to defend and promote both language and culture, helping

to contribute fo the sense of unity within the region

Originally formed in 1961, Omnium set up with a clear aim, they wanted
to increase the use of Catalan in the public sector. However, in 1963 the

authorifies closed down the organisation and the founders relocated to Paris.

Dowling, A. (2018). Culture, language, and identity. In: The rise of Catalan independence: Spain’s territorial crisis. London: Routlege, Taylor & Francis, pp.30-55.
Hotel Arc La Rambla. {2015). LA NOVA CANCO (The New Song) - A CATALAN SYMBOL. [online] Available at: https://hotelarclarambla.com/blog/la-nova-canco-the-new-

song-a-catalan-symbol /.

6. www.youtube.com. (n.d.). Raimon - Al Vent. [online] Available at: https://www.youtube.com/watch@v=v1hKV 1xFXyc [Accessed 11 May. 2022].

7. Rate Your Music. (n.d.). Euskal kantagintza berria - Music genre - RYM/Sonemic. [online] Available af: https:/ /rateyourmusic.com/genre /euskal-kantagintza-berria/ [Accessed

11 May. 2022].

8. Dowling, A. (2018). Culture, language, and identity. In: The rise of Catalan independence: Spain's territorial crisis. London: Routlege, Taylor & Francis, pp.36




RGS Journal 2023

They worked as a clandestine network in the French capital from 1963 to 1967,
where they began a long legal case against the dictator. They won and were
authorised fo exist within the region. This is when Omnium began to influence
population and reinfroduce the language. Catalan was still not used in public,
left out in the media and Catalan journalists were being censored. They clearly

wanted to overturn this, and they slowly began to exert a greater influence.

One way in which they helped was by creatfing and sponsoring various awards
and literary contest for works published in Catalan, such as the Premi d'Honor
de les letres Catalanes. They also held festivals of Catalan literature where
other awards were given out on behalf of the organisation. In addition, they
attempted to re integrate Catalan within schools through the use of campaigns
such as Catalan a I'Escola and Delegacio d'Ensenyament de Catalan”. By
1975 they had trained over 2000 teachers of Catalan and the language was
now officially being taught within schools. In 1975, 66,000° students were
studying Catalan courses in over 300 schools in Catalonia, with the majority in
Barcelona. This represents a strong demographic shift as increased immigration
to Barcelona in the 1940s had left the city with a lower level of Catalan users.
However, the work of Omnium had restored the language back info the

city and the younger generation felt both Catalan and Spanish. During this
period language functioned as an agent for change for Catalonia and lit the
metaphorical spark that we saw throughout the period. lts reintegration to the
public sphere served as a reminder of what it meant to be Catalan. 80% of

the population used it under the second Spanish Republic (1931-36), but the
population had been starved of it under Franco. The reintegration of Catalan
info the public sector represented a restoration of the Catalan identity throughout
the 60s, whilst acting as a mark of progress for the region. The population
were now proud to be Catalan openly, and they showed this by speaking the

language.

Within the region it was not just culture that expanded in the 1960s and /Os.
The re-emergence of movements such as Omnium also contributed fo pro-
independence sentiments because they acted as a reminder of what Catalonia
stood for. Language provided an umbrella for the entire population to unite
under in the face of the dictatorship. The political left, right and centre could

join together to combat Franco and aim for goal of independence. Restoring
the Catalan identity was critical in establishing a united front for the region.
Organisations such as Omnium were so important because they helped the
population realise the importance of language and how they can help to form a
bond between people. This social identification was really important because it
pulled the population together. Furthermore, the very presence of Omnium also
highlights the fact that Catalonia was now facing less repression as a region.
20 years ago, they would not have been able to exist and the activities they
conducted would have seen them persecuted. this was a sign of progress and,
Omnium was not only able to unite the people under language, but it also

functioned as a symbol of how far Catalonia had come.

LITERATURE

When we think of culture and how it can be expressed, the general perception
is through literature and poetry. Both of these, like several other aspects of
Catalan culture, were heavily suppressed by the dictatorship but reimagined
during the 1960s. | am going fo analyse the works of three authors, Joan Sales,

Salvador Espriu and Manuel de Pedrolo. All three achieved different things but

contributed heavily to the foundations of the Catalan independence movement

as they were pioneers.

JOAN SALES

Joan Sales was born in 1912 in Barcelona and was a political activist from an
early age. He was imprisoned for three months at just 15 years old for protesting
against the Primo de Rivera dictatorship. When the Civil War broke out, Sales
joined the Catalan Military Academy and was sent to the Aragon front. He
spent weeks fighting until he arrested for not reporting on family members who
had not appeared for military service. He was held in a concentration camp
and nearly died of typhus but was eventually acquitted of all charges and
returned to the front. He was one of the last Republicans to be defeated by

Franco and fled to France, where he spent nine years in exile.

All of this is especially important in understanding Sales’ mindset when writing
his classic, “Uncertain Glory"." He began writing it on his refurn to Barcelona
after his nine years of exile, in 1948. He attempted to have it published in 1955
but the authorities rejected it, claiming it, “expressed herefical ideas often in
disgusting and obscene language.” Whilst a heavily shortened version was
published a year later, it was not until 1971 that Sales published a definitive
version. The fact that he was able o publish this in 1971, and faced no
restrictions from Franco, represents a substantial change in Catalan society. Just
as with Omnium, there was a lot more cultural freedom for writers and social
organisations which illustrates the extent to which Catalonia had begun to gain
some cultural autonomy. This is a further sign of the progress made domestically

for Catalonia.

Uncertain Glory also addresses sensitive themes regarding the Spanish

Civil War, which would have been unimaginable during the first part of the
dictatorship. The novel narrates the experiences of four young Catalans at the
front and the rear guard of the republican efforts'?. He traces their movements
during April of 1938 when the Aragon front falls, leading to the fall of Catalonia
fo Francoist forces. Sales was inspired by his own experiences and uses the
book to illustrate the horrific actions carried out by the nationalists. Sales depicts
Barcelona as an inward looking, metaphysical city which mirrors the suffering
of characters such as Trini, @ young woman who is converted to Chrisfianity and
attends clandesfine masses at night. Sales uses the book as a political message
and draws upon the suffering of Catalonians in the war to emphasise the

progress of the region up to 1971.

Novels such as uncertain glory provided useful insight into Catalonia in the
1970s. The region has made considerable progress, illustrated by the lack of
censorship and freedom when publishing. Furthermore, the direct condemnation
of the civil war is one of the first instances where we see Catalonia resisfing.
Society was not only becoming more progressive, but more brazen in what
they would choose to say. The increased awareness of identity and progress

in certain sectors was evident, and literature is a perfect example of how the
population can be inspired by culture. The work of Sales fostered a group

mentality, helping fo sfrengthen the independence drive.

Books such as Uncertain Glory are vital in analysing the progress of Catalan
society. The population could now openly talk about the horrors of the regime
and the war before, which leads me to think that the society as a whole had not

only become more progressive but also more resistive. They understood what

Dowling, A. (2018). Culture, language, and identity. In: The rise of Catalan independence: Spain’s territorial crisis. London: Routlege, Taylor & Francis, pp.37

10. Dowling, A. (2018). Culture, language, and identity. In: The rise of Catalan independence: Spain's territorial crisis. London: Routlege, Taylor & Francis, pp.38

11. Incerta Gloria (Uncertain Glory). (2017).

12, www.themodemnovelblog.com. (n.d.). Joan Sales: Incerta gloria (Uncertain Glory) — The Modern Novel. [online] Available at: htips:/ /www.themodernnovelblog.
com/2018,/03/15 /joan-sales-incerta-gloria-uncertain-glory/ [Accessed 15 May. 2022].
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Franco had done and how it was wrong, and Sales clearly reflects this in his
novel. Anti-Francoist literature would lend itself to the independence movement
as was an expression of Catalan sentiment post 1960 and represented the

desire for freedom.

ESPRIU

Salvador Espriu is another writer whose literary effects resonated with the
Catalan population. Like Sales, he was also bom in Catalonia and had a role
in the Spanish Civil War. He did not fight on any front, but instead assumed a
role as a military accountant. Through his works, we can see that the War had a
profound effect upon him as he questioned the integrity of man and considered

whether there was hope for the future of both Spain and Catalonia.

One aspect of Espriu that is extremely important is his use of Catalan. He was
one of the few writers in 20th century Spain to fully write their works in Catalan®.
The magnitude of this achievement cannot be ignored. As we observed earlier
with the work of Omnium and the music of Raimon, using Catalan both united
the population and acted as a symbol was resistance against the dictatorship.
Espriu Is no different but he would resist in indirectly. His sole intenfion was to
write, and his inadvertent use of Catalan would have served as a reminder of the
power of language. During the fime of the dictatorship Espriu persevered against
the societal bounds placed upon him and preserved the Catalan language. His
desire to write in Catalan was what led him to poetry as it did not need as much
space as prose. That meant it was easier to overcome obstacles of censorship

from the dictatorship, lefting Espriu write freely.

In his first book of poetry, Cementiri de Sinera (Sinera Cemetery, 1946), Espriu
reflects on the suffering of Spain in post war Society. He speaks about “lost
days and sons” and Spain destroyed by war, which he called Sinera. He
references Sinera several times throughout the work and uses Cementiri de
Sinera fo esfablish themes such as hurt and the dead. Espriu reflects significantly
upon the bleak landscape of Catalonia in the 1940s within the stranglehold

of the dictatorship, using his literature as a means to mirror the hardship faced
by the population. In 1948 he wrote the play Primera historia d'Esther, which
also referenced Sinera. It has been described as a testament to the Catalan
language at a high point of Catalan literature after the devastating effects of
the civil war. Espriu also speaks of hope and juxtaposes the damaged world of
Sinera with the potential of man. He says, “remember that the mirror of truth was
shattered info tiny fragments, yet each bit holds a spark of true light.” Espriu uses
the post war period to reflect upon the horrors of the war, again referencing

the theme of suffering. His reminder of the past would have served to unify the

population due to their shared experiences.

Finally, Espriu published La pell de brau in 1960, his best-known work. It

involves themes of national, racial and cultural identity which helped to inspire
the younger generation of artists to speak out on social and political issues. lts
frankness was exhibited by the use of “Sepharad” the Hebrew word for Spain.
Espriu uses it in a context to suggest a conflict between Catalonia and Spain
and its difficult relationship. He openly addresses the grievances of Catalonia
and explain it suffering. This expression from Espriu is festament to how the
Catalan population in the 1960s and 70s wanted to address their grievances
and their difficult history and not be punished. It is also worth mentioning that
Espriu’s effect and legacy can be seen through the songs of popular singers such

as Raimon, who based their lyrics around his work.

Overall, Salvador Espriu is one of the pioneers of Catalan literature as we
know it today. His bravery to continue to write in Catalan whilst referencing
both the sentiments of the population and the difficulties faced in the past was
so important and he helped to fransform literature around this time. His effect
can be seen in other areas society such as music, which only strengthens his
standing. Promoting ideas such as brotherhood was critical during this time and
alongside referencing shared experiences, would have helped her create a

group mentality and the idea of a Catalan identity within the region.

MANUEL DE PEDROLO

Manuel de Pedrolo is the least known writer amongst the trio. However, his
literature is no less important, and continues to be taught in Catalan schools
today". He was born in 1918 in Catalonia and was another writer who devoted
himself to writing in Catalan alone. Therefore, we can praise his bravery in the
same way we praised that of Espriu, as he was able to stand up against the
regime and ensure the language did not perish. This increased the relevance

of the Catalan identity as more and more people identified with it. He also
cultivated virtually every literary genre but is best known for his large production
of prose and more specifically his sci-fi novel, Mecanoscrit del segon origen

(Typescript of the Second Origin).

Pedrolo’s name will always be associated with this bestseller, his most popular
work. It is the bestselling novel of all time written in Catalan and has been
translated into 11 other languages, just showing the extent to which it has been
shared worldwide. It tells story of Alba and Didac, both of whom live in a town
in Catalonia called Benaura. After extra-terrestrials destroy all of the human
race except the two of them, they are forced into survival. On several occasions
they barely survive attacks, leading them to mature quickly and learn survival
skills. Interestingly, they learn value of books and explore the whole of the
region. This helps them learn about everything that has happened to them such
as illness or all the tactics of the enemy. What makes this book so remarkable is
that despite what seems like a weird plot, it manages fo resonate on every level
with Catalans with its deeper message. The ability to overcome obstacles and
preserve in such adversity gave hope to many Catalans. This contributed to the
increased resistance we saw in this period, as the population felt compelled to

unite as a group and act against Franco.

One such aspect of the book that appeals fo many is it breaking down of
barriers between races. Alba is described as,” an olive skinned 14-year-

old,” whilst Didac is a,” 9-year-old black boy.” Whilst discussing their racial
differences, Alba says, “we're the last white and the last black, Didac. After us,
people no longer think about their skin colour.” The racial harmony between the
two children is well accepted by Catalans as their past had been characterised
by conflicts between differing groups of people, be that ethnically with the
Muslims and Christians or polifically with the Republicans and the Nationalists.
Therefore, this message was particularly important to Catalan society as it
suggested that the future could be characterised by a sense of brotherhood and
fraternity. It is also worth mentioning that the barren landscape was reflective

of Catalonia after the war, another factor that resonated with the population.
Pedrolo clearly understood Catalan society in the 1960's and his novel reflects
theme. Preaching themes such as brotherhood and resistance would have unified

Catalans, which in turn strengthened the independence drive.

13. Monfadg, P. (n.d.). Salvador Espriu: one of the greatest Catalan writers of the 20th century. [online] www.catalannews.com. Available at: hitps://www.catalannews.com/ culture /
item/salvador-espriu-one-of-the-greatest-catalan-writers-of-the-20th-century [Accessed 17 May. 2022].

14. Goodreads. (n.d.). Typescript of the Second Origin. [online] Available at: https:/ /www.goodreads.com/book,/show/36567968-typescript-of-the -second-origin [Accessed 19

May. 2022].
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Overall, 1960s Spanish literature underwent a notable change that clearly
reflected the views of the people. Sales’ direct and effective illustration of the
civil war as destructive shows that society had recognised the wrongs in the
past and was beginning to rebel against the dictatorship. The work of Pedrolo
in creating not only a bleak landscape but a sense of teamwork between Alba
and Didac reflected the more progressive and united society. Finally, Espriu
painted a positive picture for the Catalan population whilst ensuring that the
legacy of Catalan would not be forgotten. These three writers all come together
fo create a contemporary style of literature which would rejuvenate eyes the
Catalan population as they fully accept what happened in the past and realise

the desire for autonomy and independence.

GENDER

All of the factors above have contributed to the group mentality within Catalonia
in the 1960s. By referencing ideas such as resistance, suffering, identity, and
progress, it is clear that the Catalan population felt united in their desire for
independence. the rise of feminism in the region perfectly exemplifies the
significance of the effect these factors had had. However, feminism under Franco
is split into two parts. The first wave of feminism was characterised by women
attempting to rebuild and improve their lives, despite the efforts of the regime.
The 1960's was a period when women managed to better their rights, after the
regime had aftempted to control their movements and force many into being
housewives. In the 40’s women were given “La Guia de la Buena Esposa”,
which detailed how to be a good wife. Their husbands also controlled their

finances and travel, furthering emphasising the lack of rights they had.

The mid to late 1960's in Spain saw a nofable change in the role of women

for Spain'. Greater contact with foreign ideas as a result of increased
immigration and tourism, stronger employment chances for women and better
economic reforms all meant that women were not as oppressed as they had
been. However, it is worth mentioning that feminism under Franco during this
time was not unified. Despite this, all feminists felt that Spain needed greater
equality and needed to defend the rights of women more. Overall, feminism
moved from being about individuals to being about the collective group. This
exhibits the sentiments of a wider Catalan population at this time, as despite
political differences people bonded together to face up to Franco and push for

independence.

Despite the united nature of feminism, women still struggled to meet freely.
Feminist groups and women's organisations had been formed in the early
1960's, but the regime only made these legal in 1964. This was a significant
step regarding the rights of women, but in reality, fruly litlle changed. Groups sfill
met clandestinely and with few numbers as the authorities would sfill shut down
groups that had any reference to “anti-regime” propaganda. However, the
changes in social attitude in the 60's had an effect on future decades as women
were not porfrayed in such a negative way by 1970. The comic community
illustrates this. More women were seen as writers and artists, and comics did not
depict women as passive or sexual beings. This rise in feminism can be linked to
independence as women in Catalonia began to pursue happiness and greater
rights. This increased autonomy for themselves not only allow them to reflect on

what had happened previously to their rights but hope for a better future

Overall, it is clear that feminism under Franco changed during the dictatorship.
Women clearly had more rights, exhibited by the greater job opportunities

and economic change. However, the feminism movement was symbolic of the
changes in Catalan society in the 1960s. It was influenced by factors such as

art, literature, and music as these cultural elements had managed to unite the

population. The sense of identity and group mentality was stronger within the
region and women felt they were able to challenge stereotypes and confront
oppression. The emergence of women's organisations is a clear example of
this, and their very presence was a mark of progress resulting from increased
confidence. Feminism was clearly affected by Catalan culture and its revolution

throughout the 1960s mirrored that of Catalan society.

CONCLUSION

Itis clear to see that there are several cultural elements which have contributed
to Catalan independence. They all speak about similar themes, and each play a
partin helping the people realise the importance of identity. By analysing various
cultural expressions from the region during this fime, | have demonstrated that the
key themes are critical in helping form a group identity within Catalonia, which

confinues info the modern day.

One principal factor regarding the foundations of Catalan independence is
suffering. The suffering of the Catalan population under the Franco regime were
now openly addressed in society, meaning that the region was able to unite due
to the shared nature of these experiences. Cultural movement such as art, music
and literature all identified and resonated with suffering, furthering the group
identity felt. In particular, Joan Sales describes the fall of Catalonia to Franco’s
forces in the late 1930's and he directly references the horrific actions of the
Nationalist troops. Sensifive themes were now being discussed freely, and this
is evident through the works of Raimon. His song “Al Vent” suggests that a new
wind will come through Catalonia soon and that better days are coming. Not
only does he provide hope, but he too reflects on the pain of the War, against
illustrating that societal bounds were not as constricting now. Overall, suffering
was a key part of Catalan identity, and played a crucial role in helping the
Catalan population free themselves from the regime. The Civil War had affected
everyone and the ability to openly address these events would have joined the

population together.

Another key theme is that of progress, which can be seen through the artwork

of Joan Miro in 1974, the reintegration of language into society by Omnium
Cultural, and Manuel de Pedrolo’s Typescript of Second Origin. Each of these
three play a vital role in demonstrating the development made by Catalan
society during this period. For example, both Miro and Pedrolo experienced
significant freedom when publishing as artists were able to directly address
suffering and writers were able to publish in Catalan. In addition, Omnium's
ability to educate the younger population is further testament o the advancement
made by the region in this time, as Catalan had been heavily suppressed in the
past. The extent to which progress can be viewed through several cultural forms
shows how it was a common theme at the time and formed a critical part of the
Catalan identity. Progress was important for Catalonia as it provided hope for
the population. Seeing Catalan spoken in the streets safely, reading works that
promoted ideals of brotherhood and friendship all would have confributed to
Catalans feeling prouder of their identity and hopeful for the future. From this, it is

clear that progress had been made.

Itis also important to mention the importance of resistance in Catalan society
during this time period. The 60's and 70's saw greater resistance fo the
regime, which can be identified by looking at cultural factors such as football
and literature. FC Barcelona plays a crifical role in helping understand how
resistance was portrayed. The popularity of football within the region means
that the population identifies itself with the club and what it does. For example,
the club directly opposed the regime by allowing people to chant in Catalan,

knowing that they could not be arrested due to the huge volume of fans present.

15. Barcelona-Home (2019). Women throughout the history of Spain. [online] Barcelona-Home. Available at: hitps: //barcelona-home.com/blog/position-women-spain/.
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Actions like these opposed the regime and sat well with the population, who then
continued to speak Catalan. Furthermore, Pedrolo references resistance through
Alba and Didac as they bravely resist the alien forces and create a better world.
Overall, both literature and football preach the idea of resistance. This would
have been critical in illustrating to the Catalan population that it is possible fo
resist the regime and look to a hopeful future. This would help to link Catalans

together and ensure that the population was united.

One factor that is heavily mentioned through culture is identity, and how
Catalans came to feel more Catalan as a result of culture. This was important as
it allowed the population to come together through identity and helped to lay
the foundations of independence. Joan Miro in The Reaper explicitly references
Catalan identity. He uses the Barretina hat as a symbol of Catalan identity,
linking the freedom of the past to the 60’s and 70, illustrating that Catalonia
possessed its own identity that people should be proud of. Another important
cultural element was language, which helps to serve as a reminder of what
Catalans stood for. By promoting the use of Catalan, they managed fo unite the
population politically and the use of this social identification was really important
because it brought everyone fogether. It helped remind everyone of Catalanism,
and what the region used to stand for. Overall, Catalan identity re-emerged
during this time period and was critical in not only uniting the population but
reminding society of the past. Realising what it meant to be Catalan was critical

in helping lead the drive for independence.

However, all of these factors do not stand alone in helping lay the foundations of
Catalan independence. Instead, they combine to help form the group mentality
that has continued over several decades. the recurring theme throughout these
factors is that they all draw upon ideas that the whole population could relate
to. Be it suffering through the civil war, or attempting to resist the regime, these
factors were critical in helping bring together the population. The importance of
unity is that it allowed the population to not only face up to the regime together
but define their sense of self and social identity and achieve goals that might
have eluded them if they worked alone. For example, Catalonia was crucial in
ensuring that affer the end of the dictatorship, regional autonomy was one of
the priorities for the incoming Spanish government. These cultural elements will
have inspired this but also incorporated all areas of society and the population,

ensuring that everyone united around a common cause.

Catalan culture and its effects clearly continue into the modern day, even
inspiring the younger generation today. Artists like Raimon are frequently
listened to on Spotify, and as mentioned before, Pedrolo’s literature is still taught
in secondary school today. Furthermore, literature continues o be taught, art
continues to be viewed and the significance of these factors has not diminished

| believe that the importance of this cultural movement in laying the basis for
Catalan independence is heavily understated, with a general focus upon politics
and economics. However, it is clearly shown that this movement has affected
the overall Catalan independence movement, as its wide-ranging effects
continue to inspire and provide hope to the population nearly 60 years after
being released. Culture frequently reminds the population of what it meant to be
Catalan, and this identity is central to the desires of Catalans. They wish for their

own state, and culture clearly helped them push to achieve it.
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Revolutionising the process of evolution
Genetic modification - from curing

Huntington’s disease to the creation

of X-men

A short-listed Independent Learning Assignment (ILA)

INTRODUCTION

As a young child, | was enraptured by Marvel films and superheroes;
"superhumans” who possessed superpowers. In some, these were genetic
modifications which enhanced their capabilities to beyond those of an average
human. Some of these superpowers are complete fantasy, but others, harnessing

our knowledge in science, might soon be a possibility.

While the dawn of flying humans and the ability to withstand extreme conditions
(e.g. space) might seem far-fetched, genetic modification is a relatively

new branch of science, which has a great scope for making some of these
impossibilities, eventually, conceivable. One of the branches of this developing
science is gene therapy, which involves the correction of dysfunctional genes
to freat or cure a disease. Gene therapy has brought us one step closer to
being able to engineer a ‘perfect’ human with its potential to treat various
diseases including the most obscure and painful genetic diseases. While there
are thousands of diseases which could be potentially treated, | would like to
focus on Huntington’s disease, a neurodegenerative disease, which results in
dementia, life-threatening depression and a loss of the capacity to control the
body’s movements. The most frightening aspects of this disease are that carriers
do not know when the disease will begin to take action and the disease’s

inheritance pattern which can cause high prevalence in families.

In my Independent Learning Assignment (ILA), I hope to conclude whether or
not Huntington'’s disease is able to be successfully treated using gene therapy
techniques, taking into account the current ethics surrounding gene therapy
techniques, their history, their application and the science which makes these

techniques possible.

GENETIC MODIFICATION -
A GROUP OF TECHNIQUES

To understand the basis of what genetic modification is, a definition is key.
However, while researching | came across a broad range of definitions where
terms like genetic modification and genefic engineering were sometimes used
interchangeably. For example, the majority of sources suggest that both terms
refer to “the infroduction of new traits to an organism by making changes directly
to its genetic makeup” (1). Other sources propose that the definition above holds
true for genetic modification, although genetic engineering specifically “works
by physically removing a gene from one organism and inserting it info another,

giving it the ability to express the trait encoded by that gene” (2).

With this in mind, it was difficult for me, having covered such a broad range of
definitions, fo put forward my own. However, | finally concluded that genetic

engineering is “a type of genetic modification, which involves the process of

Alexander Atkinson, Upper Sixth

transgenesis — the introduction of a gene from one organism into the genome
of another organism — and results in the formation of a genefically engineered
organism (otherwise known as a transgenic organism), which can express

this new trait beyond natural capabilities.” This leads me on to my definition

of genetic modification, which is used as an umbrella term for “a group of
techniques which are used to deliberately alter the genetic composition of an

organism.”

The techniques used to genetically modify an organism include: genetic
engineering, somatic gene therapy, germline gene therapy, RNA therapies
and gene editing. In order to address the question regarding the treatment of
Huntingfon’s disease, | must first research the history, the mechanisms of science,

and the feasibility of gene therapy which | present in my ILA.

IS GENE THERAPY AN EFFECTIVE
TREATMENT FOR HUNTINGTON'S
DISEASE?

GENE THERAPY — A BRIEF HISTORY

Gene therapy can be defined as “the treatment of disorder or disease

through transfer of engineered genetic material into human cells, often by viral
transduction” (3). It is a new form of medicine which has been fairly successful
over the past 30 years, although it largely remains in experimental research in
laboratories with relatively few medical applications. | shall briefly outline the
most significant events in gene therapeutics history, to underline the development

in this field of medicine.

The first paper regarding gene therapy was written in 1972 when Theodore
Friedmann and Richard Roblin published their work titled “Gene therapy for
human genetic diseases?” (4). This paper highlighted the potential for treafing
people with genetic disorders using genetically modified DNA, although it

advised against the practice while it was sfill in its very early theorefical stages.

Eighteen years later, the first gene therapy trial launched on 14th September
1990 (5), when an infant girl was successfully freated using gene

therapeutics. The girl, Ashanthi DeSilva, lacked an enzyme called adenosine
deaminase (ADA), an essential molecule, which is generated to break down
deoxyadenosine. If this is not hydrolysed, the deoxyadenosine is toxic to
lymphocytes and can cripple the immune system of a person. Having extracted
some of DeSilva’s blood cells, working copies of the ADA gene were inserted
info them by a viral vector. The blood cells were returned to DeSilva's system,
where the immune system recognised the blood cells as self-cells, eliminating the

risk of rejection. The success of this treatment spurred further trials of a similar kind
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for severe combined immunodeficiency.

However, gene therapy does not come without its risks. Gene therapy suffered
many setbacks in the first decade it was launched, including a death in 1999
and several patients developing cancer following treatment in 2000. This was
caused by problems with the viral vector — which delivered the new genes to
the T-cells — which had also had the side effect of activating an oncogene,

friggering leukaemia.

2012 was a year of monumental advancement for gene therapy due to the
discovery of a new gene-editing technology called CRISPR, which stands for
“clustered regularly interspaced short palindromic repeat” (6). The relevance
of CRISPR to gene therapy is that it can be used to disrupt a targeted gene, or
if o template DNA strand is used, can insert a new short sequence of DNA in
a precise location (6), thereby editing the harmful gene. The basic idea behind
this is to extract cells from a patient, edit them using CRISPR technology, and
replicate these new cells so that they can be reintroduced into the patient.
However, | will go into more depth when | discuss the application of CRISPR in

the freatment of cancer.

The CRISPR mechanism, which was first discovered in bacteria, allows them to
recognise foreign nucleic acid sequences of invasive species (e.g. viruses), and
defend against them using enzymes which target specific regions of the foreign
DNA to degrade it. Essentially CRISPR DNA is repetitive DNA sequences

with “spacer” DNA sequences in between the repeats that exactly match viral
sequences. Along with CRISPR's discovery were several proteins, of which, Cas®
(CRISPR-associated protein 9), plays a vital role in the defence system. This
enzyme, when coupled with guide RNA, which is complementary to the specific
target sequence, cleaves the foreign nucleic acid sequence and saves it as a

“memory” for fighting off future infections.
The mechanism of CRISPR in bacteria occurs in 3 steps as follows:

~ Adaptation - “spacer” DNA which is acquired from an invading nucleic acid

sequence is infegrated into the CRISPR repeating sequence.

~ Expression - the new CRISPR sequence is franscribed into crRNA (chromium),

and guide RNA, which is complementary to the foreign sequence.

~ Interference — Cas-9 nuclease is guided to the targefed location on the

invading nucleic acid sequence and cleaves it.

CRISPR made the headlines again in 2020 when Emmanuelle Charpentier and
Jennifer Doudna were awarded the Nobel Prize in chemistry, for their discovery
of the bacterial immune mechanism, and for their work in transforming it into

a simple gene-editing tool which has high precision and effectiveness. This
revolutionary technology effectively allows scientists to rewrite the genetic code
in almost any organism, giving it a range of applications from curing genetic

diseases to expressing advantageous alleles in crops for a higher yield.

THE TWO TARGETS OF GENE THERAPY

In general, there are two targets of gene therapy: somatic cell therapy and germ
line cell therapy. Somatic cells refer to cells that are not destined to become a
gamete, and whose genes will not be passed on to future generations [i.e. a
body cell), whereas germ line cells are the cells from which gametes are derived
(7). Whilst gene therapy can be performed via either of these methods, the
results differ drastically. Germline editing can be performed to induce heritable
genetic changes, to prevent the passing on of hereditary diseases through a
family. Somatic cell therapy is more targefed fo each patient who is suffering
from a genetic disease and will not induce any heritable changes. Despite the
enormous benefits germline cell therapy could provide, somatic cell therapy is

far closer to becoming an everyday form of medicine (8). In addition to their

different applications, the ethical implications surrounding both treatments differ
drastically. Most scientists consider somatic cell therapy an acceptable practice;
whilst changing the reproductive cells is considered unacceptable as it alters the

gene pool of the human species.

THE PROCESS OF GENE THERAPY

So what does the gene therapy process entail and what are the hurdles to

overcome?

There are several methods used in gene therapy, with the basic idea underlying
all of them being to correct the defective gene responsible for the disease. These

methods include:

* Inserting a new, functional gene into a non-specific location, to replace the

defecfive gene.

* Using recombination - the process of exchanging genetic material between

different organisms (9) — to swap a defective gene for a functional one.

¢ Through regulation of gene expression and transcription, thereby affecting its

function.

* Using gene-editing tools such as CRISPR-Cas® to alter the genome at a
specific location, with the use of enzymes which can cut portions of the faulty

DNA strand and enables the insertion of replacement functional DNA.

Once genetic diseases have been identified and diagnosed, the defective gene
can be replaced with a functional copy (called a fransgene) that expresses a

frait correctly and suppresses the disease-causing gene's expression.
The steps taken in order for successful treatment by gene therapy include:
1. Identifying and characterising the defective gene

2. The use of an effective system to get the functional gene info the correct site
in the patient. This includes identifying a suitable vector (explained below)
as well as the method used to physically deliver the gene (e.g. inhalation or

injection).
3. The expression and permanent integration of the corrective gene info the
target cell's genome.

This can be achieved via several methods:

* Gene replacement therapy - This is the most ideal result of gene therapy
in which the inserted gene replaces the defective gene and recombination

between both genes occurs.

Gene addition therapy - This method is sfill an effective approach and does
not require the exchange of gene sequences (recombination), because the
inserted gene works in parallel with the target cell's genes. While this method
will still cause the defective gene to be expressed, the introduction of a new

functional gene reduces ifs expression.

Antisense mRNA - This involves a reversed copy of the gene which is

used to produce mRNA in the antisense configuration (a complementary
configuration) which is able to bind fo the mRNA of the defective gene and
prevent its translation. This means the defective gene cannot be read by a

ribosome so the proteins that it codes for cannot be expressed.

4. Another factor which needs to be considered is the target cell itself. There are
two approaches to this: in vivo therapy (which involves all of the steps above)
or ex vivo therapy. In these situations, affected cells are removed from the
patient’s body and are treated outside the body before being reintroduced

info the patient.
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There are, of course, several hurdles to overcome when performing gene therapy

which | must address.

1. GETTING TRANSGENES INTO PATIENTS:
VECTORS - THEIR ADVANTAGES AND
DISADVANTAGES

Firstly, in order to overcome the obstacle of delivering the correctional gene
info the target cells, the two broad categories are via either a viral vector or a
non-viral vector. A vector, in molecular biology, can be defined as “a carrier
molecule which is used to deliver a specific sequence of DNA (a gene) into a

‘//

targeted cell”.

The main viral vectors which are associated with gene therapy and have been
developed are based on retroviruses, adenoviruses and adeno-associated
viruses (AAV). Scientists and clinicians have to take care that there are no
operational viruses which are being cloned,/developed as this could affect
the patient even more. Viruses serve as powerful delivery vehicles due to their
efficiency in infecting other organisms in nature. While a viral vector offers this

great benefi, there are several disadvantages which must be taken info account.

Firstly, the success of any virus is dependent on how the body’s immune

system will respond. Any foreign material which enters the body can easily be
recognised providing opportunities for the immune system to rid the body of the
gene therapy. As well as this, some patients already have had previous exposure
to the virus and therefore have more immunity; in response to this, scientfists

and clinicians have fo carefully select a virus to which patients do not possess
additional antibodies. More concemingly, the detection of foreign materials

in the body could provoke a severe immune response which further harms the

patient.

Secondly, current gene therapy treatments require the administration of large
numbers of viral vectors in order for the freatment to be successful. One reason
for this is the restricted number of cells that viruses target: this means that a large
proportion of them must receive the functional gene. If the number of viral vectors
in each dose can be lowered, the cost of gene therapy, which is very expensive
(which partly explains its limited number of applications thus far), can be
lowered significantly as well. This would make the treatment more accessible for
patients and lowers the risk of introducing vast numbers of viruses into the body.
While these viruses are harmless, the risk of a severe immune response remains,

and an investigation info the deaths of three patients receiving high-dose AAV

vector therapies in 2020 is being conducted (10). These unfortunate deaths

highlight the need to reduce the number of viral vectors administered to patients.

The third challenge which needs to be considered is controlling the functional
gene's expression once introduced info the patient’s body. This defermines how
successful the freatment is and requires important planning and risk assessment
because once gene therapies in vivo have been administered the expression
of the gene cannot be controlled by clinicians. To increase success rates, viral
vector cargo often also contains regulatory elements such as promoters and
enhancers. Promoters are DNA regions with short regulatory base sequences
that code for RNA polymerase transcriptional machinery (11), while enhancers
stabilise or increase the activity of RNA polymerase by providing binding

sites for profeins that help activate franscription. The binding of such proteins
causes the DNA shape fo change and brings about the interaction between
the activator proteins and transcription factors bound to and produced by the
promotors; this leads to an increased transcriptional rate and therefore more
RNA is produced (12).

METHODS OF IMPROVING SUCCESS
RATES OF VIRAL VECTOR THERAPIES
INCLUDE:

* Improved vectors
* Improved capsids
* New types of cargo delivered by vectors

1. Improved vectors — This has two main aims: reducing the immunogenicity [the
ability of foreign material to provoke an immune response in an organism
(13]] of the viral vector and improving the expression of the transgenic
DNA. Ways of achieving this include: localising gene transfer methods and
suppression of the immune response through pharmacological means (e.g.
preventing stimulation of lymphocytes or depleting B and T cell levels) (14).
Furthermore, including regulatory elements is one strategy for improving
the expression of the transgene. Some regulatory elements can reduce
immunogenicity by limiting the expression of the fransgene in specified cells,
for example in cells that promote an immune response (10). One method of
achieving this is through the use of microRNA-farget sites which guide proteins

to specific MRNA strands to repress their franslation (15).

N

. Improved capsids — The viral capsid is fundamental to the survival of viruses. It
defermines the target cells of the virus, the immunogenicity of the virus, and the
efficiency of cell entry. Humans have acquired immunity against many types
of capsid which offects the immunogenicity of the vectors. This is why some of
the COVID-19 vaccines have been developed using adenovirus variations
from chimpanzees and gorillas (10). Using capsids to which humans do not
have pre-existing immunity could be revolutionary in reducing the number of

viral vectors administered.

w

. New types of cargo - The cargo delivered by a viral vector often refers to the
transgene which it delivers to the target cell. However, it can also refer to the
complementary molecules which can regulate fransgene expression. These
include regulatory molecules but can also refer to vectorized antibodies. The
use of viral vectors filled with gene encoding antibodies which are able to
cross the blood-brain barrier and deliver the contents info the central nervous
system is currently being explored to treat Alzheimer’s and Parkinson'’s {16).
The expression of the transgene in the vector codes for the production of

antibodies which are specific o certain diseases.

Transgenes can also be delivered by non-viral vectors. The broad types of

nonviral vectors used include:
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¢ lipid-based vectors
e Polymer-based vectors

1. Lipids consist of a posifively charged "head” group which is able to bind
with the negatively charged phosphate groups in nucleic acids. This enables
lipids 1o be effective nonviral vectors and they come in various forms such as:

liposomes, solid lipid nanoparticles, or lipid emulsions. Compared with other

vectors, lipids are biodegradable and less toxic, and due to their polar nature,

they are able to carry hydrophilic or hydrophobic substances.

While liposomes present these advantages, they are less efficient than viral

vectors and restrict the length of DNA encapsulated due to their small size.

These vesicles are composed of a lipid bilayer (that can carry lipophilic
substances) which surrounds an aqueous compartment which can contain
hydrophilic substances. The phospholipid bilayer has a similar structure

to mammalian cell membrane which reduces its toxicity and reduces its

immunogenicity when used in human drug delivery (17).

Furthermore, drugs stored in liposomes are less likely fo succumb to oxidate
degradation which increases the chances they will reach the target cell. The
cell surface membrane properties of these vesicles can be altered to include

glycoproteins which improve the targeting capacity of the vector.

Liposome for Drug Delivery

Protective layer against PEEidddis
immune destruction 3

I Lipid-soluble

Dru stallized
e drug in bilayer

in aqueous fluid

Lipid
bilayer

Figure 2 - Structure of a liposome used in drug delivery https:/ /www.
europeanpharmaceuticalreview.com/news /39040 /high-pressure-

homogenisation-the-next-generation-of-drug-delivery-liposomes,/

Although they look similar to liposomes, lipid nanoparticles usually contain their
cargo in a nonaqueous core and not all of them have a continuous bilayer.
Attached to the phospholipid bilayer "head” groups are covalently bonded
groups called PEG [polyethylene glycol) linear synthefic polymers. They help
improve the nanoparticle’s circulation time (and therefore the chance that they
reach the targeted cell) by shielding them and preventing blood plasma proteins
from absorbing into the bilayer. PEGylation (the process of covalently bonding
PEG to the cell membrane/outer layer of a molecule (18)) also reduces the
tendency of the nanoparticles fusing with each other. This tendency arises from
the instability and large surface tension of small nanoparticles and their fusing

can result in the loss of the therapeutic cargo.

PEG

Figure 3- PEGylated lipid nanoparticle diagram https:/ /www.biochempeg.
com/arficle /122 html

2. Polyethyleneimine (PEl) forms polyplexes with nucleic acids. PEI complexes
have a high buffering capacity in pH which is beneficial for the transfection
(the process of deliberately introducing naked or purified nucleic acids
info cells (19)) of the transgene. Despite this PEl is not biodegradable
and aggregates in the blood which can lead to toxicity. Just as in lipid
nanoparticles, the PEGylation of these complexes reduces the likelihood of

aggregation occurring.

Each vector has its own advantages and disadvantages as | have explained in
this section, however, deciding which vector to use in gene therapy is specific

to the disease being treated. While viral vectors provide high efficiency in gene
transduction, nonviral vectors are often deemed to be safer due to their reduced
immunogenicity. It is imperative for clinicians and doctors to evaluate the
benefits and risks associated with each vector available fo treat the defect. This
research has allowed me to evaluate which vector is most suitable for treating

Huntingfon's disease which | discuss later in my ILA.

Already, scientists and clinicians are beginning to modify viral carriers through
improved vectors and capsids and nonviral carriers via PEGylation. Successfully
halving the immunogenicity and the number of viral particles of these therapeutics
has the potential fo increase the freatment success rafe by over 4 times (10).
Addressing the critical hurdle of the lack of feasible delivery carriers is bound o

progress this field of medicine.

2. THE REMOVAL OF THE DYSFUNCTIONAL
GENE AND THE EXPRESSION OF THE
CORRECTIONAL GENE IN THE GENOME:

As | mentioned above, there are different ways fo treat the defective gene, from
knocking it out entirely to adding a functional gene working alongside the faulty
one. Just as different vectors are more suitable in treating different diseases, the
method used to regulate the defective gene's expression is dependent on the
patient’s disease. The following methods of gene therapy are contained and
delivered by the vectors which | have discussed. | will give a summary of the
mechanisms behind various freatments used fo correct the dysfunctional gene,
as well as their advantages and disadvantages before | can conclude which is

most suitable to freat Huntington's disease.
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1. Chimeric anfigen receptor (CAR) T-cell therapy

This method is applied with the intention of getting modified T-cells to attack
and destroy cancer cells. T-cells are extracted from a patient’s body by adding
a gene for a receptor called a CAR, which helps the T-cells bind to a specific

cancer anfigen. These are then reintegrated info the patient’s body.

The procedure to remove blood cells from a patient's body is via IV lines using

a method called leukapheresis in which white blood cells are separated from
the blood sample (20). Once these have been removed, CAR genes are
developed from a monoclonal antibody that binds only to complementary
antigens. These genes are incorporated into the genome of the T-cells and code
for the production of these receptors. These cells are grown ex vivo and cloned
over several weeks to manufacture the large number of cells needed for the

freatment.

To increase the effectiveness of the T-cells, the patient may be given
chemotherapy to help lower the number of immune cells already in the body.
Once the CAR T-cells bind to the cancer cells, they are able to multiply and
destroy even more cancer cells. Their destruction is due to chemicals called
cyfokines released by the modified T-cells. However, this can lead to the
release of toxic cytokines info the body which may harm other bodily functions.
Furthermore, this process is shori-term and usually only lasts for a few days after
the initial procedure; this means if a patient relapses, they may require another
dose of treatment which holds the same risks as the first round as well as another

round of chemotherapy on an already weakened immune system.
2. Antisense oligonucleotides [ASOs)

Oligonucleotides are single-stranded DNA molecules. Many oligonucleotides
have been chemically synthesised or modified so that they are more effective

for use in therapeutics, and this has resulted in various oligonucleotide species.
They can be divided info two categories based on their mechanism of action: the
RNase H-dependent oligonucleotides which degrade mRNA and the inhibitor
oligonucleotides which physically regulate the progression of splicing and

translational machinery.

RNase H is an endoribonuclease that specifically hydrolyses the phosphodiester
bonds between DNA-RNA heteroduplexes (21). ASOs, which bind to the
mRNA by complementary base-pairing, recruit the help of this enzyme to cleave
mRNA and cause its degradation. The binding between the ASO and mRNA
farget is such that it mimics the DNA-RNA (template strand) binding that occurs
during DNA replication, in which RNAse H cleaves the RNA sfrand (22). This
activation by the binding of ASOs-mRNA is ultimately what leads to the targef's
degradation.

The other mechanism of action the ASOs use, involves the alteration of splicing
and the blocking of franslation. Alterations in the splicing pattern of pre-mRNA
can result in disease; this is because inappropriate delefions will resultin a
change in the reading frame of the mRNA. ASOs that block splicing machinery
and stop them from “over-splicing” promote splicing that leads to the correct
mRNA sequence composed solely of exons. This prevents frameshift mutations
from occurring and leads to the correct expression of the gene. In addition

to this, blocking translational machinery is an effective way of inhibiting the
defective gene's expression. This involves chemically engineering an ASO
which binds near the start codon of the spliced mRNA sequence and stop the
ribosome from binding with the target sequence. This prevents the franslation and

folding of the target mRNA sequence.

MECHANISM

Figure 4 - Antisense oligonucleotide mechanism for regulating defective

gene expression https:/ /www.cell.com/neuron/comments/S0896-
6273(17)30303-3

3. RNA INTERFERENCE (RNAI)

RNAI, which was discovered in 1998 in the roundworm Caenorhabditis
elegans, is a process which is friggered by the presence of double-stranded
RNA molecules (dsRNAs). The process, aptly named ‘interference’, involves
the ‘knockdown’ of gene expression, also known as gene silencing, which is
confrolled by short RNA molecules that enable mRNAs to be regulated. There
are various mechanisms through which the RNAi system can regulate mRNA
molecules, each acting affer transcription, but the most prevalent is through

facilitating their degradation.

The degradation of MRNA molecules involves two enzymes, dicer and slicer.
Double-stranded RNA is recognised by the dicer endonuclease, which ‘dice’ the
mRNA molecules to form short double-stranded small interfering RNAs [siRNAs)
or microRNAs (miRNAs). These siRNAs can also be designed exogenously to
target a gene of interest. They associate with a protein to form a complex known
as the RNA-induced silencing complex (RISC) which holds a nuclease called
“slicer”. Once bound in the complex, the double-stranded siRNAs are unwound
info their single-stranded components. One of the two strands guides the protein
complex whilst the other is complementary to the target mRNA's sequence. The
complementary strand is also known as the antisense RNA fragment and binds
with the target mRNA'’s complementary sequence by base pairing. The slicer
nuclease then cuts the mRNA and the product is degraded by exonucleases. In
some cases, the antisense strand is not always perfectly complementary to the
target mMRNA sequence, this leads fo the inhibition of protein translation from the

target as well thereby regulating the gene's expression.
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Figure 5 - Diagram showing the mechanism of interference RNA to regulate the

expression of a gene
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4. CRISPR-Cas9

I briefly touched upon the history of the cutting-edge CRISPR-Cas? technology
as well as a quick summary of its mechanism. Although there is more science
behind this mechanism, it would be relatively easy for a new scientist exploring
this field to use the technology. In fact, the CRISPR-associated proteins such as
Cas? and Cpf1 (which is used as an alternative method in the genome editing
of plants, without introducing a transgene info the plant cells (23)), can be
ordered alongside plasmids (to produce guide RNAs] in less than one week.
On top of this, using rapidly growing organisms or cells like E.coli, genes can still

be edited in less than a week (24).

In nature, CRISPR-Cas@ is used as a defensive mechanism in bacteria to fend
off invading bacteriophages. Essentially, CRISPR cleaves a small part of the
bacteriophage’'s DNA and stores it in its own genome. The bacteria, if reinfected
by the same virus, can recognise the invader using the cleaved DNA stored in

its genome and destroy the virus. The following steps describe the bacteria’s

immune response fo an invading virus:

e Firstly, DNA from the invading bacteriophage is cleaved and stored in a
region of the bacteria’s genome called the CRISPR locus. This short sequence
of the viral DNA is known as a spacer which is inserted into the repeated
CRISPR sequence.

* During reinfection by the same species of virus, the cleaved DNA in the
CRISPR locus, which corresponds to the invader’s DNA, is franscribed info a
short piece of RNA, termed CRISPR RNA [crRNA).

* crRNAs bind fo proteins such as Cas@ and guides them to the invader’s DNA,
which has a sequence that complements the crRNA sequence. The crRNA

and protein (known now as an effector complex) bind fo the bacteriophage’s
DNA.

* The bacteriophage’s DNA is cut and can be stored again to repeat this
process in the event of a future invasion. Once the effector complex is bound

to the target, it performs a double-stranded DNA cleavage.
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Figure 6 - Mechanism behind the CRISPR-Cas? system in bacteria
https:/ /www.ncbi.nlm.nih.gov/pmc/articles/PMC6466564 /

The diagram to the left gives a visualisation on how the CRISPR sysfem functions.

One term which | also refer to later is “processing”. This refers to the use of a

second RNA called a tracrlRNA which is complementary to pre-processed

crRNA. A ribonuclease cleaves (“processes”) the crRNA and a hybrid double
strand between this and the tracrRNA is combined with a protein to form the

effector complex.

In 2012, Jennifer Doudna’s group led an experiment which allowed them to fuse
crRNA and tracrRNA info a single RNA sequence. This has become known as
guideRNA (gRNA) and its significance in the medical application of CRISPR

cannot be understated.

HOW CAN THE CRISPR-CAS® SYSTEM BE
USED IN MEDICINE?

The genomic target of CRISPR can be any nucleotide DNA sequence provided

it meets these two requirements:
1. The target sequence must be unique compared fo the rest of the genome
2. The chosen target must be adjacent to a Protospacer Adjacent Motif (PAM)

A PAM sequence is typically 2-6 nucleotides in length (25), and serves as a
binding site for the protein-gRNA ribonucleoprotein (the effector complex). The
protein will only cleave the target DNA if the gRNA is complementary to if, and
if they are, a double-stranded cut is made by two catalytic domains of Cas?,
HNH and RuvC (26), (or the protein in use) in the target DNA sequence at a
position which is three base pairs along from the PAM on the 3’ strand of the
DNA. The end result is a double-siranded break (DSB) within the target DNA.

Cell-mediated repair of the DSB occurs in one of two ways: non-homologous
end joining (NHEJ) or homology-directed repair (HDR). When the cell uses
NHEJ, which is often a random and unpredictable process, to repair the

break, often mutations occur that result in amino acid insertion, deletion or even
frameshift mutations. The end result is a dysfunctional target gene which is no
longer able to be expressed. This is how a dysfunctional gene can effectively
be ‘shut down’ by the CRISPR system so that it no longer produces a defect in a
patient. The mechanism is often referred to as ‘down regulation’ or ‘knockdown’

of gene expression as it causes the silencing of the defective gene's expression.

Moreover, gene repression can also be performed using the CRISPR system:
scientists infroduced two mutations info the catalytic domains of the Cas9 protein
which inhibited its cleaving function. This ‘dead’ Cas® (dCas®) could sfill bind to
the PAM of the target sequence without any cleaving taking place, which meant
that it could be used as an inhibitor to RNA polymerase to prevent transcription
of the target DNA.

Another purpose of the CRISPR system is fo induce or correct a point mutation
which requires only a single base subsfitution. By inducing a single mutation

in the RuvC catalytic domain of the Cas® protein, researchers produced

Cas9 nickase (Cas9n), which creates a single-siranded break in the targeted
sequence. Coupling the Cas?n with a cytidine deaminase enzyme enables the
deamination of cytosine bases into uracil which is converted fo thymine via DNA
repair methods. This induces a C to T substitution in the target sequence (or a G

to A on the other strand).
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Figure 7 - Mechanism using CRISPR to induce a single base substitution in target
DNA https://www.addgene.org/crispr/base-edit/

While each of the methods mentioned above have their own advantage,
ultimately, the biggest disadvantage associated with all these methods, is the risk
of inducing a new mutation which has an even worse effect on the patient. It is
indisputable that CRISPR is the most versatile therapy due to its various functions.
Having researched the pathology of Huntingfon's disease, | will be able o make
an informed decision on which corrective method is best in its freatment and if

the freatment is actually feasible.

APPLICATION OF CRISPR GENE THERAPY
USED TO TREAT CANCER AND OTHER
DISEASES:

The treatment of cancer presents some of the most important and innovative
applications of gene therapy. To give an idea of the real-life applications
of gene therapy, | will highlight some of the most exciting and successful

approaches used fo treaf cancer and other diseases.

Using mice as models, scientists and researchers could imitate the course of
cancer progression in humans. They could then use these models fo experiment
with the treatment of cancer using CRISPR technology. One challenge which
immediately presented itself was the relatively large size of the Cas9 protein

in comparison to the somatic cells of the mice which made their delivery tricky.
However, several viral approaches were conceived, and these were injected
into the liver. The effector complex formed by Cas® and the gRNA was
delivered to target defective tumour suppressor genes Pten and p53. Mutations
occurring in these genes account for the rapid and uncontrollable cell division
of liver cells. CRISPR technology caused deletion mutations in the target genes
through HDR cell-mediated repair which halted the expression of the defective
gene and therefore stopped tumour growth. Another example of CRISPR gene
therapy was using an adenoviral vector to infroduce the knockdown of mutations
in the endogenous Pcsk? gene. The Pcsk@ gene codes for a fundamental
protein that helps regulating the amount of cholesterol in the bloodstream

(27). The treatment of this gene was successful and resulted in decreased
cholesterol levels in the bloodstream (28). Finally, a Cas® delivery vector based
on an adeno-associated virus has been used to targef post-mitotic neurons in
adult mice. The effector complex was targeting a single gene Mecp?2 (which
causes the neurodevelopmental disorder Rett syndrome (28)). The therapy was
delivered by injection into the dentate gyrus, which is part of the hippocampal
formation in the temporal lobe of the brain (29). The treatment was successful
and has provided an exciting new outlook into the potential for using this method

to treat brain cancer.

These three applications provide a general insight into the use of gene therapy
and the variety of its uses. The use of gene therapy seemingly always provides
new data and information alongside successful treatment. | am hopeful that the
uses of gene therapy will continue to broaden so that even the most obscure

genetic diseases can be treated and cured.

PATHOLOGY OF HUNTINGTON'S DISEASE:

With the process of gene therapy and its current applications in mind, we can
begin to understand how these therapeutics could offer an effective treatment

used fo cure a genetic disease such as Huntington's disease (HD).

Huntingfon’s disease is classed as an autosomal dominant disorder, which is
caused by an inherited difference in a single gene. The “autosomal” refers to

the location on one of the numbered, non-sex chromosomes, while “dominant”
means that only a single copy of the mutated gene is needed to cause the
inheritance of the disorder in the next generation. To explain further, every person
inherits two copies of each gene; a chromosome from each parent. The ferm
allele denotes the variant of a given gene, and this is often preceded by the
word “dominant” or “recessive”. If an allele is “"dominant”, it will always express
the trait even if there is only one copy, whereas “recessive” alleles can only

express themselves if there is a copy from each parent.

This means, that if one of the two parents is heterozygous — only contains one
copy of the nontypical gene — there is a 50% chance that they will pass on the

mutated gene.

Aflected child  Unaflected
child

Unaflected  Aftected child
child

OMAYD FOUNDATICN FOR MEDMCAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED

Figure 8 - the autosomal dominant inheritance pattern https://www.mayoclinic.
org/-/media/kems/gbs/patient-consumer/images/2013 /11 /15/17 /37 /
r/_autosomaldominantthu_jpg.jpg

This increases fo /5% if both parents are heferozygous. The diagram to the right

shows the autosomal dominant inheritance pattern.

Not only are the inheritance rates shockingly high for families offected by
Huntingfon’s, but the course the disease itself runs is even more terrifying. The
decline begins often with mild psychotic and behavioural symptoms, and is
slowly followed by chorea — a movement disorder that causes irregular and
unpredictable muscle movements (30) — and dementia. Sufferers will eventually
plummet info a life affected by deep depression, hallucinations and delusions.

The relentless neurodegeneration is a hallmark of Huntington's disease and
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the torture of not knowing when the disease will strike make it one of the most

devastating diseases.

THE IMPORTANCE OF CAG REPEATS

The defect, which is located near in the first exon of the short arm of chromosome
4, involves a type of mutation called a trinucleotide repeat. A trinucleotide
repeat is a sequence of three nucleotides in consecutive succession. If repeat
numbers exceed a certain threshold, there can be adverse effects on the

function of the gene which often results in a genetic disease (31). In the case of
Huntington’s disease, the defect is caused by the number of CAG (which codes
for the amino acid glutamine) codon repeats in the gene. If this number is below
thirty-five repeats, the person will not be affected by the disease, but if the codon
is repeated over thirty-nine times, they will slowly begin this neurodegenerative
decline until they die. The age at which the disease will begin to show its effects
can only be predicted by the number of repeats contained in their genome,
which leaves sufferers in a state of prolonged and torturous anxiety. Such is the
horrifying nature of Hunfington’s disease to which many scientists have been

frying to find a cure.

Since the number of CAG repeats determined whether or not people
developed the disease, researchers began to hypothesise whether glutaminergic
overactivity (excifofoxicity) was key in the pathogenesis of Huntington's. While
this has proved fo be true, there are other pathways which include oxidative
stress, apoptosis and abnormal protein-protein interactions that can cause

transcriptional dysfunction and mutated gene expression (32).

The normal function of the Huntingfon gene is to code for a protein called
Huntingtin. The profein is widely distributed around the central nervous system
and this has led researchers to question how its mutated variant gives rise to

the loss of neurons which is characteristic of HD. The normal protein is usually
found in the in the cytoplasm of neurones and nerve cells (33), and is involved in
protein degradation infracellularly. Researchers who investigated the effects of
increasing the number of CAG repeats in mice models, found that the proteins
formed insoluble aggregates in the proteosome of the nucleus. The formation of
these insoluble nuclear aggregates reduces the proteosomes capacity to digest
other infracellular proteins, including those related to promoting cell apoptosis.
Although there is sufficient evidence to support the concept that aggregate
formation is the causal agent in neuronal death, there is not enough evidence to
suggest it is the only mechanism. Another potential cause of cell dysfunction in
HD is the disruption of transcription by the binding of mutant Huntingtin proteins
fo transcriptional machinery (34). This prevents any new genes from being
transcribed which ultimately leads to cell death. The neurodegeneration which
is caused by Huntington's disease is characterised by this progressive loss of
neurons. If there was a treatment which could alter the mutated Huntingfin gene,
then the death of neurons could be prevented, and in turn, we could prevent

neurodegeneration by Huntingfon's disease...

CONCLUSION: IS GENE THERAPY
AN EFFECTIVE TREATMENT FOR
HUNTINGTON'S DISEASE?

| have discussed the history, the mechanisms behind gene therapy, and the
pathology of HD in my ILA, however, there is still a lot more depth to the process
of gene therapy and its applications are extensive. My research has sfill given
me a very good basis from which | can make a conclusion to my ILA question.
In fact, there are multiple mechanisms which have the potential fo treat HD and

| will evaluate their potential to be successful and which is the most feasible

treatment.

Firstly, we must consider whether the treatment should be performed in vivo or ex
vivo, as this will ultimately determine which mechanism /type of gene therapy is
used. Usually, ex vivo freatments are better suited for treating diseases related
to the blood, such as haemophilia (35), where a person’s stem cells can be

engineered with a funcfional gene before they are refurned to the body.

On the other hand, in vivo freatments are far better suited for reaching specific
fissues or organs that can be accessed via the blood. In vivo methods, therefore,
have a better chance of successfully freating targets in the central nervous system
because they can be delivered via an intracerebellar injection directly info the
brain. However, there is an extra complication when performing in vivo gene
therapy in the brain: the blood-brain barrier. I discuss the solutions fo this hurdle
as | evaluate each treatment and their vectors, which have the potential o treat
HD.

WHICH VECTOR AND TYPE OF GENE
THERAPY ARE THE MOST SUITABLE FOR
DELIVERING THE TRANSGENE TO THE
TARGET CELLS AND FOR THE CORRECTION
OF THE GENE?

The vector used to fransfect or transduce a correcfive gene depends on the type
of cargo they are transporting. While each mechanism can use either viral or

nonviral vectors, often there are benefits to using one rather than the other.

The potential of using virally expressed interference RNA to alter the mutated
Huntingfin gene was explored by a team of scientists. They used short hairpin
RNA (shRNA) molecules, which are sequences that have a hairpin loop in
them as their name suggests. In certain situations, this molecule has a similar
mechanism to both siRNAs and microRNAs, which induce the silencing of a
particular gene (36). The shRNA can be incorporated into viruses such as
refroviruses, adenoviruses and AAVs, which permit stable and more efficient
transduction than nonviral vectors. This is especially helpful for targeting cells
which are particularly difficult to access. However, delivering the fransgene into
the brain is especially difficult due to complications with the blood-brain barrier
which protects the brain from pathogens. For this reason, the adeno-associated
virus, which was successfully used to cross the blood-brain barrier (37), can be
used to deliver the shRNAs. In mice model, the team was successfully able to

silence the human mutant allele (38).

However, there is another complication with this method: the treatment was not
specific enough for the mutant allele. This is because several other functional
genes have CAG repeats which were silenced by the shRNAs resulting in
adverse effects. One strategy which was employed to overcome this, has

been o target a single nucleotide polymorphism (SNP), which distinguishes
between the mutant allele and the other CAG repeats themselves (38). A single
nucleotide polymorphism is a germline substitution of a single nucleotide ot a
specific locus on the genome (39). This has only been tested in mice, due to the

ethics surrounding germline gene editing in humans which | shall summarise now.

The idea of germline alterations is controversial. While it could prevent future
generations from inherifing Huntington’s disease and other similar disorders, it
has the potential to affect the development of a foetus in unpredictable ways
with side effects which are potentially worse than the defect you are frying to
correct. In addition to this, people who are treated using germline gene therapy
do not have a choice as they are not born yet; some say it is unfair to practice
this therapy on them without their consent and their choice. Scientists have only
(legally) practised somatic cell therapy, and extensive research info the effects

of germline cell therapy needs to be conducted before its application in animal
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models and subsequently its application in humans. New laws and legislation
must be implemented before this practice can be initiated and its ethics
should be considered before it is made legal. The ethics surrounding germline
cell therapy is a huge subject and while | have summarily discussed it in this
paragraph, my ILA has primarily focused on the science behind gene therapy

freatments.

Similar to the shRNA method, is the use of sIRNA, although its effects are short-

acting and it therefore requires continual dosing in order for successful treatment
to be achieved. The mechanisms of both siRNA and shRNA are compared in the
image below, and while both achieve the same end effect, there are nuances in

their mechanisms of action.
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Figure 9 - The mechanisms of siRNA and shRNA when applied in the CNS
https:/ /www.ncbi.nlm.nih.gov/pmc/articles/PMC5702971 /

Another method which has the potential to treat HD is the use of antisense
oligonucleotides. These are particularly helpful in conjunction with RNAse

H which are advantageous when a distinct RNA dysregulation or protein
accumulation is recognised as the cause of the disease. In the pathology of HD,
| described the aggregation of insoluble Huntingtin proteins which gathered in
the cytoplasm of neurons and led to cell death. Since these proteins, which are
translated from mRNA, are the primary cause of Hunfingfon’s disease, treatment
using RNAse H is a possibility. The pairing of ASOs to their complementary
mRNA target activates the RNAse H enzyme (due to the mimicry of DNA-RNA
binding in DNA replication), which causes the degradation of the mRNA target.
This destruction of the mRNA inhibits the translation of the gene so less protein
aggregates. The beauty of this method is that the ASO itself avoids degradation
by the RNAse H because the enzyme specifically targets the mRNA. This means
that the ASO can cause the degradation of multiple mRNA strands which causes
the yield of Huntingtin to be further reduced. The results of testing in mice models
was the reduction of transgenic human mRNA by 50-80% across the brain
regions, and the survival rate was notably increased when applied to a more
severely progressing mouse (40). However, it still must be taken info account
that ASOs did not only targef the mutant Hunfingtin gene, but also several other
wild-types; luckily there were no observable adverse effects. However, the risk
remains that when applied to humans, the targefing of wild-type nonmutant

genes could pose a threat to the safety of the patient.

In order for ASOs to be successful, they must remain stable and maintain
efficacy over time for feasible treatment. The blood-brain barrier again proves

a challenge as it restricts entry of certain molecules based on their size, charge
or solubility, and since ASOs are not fransported by vector, the use of AAVs is
out of the question. Despite the prediction that highly charged ASOs would have
difficulty crossing the blood-brain barrier, their successful distribution in the CNS
was a surprising and exciting result when tested in mice using intraventricular or

intrathecal injection (22).

Before their application in humans, there are certain risks and challenges which
accompany the freatment by ASOs, that must be mitigated. Firstly, the on-farget
‘over-effectivity’ may result in the ASOs reducing the protein population by too
much. This can have adverse effects: a significant reduction in Huntingtin proteins
resulted in foxicities when experimenting on the effects of MRNA degradation

in rodents (22). Secondly, the lack of specificity of ASOs targeting can cause
off-target toxicities in wild-type genes. | have already highlighted the importance
of segregating CAG repeats and the actual Huntingtin gene in the application

of interference RNA; the same applies here.

While CRISPR-Cas9 is indisputably one of the most effective treatments

for oncogenes and certain types of cancer, it has limited applications with
current technologies and with current understanding in the freatment of
neurodegenerafive diseases. This comes down to the fact that it is hard to

insert CRISPR into the CNS as it is too large to fit in an AAV that can cross the
blood-brain barrier. Furthermore, CRISPR requires a PAM site to bind to which is
adjacent to the polyglutamine strand, which limits CRISPR application in treating
the Huntingtin gene. Most importantly, the bacterial origin of CRISPR which |
alluded to earlier has the potential to elicit an immune response in the brain.
However, the major benefit which other treatments cannot provide with current

technologies, is the ability of CRISPR to provide a permanent cure to diseases.

Although no treatments for Huntington's disease have been successfully trialled
in humans, the emerging knowledge of how gene therapy can be applied more
successfully, as well as the successful freatment of HD in mice model, provide
motivation for their future application to human patients. Current gene therapy
trials indicate that shRNA treatment is far more effective compared to ASOs or
siRNA. While ASOs do not require the exira expense and risks associated with
viral vectors, they have a short-acting effect which requires continuous dosing.
This has the potential to cause adverse effects due to on-target and off-target
toxicities, and while the same holds true for shRNA, constructs can be inserted

in conjunction with microRNA to mitigate the potential for shRNA-induced
neurotoxicity (41). The success of shRNA molecules which provided treatment
for several months in primates (41), as well as the successful application of
ASOs in mice models provide evidence that scientists are not far off from finding
the perfect gene therapy type for the treatment of Huntington's disease. | also
remain hopeful that in the future, scientists will be able to integrate a permanent
cure using CRISPR to treat HD. | conclude that the transition from animal-based
models to human applications is just around the corner and will hopefully be

means of an end fo the suffering caused by Huntington's disease.

CAN 'SUPERHUMANS' BE GENETICALLY
ENGINEERED INCLUDING TRANSGENIC
ORGANISMS

Finally, | refurn to my love of superheroes. While | have not discussed the
possibiliies of transgenic organisms in my ILA, the potential to fuse human DNA
with the DNIA of other organisms will be an exciting new chapter in the evolution
of the human species. My fitle ‘revolutionising the process of evolution’ refers to
the dawn of genetic modifications and its applications which may soon have the
ability fo create the ‘perfect’ human. Already, as discussed in my ILA, scientfisfs
have discovered the ingenuity of gene therapy which can be used to treat
numerous diseases; the ability to cure the most vicious diseases such as cancer
and Huntington’s disease brings us one step closer to ridding ailments in the
human species. In addition, the dawn of germline cell therapy has the potential
to create a genome without any flaws or mutations, and one which could

provide a superior human species with so-called ‘superpowers'.
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How the criticisms of Utilitarianism
underline a fundamental error in our

approach to ethical discourse

Winner of the University of Nottingham’s David Garlick prize for the best A

Utilitarianism as a normative ethical theory is attacked in a number of different
ways, however | hope to show how these criticisms demonstrate a fundamental

mistake in the way in which we go about breaking down an ethical theory.

The first crificism which is often asserted is the impracticality of Utilitarianism when
it comes to decision making in our daily lives. Even if we accept the idea that we
must act in the way that best tends to produce happiness it is impossible fo know
which actions will cause this. We cannot predict the vast and unforeseeable
consequences of our actions and hence Utilitarianism seemingly fails as we
cannot effectively and accurately fulfil the task of promoting happiness in the real
world. Mill strives to object fo this in his book ‘Utilitarianism’ writing ‘that there
has been ample time, namely, the whole past duration of the human species.’
His point here is that humans know basically which actions tend to produce
more happiness as a result of the cultivated experience of humanity and the
general attitudes that we have formed over time to specific acfions due to such
experience. Therefore, we know which actions to undertake to produce overall
greater happiness. However, one must question whether Mill is even obligated
to respond fo the challenge of impracticality. The truth of the principle of utility
and the very ethical theory itself is unaffected and detached from the question

of whether it can be usefully applied in the real world. If it is true to seek the
happiness of the greatest number, then this remains the case whether or not we
able to do so. Hence, we see that when discussing the validity of normative
ethical theories, the issue of practicality is unimportant as it has no bearing on
the actual truth of the theory. The question of practicality is however not useless
but rather misplaced. It should come later once a base ethical theory has been

established and we look to how it can be applied.

Another popular yet erroneous approach is to argue from the starting point of
a known ethical truth to try and establish or dismiss an ethical theory. To say
for example, that murder is always wrong, and then to identify a specific case
where Utilitarianism justifies murder is not necessarily a valid argument that
Utilitarianism fails as an ethical theory because it appears to justify a wrong
action. Whilst this argument may seem logical at first it presupposes that murder,
or another action is simply inherently wrong. This is to fall into the fallacy of
question begging as it assumes that Utilitarianism is incorrect and that some
actions must have inherent value to prove that Utilitarianism is in fact incorrect.
This structure of reasoning is common and often used especially in the case

of Utilitarianism, but it fails crucially in all cases because it cannot without

using circular reasoning establish that any given action is wrong. This problem
illustrates @ common mistake in how we approach ethics in that we try and find

a theory to cohere with our current values. This is problematic as our self-held

level essay in Religious Studies

Stuart Brown, Lower Sixth

beliefs cannot act as a firm groundwork for an ethical theory. Instead, we must
build up an ethical theory from its very foundation and derive attitudes towards

specific actions later.

The trolley problem and how it is discussed often shows our disposition to starting
from judgements of specific actions and then working fowards an ethical theory
to match such assumptions. This is @ common infroductory thought experiment

to the topic of ethics and is one where most start with an opinion on whether it
can be right to pull the lever to kill one and save five and work backwards to an
ethical position. However, this is foolish as the point of an ethical theory is not fo
justify our previously held beliefs and judgements but rather fo provide a starting

framework to build our ethical perspectives anew.

Whilst many of the crificisms of Utilitarianism fail, there is one which is very difficult
to overcome and demonstrates the correct way fo go about analysing an ethical
theory. This criticism is that Utilitarianism fails to successfully establish happiness as
having inherent value. Bentham falls victim to the naturalistic fallacy when trying
to establish the value of pleasure. This is the fallacy outlined by David Hume that
we cannot derive an ought from an is (in this case it is Bentham’s argument that
we naturally pursue pain and avoid pleasure and hence we ought to do so). In
'Infroduction to the principle of morals, legislation’ Bentham writes on pleasure
and pain ‘it is for them alone to point out what we ought to do, as well as to
determine what we shall do’ showing how his assertion of the principle of utility

is fallacious. Most however, accept the inherent value of happiness as a brute
fact and do not seek to break down Bentham's starting assertion although this

is exactly what must be done. We must adapt our philosophical approach fo
examine the foundational assertions of ethical theories and hence decide their
merit rather than focusing on the practical application of the theory. This is the key
point in the failure of our approach to ethics as it is the starfing value assumptions
(such as the value of happiness in Utilitarianism) of ethical theories that must

be examined as these are the foundations of ethical theories and hence their

success is entirely dependent on their fruth.

In conclusion, as seen in the mishandled approach to the crificisms of
Utilitarianism, we must adapt our approach fo the analysis of ethics and shift our
focus from the practicalities and repercussions of accepting normative ethical
theories. Instead, we must judge their validity on the surety of their foundational

claims as only then can we properly assess the fruth of an ethical theory.
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From bunnies to Bitcoin trading

The ubiquity of Fibonacci

An extract of this short-listed Independent Learning Assignment (ILA)

PART ONE: INTRODUCTION AND CORE
MATHEMATICS

SCOPE

This paper looks at the prevalence of the Fibonacci Sequence in many areas,
including nature, architecture, stock exchange trading strategies, economics,
optics... and rabbit breeding. We explore some of the more interesting

mathematics behind the patterns.

FIBONACCI SEQUENCE

The Fibonacci Sequence (“the next number is the sum of the previous two") is

formally defined by the relationship

F=F+F ,(forn>1)and F, =1, F =0

0 equation [1]

This gives the sequence of integers,

///////

4181, 6765 and so on.

Itis a sequence nof a series, since a series in mathematics is where ferms are

summed as the series continues.

BINET'S FORMULA

Rather surprisingly, there is an exact formula, known as Binet's Formula, for the
nth Fibonacci number. To derive this, note that the formula in equation [1]is a
difference equation. We shall use a well-known technique (e.g. one source
for this is math.umass.edu Chapter 3: Linear Difference equations) for solving
difference equations by assuming that a solution can be expressed in the

general form of

El = A" for some real number A

gives Ar= Ay A
A/z An-l AIZ-2
An-Q - An-2 + An-2

equation [2]
Then equation [1]
And dividing both sides by 4”2 gives
= A2=A"'+ A°

= A*-A=1=0

-b=V'b>-4ac

This is a quadratic equation and using the quadratic formula g, as the

solution(s) to ax?+bx+c=0 (here a=1, b=-1, c=-1 and we use A instead of x):

1:VED)?-4.1. (1) 1+V5

A= 2.1 D)

So we have two solutions that satisfy equation [2], namely

¢=% which is the well known golden rafio (known as phi), and

¢=% which is the conjugate of the golden ratio

Sam Hinton, Upper Sixth

As is well known, the golden ratio has some beautiful properties. We can
produce its square simply by adding 1, and we can produce its reciprocal by

deducting 1.

Thus the powers of ¢ and ¢ satisfy the Fibonacci recursion.

In other words, 9" = "'+ "2 and ¢! = g' + ¢*? and it follows that a linear
combination of ¢ and ¢ safisfies the same recursion. That is, for any real values of

a and b the sequence S, defined by S,= ap” + by satisfies the recursion.

This is the formula to safisfy the general recurrence condition, and we can use the
starting conditions of the Fibonacci Sequence to defermine a and b.

Using S, = 1, 8, = 0 we obtain the following:

1oV 15

Sy=a+b=0and §y=a =1
Subsmut\ngéwnh—ag|vesa( D) ) (1+5F) =1

= aVb=1
= a=‘/%cmdb=-‘/?

This gives the amazing Binet formula for the nth Fibonacci number:

(m/‘) (m/‘)

We can test this.

equation [3]

1+V5 6_

let's fry n=6, then Fy= (

6
1-V5
( 5 ) _17.94497..-0.055728 _ 5 0000
= 2.93607...

which is the 6th Fibonacci number.

GOLDEN RATIO OF FIBONACCI NUMBERS

Using equation [3], we can look at the ratio of consecutive Fibonacci numbers.

We have,
Il+1

o (59 -(5%)
Fn n n
()

: 1+V5 1-v5 \
Since | (T) | <1, asn gets very large, (T) gefs very small, and
we find that

n+1 n+1 n+1

NCoRE f) N CON
agsagy gy )

In other words, the ratio of consecutive Fibonacci numbers tends to the golden

ratio ¢ as the sequence grows.
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PART TWO: NATURE AND HISTORY
RABBITS

In 1202, Fibonacci considered the growth of an idealized rabbit population,
assuming that a newly born pair of rabbits are put in a field, each breeding
pair mates at the age of one month, and at the end of their second month they
always produce another pair of rabbits. For the purposes of his model, he

assumed that the rabbits never die, but continue breeding forever.

Fibonacci was interested in working out the population size of the rabbits during

ayear.

His calculations went as follows:

End of Breeding Adult Baby Total pairs
Month pairs  pairs
1 The two rabbits mate, but there is 1 0

still only 1 pair. )}f %;S

1

BB A
4B 4B 8

2 They produce a new pair, so there 1 1
are 2 pairs in the field.

3 The original pair produce a second 2 1
pair, but the second pair only mate
without yet producing offspring, so
there are 3 pairs inall.

4 The original pair has produced 3 2
another new pair, and the pair born
two months ago also produces their
first pair, making 5 pairs.

- B HE M8 I8 JB

P cpmewmmemeesorgas 0 HB 4B 4B &8 48
justproduced
4 58 &8
n At the end of the nth month, the

M HE A8 I8 B
S HB HB B JB
45 58 HB

number of pairs is equal to the
number of mature pairs (which is
the number of pairs in month n-2)
plus the number of pairs last month
(month n-1). Voila! The number in
the nth month is the nth Fibonacci
number.

Figure 2.1: Fibonacci's bunnies

Although the scenario used by Fibonacci was biologically simplistic, it was
the genesis of his recognition of the pattern that we now call the Fibonacci

Sequence.
GOLDEN RECTANGLES

Let's start with this geometric construction from the Fibonacci Sequence. We start
with a 1x1 square, add another 1x1 square fo it fo make a larger rectangle.

After that, we add a square to the long side of the rectangle to build a bigger

rectangle.

IFigure 2.2: constructing golden rectangles

We can continue this construction in the same way.

Figure 2.3: confinuing constructing golden rectangles

The long side of each rectangle is a Fibonacci number, and this continues
indefinitely. Note that the ratio of long side to short side is the ratio of
consecutive Fibonacci numbers, which as we have seen approaches the golden
ratio. These rectangles get closer and closer to being perfect golden rectangles.
This suggests one property that golden rectangles have. If you add a square to
the long side of a golden rectangle, you get another golden rectangle. Finally,

we can inscribe a spiral onfo our golden rectangles.

21x21

Figure 2.4: golden rectangles and the Fibonacci spiral
NATURAL PHENOMENA

This is a clue to why Fibonacci numbers appear in nature. This growth pattern

is a way of gefting bigger, maintaining the same basic overall shape, but
without changing the old structure. Humans do not grow this way. As children
grow, in general all their parts get bigger roughly equally. The length of a
person’s femur compared to their height has a one to four ratio, this ratio stays
consistent throughout a person’s life (Brabandere, 2017). Some animals and
plants, however, grow this other way as we shall see. Firstly, we note that the
Fibonacci Sequence appears frequently in nature. For example, you can find the
Fibonacci numbers by counting the scales on a pineapple, the rows of seeds in

a sunflower, efc.

Pinecones, pineapples, cauliflower, and sunflowers have Fibonacci numbers in
spiral arrangements. In these cases you can count spirals clockwise and counter
clockwise. The number of spirals in both directions are consecutive Fibonacci
numbers. Pineapples typically have 5 and 8 spirals, or 8 and 13 spirals. Spruce
cones tend fo have 8 and 13 spirals. Sunflowers can have 21 and 34, or 34
and 55 spirals — on occasions they can have as many as 233 (again in the

Fibonacci Sequence).
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IFigure 2.5: Fibonacci sunflower, with 21 clockwise and 34 antfi-clockwise spirals

Figure 2.6: Fibonacci pineapples

Considerable work in the field of “phyllotaxis” (the study of leaf arrangement
in plants) has shown that there is indeed a strong tendency in many plants

to follow a true Fibonacci pattern (for example as far back as 1754 Charles
Bonnet observed this phenomenon in his book “Research on the use of Leaves
in Plants”). There has been extensive research producing various theories as fo
why this might be the case, and perhaps the sirongest argument was actually
made, not by botanists, but by two physicists (Douady & Couder, 1996). In an
experiment involving adding tiny droplefs of a magnetic fluid fo silicon oil held
in @ magnetic field, they found that the spirals produced tended fo the Fibonacci
spirals. Since physical systems fend to converge to states that minimise energy,
they postulated that the spirals in botany are a result of the plant growing in a

way that expends minimal energy.

Figure 2.7: Fibonacci pinecones

GNOMONIC GROWTH

One animal that exhibits approximate Fibonacci geometry is the nautilus. As it
grows, it needs a bigger shell, but since it is difficult fo enlarge one's shell by
stretching it all directions, the nautilus instead adds a chamber to its existing shell
that's big enough for the body of the nautilus to occupy. The old part of the shell
is still there, and the overall shape is the same. It's just been extended in the same

way that the golden rectangles were extended above.

Figure 2.8: Nautilus shell showing the Fibonacci spiral

This is called gnomonic growth, where you grow by adding a piece to your
old shape, but still maintain the same basic shape. Adding squares to the long
side of golden rectangles is a geometric example of gnomonic growth and the

nautilus’s shell is a reasonable approximation fo that geometry.
GALAXIES

On an even larger scale, the golden ratio can be seen when looking at
galaxies. The spiral arms coming from the “bulge” (the centre of a galaxy)

approximately follow the shape of a golden spiral.

Figure 2.9: Fibonacci spiral in galaxies (above is Messier 83, a galaxy located

15m light-years away from Earth)
ANCIENT GREEKS

The ancient Greeks seemed fo be inspired by the golden ratio. In their buildings
and monuments, for example, they used golden rectangles, in other words
rectangles whose ratio between long side and short side equalled the golden

ratio.
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Figure 2.10: Fibonacci spiral in Greek Architecture

OBSERVATIONS

It has been demonstrated that Fibonacci is abundant in the natural world.
However, it is important to distinguish between a genuine Fibonacci pattern and

a coincidental approximation to Fibonacci.

The idea that rabbits breed in such a way that the population increases following
the Fibonacci Sequence is an interesting hypothesis. The conditions for this were
idealistic in that it was assumed that rabbits mated a limitless number of times,
never died and never experienced infertility or stillbirths. Similarly the number of
offspring was assumed to be one pair per couple. Using these assumptions we
have shown that the rabbits do exhibit growth in accordance with the Fibonacci
Sequence. However, in order o obtain this pattern the assumptions and
conditions to model the population growth are simplistic and clearly unrealistic.
The actual growth of a rabbit population is dependent on many factors and in
reality does not follow Fibonacci. There is mathematical interest in creating the
conditions for the Fibonacci Sequence to emerge, but it is largely hypothetical

and unrelated to the real-life situation.

Similarly, we have seen that the Fibonacci spiral seems to appear in the study of
the geometry of galaxies. However, while the nature of the galaxy seen in figure
2.9 forms a spiral, in reality there are a numerous different shapes for galaxies.
As well as spiral galaxies such as Messier 83, there are barred spiral, elliptical
and lenticular galaxies. These galaxies do not show any signs of Fibonacci
spirals. For example, figure 2.11 shows a lenticular galaxy that appears to have
circular features, however there are no noticeable Fibonacci spirals. Moreover,
the galaxies that do show spirals make up only 31% of galaxies in the distant
universe (NASA, 2013) and while some appear fo be similar in shape to the
Fibonacci spiral we have seen before, many are merely spirals with a loose
resemblance to the true Fibonacci spiral. It seems likely that the general notion
that galaxies follow Fibonacci is partly exaggerated based on a confirmation
bias. Analysts find galaxies that approximately fit within the model of the spiral

and are tempted to apply it fo the entire cohort of galaxies.

Figure 2.11: Lenticular Galaxy NGC 524

On the other hand, there is no doubt that in nature and botany in particular, the
examples used in this chapter exhibit true Fibonacci characteristics. Considerable
scientific work has been carried out over the centuries to confirm these patterns

and indeed fo establish plausible theories that explain why such patterns occur.

PART THREE: FURTHER FIBONACCI
MATHEMATICS

“NON-FIBONACCI SEQUENCE” FIBONACCI NUMBERS

We derived equation [3] to give us the nth Fibonacci number.
<l+\/g)” ) (1+\/g)”
PN 2 )
V5

So we usually find F_n for a given integer n. But what if we treated this simply as

a continuous function? In other words, let us consider the function f(x) for all x:
(1+\/5 ) (1+\/5 )
2 2
V5

This function makes sense when x is simply a positive infeger, and it produces the

F(x)=

Fibonacci Sequence.

Now let us consider negative integers. The formula indeed still works and we

can produce a table of results as follows:

-20 -6765.0000 -9 34.0000
-19 4181.0000 -8 -21.0000
-18 -2584.0000 -7 13.0000
-17 15970000 -6 -8.0000
-16 -2870000 -5 5.0000
-15 610.0000 -4 -3.0000
-14 -3770000 -3 2.0000
-13 233.0000 -2 -1.0000
-12 -144.0000 -1 1.0000
-11 89.0000 0 0.0000
-10 -55.0000

Figure 3.1: table of x and f(x) values for negative infegers a
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This starts to look interesting, since although the absolute values of f(x) match the
Fibonacci numbers that we obtain using positive infegers, we note that the sign
alternates between negative and positive. How this happens becomes clearer

when we move on to consider non-integer values of x.

We immediately encounter a complication when x is not an infeger, since
(%) is a negative number. Raising a negative number to a fractional
power gives a non-real answer. For example, when x=0.5, raising fo the power
of a¢ is the same as taking the square root. The square root of a negative number

is not a real number.

But this should not deter us, since we can use complex numbers. Complex
numbers are written in the form of a+6¢, where a and 4 are real numbers and
2=-1. They can be plotted on the complex plane, where we use the real portion

along the horizontal axis and the complex portion on the vertical axis.
So, we can calculate f(x) for all values of &. What does this look like?

Firstly let's produce a table of values for a range of & values. A fuller table is in

Appendix |, but here is an extract. This is a table of values of & and f(x) where
_(1+VBN (1-V5 N
fe-(2) (55*)
V5

Here a ranges from -2 to +3 and f(x) is over the complex domain.

x fx)
-2 -1.0000 + 0.0000 i
-1.9 -0.8820 + -0.3448 i
-1.8 -0.6722 + -0.6250 i
-1.7 -0.3983 + -0.8199 i
-1.6 -0.0914 + -0.9185 i
-1.5 0.2173 + -0.9204 i
-1.4 0.4991 + -0.8343 i
-1.3 0.7306 + -0.6763 i
-1.2 0.8956 + -0.4683 i
-1 09855 + -0.2346 i
-1 1.0000 + 0.0000 i
-09 0.9459 + 0.2131 i
-0.8 0.8360 + 0.3863 i
0.7 0.6875 + 0.5067 i
0.6 0.5195 + 0.5677 i
-0.5 0.3516 + 0.5689 i
-04 0.2014 + 0.5156 i
-0.3 0.0834 + 0.4180 i
-0.2 0.0078 + 0.2894 i
0.1 -0.0201 + 0.1450 i
0 0.0000 + 0.0000 i
0. 0.0639 + -0.1317 i
0.2 0.1638 + -0.2387 i
0.3 0.2891 + -0.3132 i
04 0.4281 + -0.3509 i
0.5 0.5689 + -0.3516 i
0.6 0.7004 + -0.3187 i
0.7 0.8140 + -0.2583 i
0.8 09034 + -0.1789 i
09 0.9654 + -0.0896 i
1 1.0000 + 0.0000 i
1.1 1.0098 + 0.0814 i
1.2 0.9998 + 0.1476 i
1.3 09766 + 0.1935 i
14 09477 + 0.2168 i

1.5 0.9204 + 0.2173 i
1.6 0.2018 + 0.1969 i
1.7 0.8974 + 0.1597 i
1.8 0.9112 + 0.1105 i
19 0.9453 + 0.0554 i
2 1.0000 + 0.0000 i
2.1 1.0737 + -0.0503 i
2.2 11636 + -0.0912 i
2.3 1.2657 + -0.1196 i
2.4 1.3758 + -0.1340 i
2.5 1.4893 + -0.1343 i
2.6 1.6023 + -0.1217 i
27 1.7115 + -0.0987 i
2.8 1.8146 + -0.0683 i
29 1.9108 + -0.0342 i
3 2.0000 + 0.0000 i

Figure 3.2: table of & and f(x) values over the complex plane

When we plot f(x) on the complex plane, something wonderful appears:

Imaginary Axis

50.0 60.0
Real Axis

Figure 3.3: the plot of £(x) on the complex plane produces a spiral pattern

This is an extremely interesting graph. Not only do we see a beautiful spiral
pattern, reminiscent of the spirals we saw in golden rectangles and in the
nautilus, but the plot continues along the real axis in a remarkable way. We can

"zoom in" by looking af the graph that is produced when a ranges from -3 1o 4:

| Imaginary Axis

x=1.5

0 et 2 Realaxis

2L 3.0 35 4.0

Figure 3.4: closer examination shows the Fibonacci numbers where the graph

crosses the real axis

We can see how the spiral loops around and around, repeatedly crossing the
real axis. If we note where it crosses the real axis we see that it is atf the values of

the Fibonacci Sequence.
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As x increases, the graph undulates above and below the real axis — getting
closer and closer fo it but only ever crossing at an actual integer Fibonacci
value. We can also observe that the nature of the spiral in the complex plane
shows why for negative integers the sign changes - the graph crosses first the
positive part of the real axis then spirals round to cross the negative part of the

real axis and so on.
TRIBONACCI SEQUENCE AND BEYOND

The “Tribonacci numbers”, 7, are a generalization of the Fibonacci numbers

nt

defined by 73=1,7,=1,73=2 and the recurrence equation 7,=7,, \+ 7, ,+ T, 5 for

n

integers 2>3.
The first few terms using the above 1, 1,2, 4,7, 13, 24, 44, 81, 149, ..

Using a similar technique to finding Binet's Formula, let us assume the general

solution is of the form 7',=B"

Then the recurrence condition gives B'=B"'+B"*+B"?

And dividing both sides by B"* gives 15"13 = gz; + 2:2 + g:z

= B-B+B+B°
= B5-B>-B-1=0
Thus the roots of this cubic equation form the basis for the general solution of the

Tribonacci sequence. The general solution for a cubic equation is well known but

is extremely "messy”. Thus the solutions of ax®+ba?+cax+d=0 are given by

N3i 1 3
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If we substitute in a=1, b=-1, ¢=-1 and d=-1 then the last of these solutions

becomes

B, 1+°V(19-3v33) +°*V(19+3V33) which is approximately 1.8393...
3

The other solutions B, and B; are complex numbers and the general solution to
the nth Tribonacci number is a linear combination of the three solutions, namely

" M n
B B, B;

L FraB 1t BLRaB 1 * B AB

n

Now, as n — the ratio of 7),,, to 7}, tends to the ratio of the real solutions
(we show below the reasoning for this), i.e.

Bi”l
(-B$+ 431-1)

V. N
(—B%+ 431-1)

We can test this. Let's take the rafio of 149 to 81 which is 1.8395... which is very

close to the exact value for B, above.

Fibonacci and Tribonacci have been extended in many ways. For example,
Tetranacci numbers start with four predetermined terms, each term afterwards

being the sum of the preceding four terms. The first few Tetranacci numbers are:

0,0,0,1,1,2,4,8,15,29, 56, 108, 208, 401, 773, 1490, 2872, 5536,
10671, 20569, 39648, 76424, and so on.

It can be shown (see below) using similar logic as we have applied to the
Fibonacci and Tribonacci sequences, that the ratio of consecutive terms
converge fo the real solution of the quartic equation a#-a%-a?-2-1=0,

approximately 1.9276...

Again, lef's test the ratio of 10,671 to 5536 which gives 1.9276.

Pentanacci, Hexanacci, and Heptanacci numbers can all been computed

(being the sum of the last 5, & and 7 numbers respectively):

Pentanacci numbers: 0, 0,0, 0, 1, 1,2, 4, 8, 16, 31, 61, 120, 236, 464, 912,
1793, 3525, 6930, 13624, ...

(here the ratio of consecutive numbers tends to 1.966...)

Hexanacci numbers: 0, 0,0,0,0, 1, 1, 2, 4, 8, 16, 32, 63, 125, 248, 492, 976,
1936, 3840, 7617, 15109, ... (ratio tends to 1.984...)

Heptanacci numbers: 0,0, 0,0, 0,0, 1, 1,2, 4, 8, 16, 32, 64, 127,253, 504,
1004, 2000, 3984, 7936, 15808, ... (ratio tends to 1.992...)

One could go on and compute Octanacci numbers and Enneanacci numbers

but we will pause here. We can plot these ratios for the “n-nacci” series:

2:5
2 =
—
/ Tetranacci
Ratio of 1
successive Tribohacci
terms 1
Fibonacci
0.5
"n-nacci"
g ‘ . n . i
0 2 4 6 8 10

Figure 3.5: ratio of successive ferms for Fibonacci, Tribonacci, Tetranacci and so

on

Consider an n-nacci sequence defined by
Z,=0 AL, L 5+t L,

where m is the order of the n-nacci sequence (i.e. for the Tetranacci m= 4, for the

Pentanacci m= 5 and so on).

So again if we try a solution of the form Z =a" then we get

-1 -2 i3 /2-m

Q=TT
= am=am a2 a5 ] (dividing by xm)

= xmaamam3o -1 = 0 (rearranging) equation [4]

Firstly, we consider real solutions .

Now if 0 < & < 1 then a”! will be greater than & since a™ is between O and 1
and is being raised to a higher power. Similarly &2 is greater than &, and so
on. This however creates a contradiction since it implies a”-x"1-a" 220" 3-...-1 is

less than O. Therefore x cannot be between 0 and 1.

Further, if  <-1, then (i) if m is even a is positive and greater than 1 and the
following odd power & is negative and greater or equal in absolute terms
than the following positive term & , hence a”-a" 1-a"2-a"5-... -1 is always
greater than O; (i} if m is odd & is negative and greater in absolute terms than
1 and the following odd power a1 is positive and greater or equal in absolute

-2

terms than the following negative ferm & , hence a”-a - 20" 3-...-1 is

always less than O. Therefore a cannot be < -1.
Therefore we have shown that any real solutions are in the range {-1<x<0x>1

According to the Fundamental Theory of Algebra (which states that a polynomial
of degree n has, when counted with repeated roots, exactly n roots, real or

complex), there may be complex number solutions that also satisfy
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a-x e 2eam5- - 1=0 For this to be the case, if the solution is in the form re

(for r=0,0<0<2x) it has been shown that Irl<1 (Shevelev, 2014).

Now consider the general solution,

P "
Z =) X +ay Xo+...4a,, X

“‘m

where a, are constants found from the initial starting conditions of the sequence

and x, are the solutions (real and complex) of a-am1-am2-xm3-...-1=0

1 n+l n+l
s @ + @py” X
imi i lim -

Then the limit of successive terms becomes lim AT A Tt ]

In this limit, any complex roots ., tend to 0 as n approaches infinity (since Irl<1
from above), and any real roofs in the range -1<x<0 also tend fo 0. This leaves
the case of the real solution where a>1. If we assign ifs coefficient as a, then the

1

axt*

t; xl” =x, where x;>1.
107

limit becomes

In other words, the ratio of successive terms of the n-nacci sequence tends to the

positive real root as n approaches infinity.

For an "n-nacci” sequence, we have shown that the limit of the ratio of successive

terms approaches the real root of

- loan e, -ae2--1=0 (equation [4] above)

= arlat-a-ma-a-a=0 (multiplying by )

= - (1+a+a?+...+x" ) +1=0 (rearranging)

= ala-(x) +1=0 (since (1+a+a?+...+x"")=x"from equation [4])
= 12 2+ 1=0

=1 1=2 2"

= x+a=2 (dividing by ")

Hence in general for a “n-nacci” sequence, the limit of the rafio of successive
terms of an n-nacci series tends to a root of the equation a+a=2, and in the
limit as z=—> <t is easy fo see that x—2 (since we have shown above that the
positive real root safisfies a>1 and therefore in the limit a™ tends to zero), which

is consistent with the graph above.

This is only a segment of Sam’s ILA. The rest discussed the use of the

sequence in stock markets (specifically technical analysis).
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What would have to change about ‘democracy’
in order to restore faith in democracy

among young people!

Finalist in the 2023 Northeastern University Essay Competition

Young people - who | shall class as anyone aged 16-24 (ioking the 18-24
grouping used by Parliament and extending it fo include those who may be
enfranchised in the future) — are the future of democracy, and thus it is critical that
they have faith in its operation; lest we fall into the enclave of authoritarianism.
An increasing number of protests worldwide and a surge in populism signals
that youth are tired of democracy’s inefficiency. Populist success can be seen
worldwide - from the hisforic city of Rome where you can find the newly elected
far-right Fratelli d'ltalia, to Orban in Budapest, across the Mediterranean to
Syriza in Greece - the list goes on. Correlations drawn with figures showing
that 55% of Italian youth no longer believe that democracy is the best form of
government’ — 7% higher than the average for European youth! — demonstrates
that the rise of ‘Fratelli d'ltalia” is alongside a growing lack of faith in democracy.
This is no coincidence and is happening across the globe. Thus, it is clear a

solution is needed.

Direct democracy would appear to be the perfect solution to loss of faith in
democracy among youth - the turnout for the 2016 Brexit referendum being
10% higher than that for the 2017 election among 18-24 year olds? is evidence
enough that youth prefer a form of direct democracy. Not only would this give
young people the impression that they could make a tangible difference, but

it would also reduce this notion of ‘democratic disconnect”® — the alienation

of young people from democratic processes. Youth also have a lack of trust

in governments — with such a process young people will be confident that
governments will no longer be able to ‘sell’ policy decisions fo the highest
bidder through party donations to as great an extent. Further to this, Colin
Crouch argues that; ‘'democracy requires the formal mechanisms of citizen
participation but also proof of genuine political agency’- which in the eyes

of young people is not being fulfilled, seeing little “political agency’ (actual
actions) taking place with regards to their concerns. Consequently, we can
conclude that young people would, by Crouch’s argument, be seeing a failure
and consequently be having a lack of faith in democracy, due to this perceived
absence of ‘political agency’~ a situation Crouch labels a ‘post-democracy™.

Such an implementation would deal with the perceived lack of action alongside

Joshua Inglesfield, Lower Sixth

strengthening ‘citizen participation” and so increase faith in democracy. But
there is a significant drawback to this suggestion. Imagine you wake up to a
nofification on your phone - notice of the 2nd referendum this month. Before
you can even consider the proposition you must go to work, cook dinner, and
go to the supermarket. 349 minutes® - the average amount of ‘leisure time’

per day for Britons - is all you have left. 349 minutes dwarfed by the amount
of ime Public Bill Committees spend inspecting a bill, and certainly too little
time to properly understand the subject of the referendum. This is the constraint
of ime. The average person simply does not have enough of it to consider the
wider implications of their vote, nor how the policy enacted by the referendum
might fit in with existing policy. Consequently, their voting behaviour will become
a lottery, an impulse on the day rather than a considered vote. So, while

direct democracy may seem invifing, once realised the population would find
themselves confused, overwhelmed, and not able to make a decision to benefit
even themselves. Thus, if this were to take place the number of referendums
would have to be strictly limited, and be on larger, more straightforward

questions such as capital punishment.

The voting age is a hotly disputed topic in Brifish politics. For years groups such
as the Electoral Reform Society® have campaigned for the voting age to be
lowered fo 16 — mentioning arguments such as increasing polifical participation
for generations to come” - but few cite increasing faith in democracy as

the primary argument. The Electoral Reform Society’s argument is a valid

one - they argue that if you "don't vote, you are less likely fo vote in future”®

~ and that by enfranchising these new groups we could encourage greater
lifelong participation. This would have the additional benefit of increasing

faith in democracy, increasing involvement and again reducing a democratic
disconnect to youth— with Dr Foa and Dr Mounk writing that in the UK young
people are less likely to vote for the often-anti-democratic populists when
'mobilised to vote'” — which here would be enfranchising 16- and 17-year-
olds. An additional argument for lowering the voting age being the solution to
declining faith in democracy among young people is the idea that when youth

are not directly involved in democracy, they lose faith in it'°. This action would

1. TUI Stiftung/YouGov. (2017). “Young Europe 2017: The Youth Study of the TUI Stiftung.” www.tui-stiftung.de /wp-content/uploads,/2017 /05 / All-results-TUI-Stiftung_European-

Youth.pdf .

2. Stephan Mashford/89 Scotland. (2020). “Youth turnout — How does the UK compare to other European nations?” https://89initiative.com /youth-turnout-uk-europe/ .

Foa, R.S., Klassen, A., Wenger, D., Rand, A. and M. Slade. (2020) "Youth and Satisfaction with Democracy: Reversing the Democratic Disconnecte” https:/ /www.bennetfinstitute.

Electoral Reform Society. (2017). “Background on Votes at 16" https:/ /www.electoral-reform.org.uk/latest-news-and-research /parliamentary-briefings /votes-at- 16/ .

3.
cam.ac.uk/wp-content/uploads,/2022,/06/Youth_and_Satisfaction_with_Democracy-lite.pdf .
4. C. Crouch. {2004). Post-Democracy. Cambridge, United Kingdom: Polity Press
5. ONS. (2017). “Leisure fime in the UK: 2015" https:/ /www.ons.gov.uk/economy,/nationalaccounts/satelliteaccounts/articles/leisuretimeintheuk /2015 .
6.
7. Electoral Reform Society. (date not disclosed). “Votes at 16" https:/ /www.electoral-reform.org.uk/campaigns/votes-at-16/ .
8.  Elecforal Reform Society. (date not disclosed). “Votes at 16" https:/ /www.electoral-reform.org.uk/campaigns /votes-at-16,/ .
9. R.S.Foa/Y. Mounk. (2019). “Youth and the populist wave” hitps:/ /journals.sagepub.com/doi/full /10.1177 /0191453719872314 .

10. A. Correia. (2021). “The necessity of youth support in sustaining democracy” https://diplomatmagazine.eu/2021 /11 /20/the-necessity-of-youth-support-in-sustaining-

democracy/ .
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therefore seem to fulfil all criteria to increase faith in democracy among youth

~ but there is an obvious drawback — nothing has changed for the currently
enfranchised youth. Such a change would therefore do nothing to deal with the
current decline in faith in democracy among the ages 18-24, a dangerous risk
given that these are the ages which are already propelling exireme populists

fo power in nations such as Greece. Far from ameliorating the situation, this
would risk escalating it. The youth ignored by such a reform may feel further
alienated and see another failure of democracy fo crificise, one that risks pushing
the democratic disconnect to an irrefrievable state of separation between

democracy and young people.

First Past The Post (FPTP) — a voting system which suppresses the votes of millions.
That is, from a crific’s perspective — but the fact is that FPTP's nature ensures

that only two large parties can ever redlistically hold government, a feature
which while does produce strong majoritarian governments (usually - 2010
Conservative and Liberal Democrat codlition is a notable exception), results in
smaller parties receiving almost no seats. But why is this a problem regarding
faith in democracy? If we take the argument that the principal reason for loss of
faith is not seeing action, would not FPTP be the obvious choice, empowering

a sfrong government fo take decisive action without being hindered by
Parliamentary squabbles or half-baked coalitions? Those arguments certainly
hold some water; however, the issue of representation must be raised. One of the
issues young people are most concerned with is climate; so many may support
the Green Party; but despite getting 2.7% of the vote share across the UK in

the 2019 general election, they only received approximately 0.15% of seats
available'. Thus, many young people who voted for a party that would pioneer
their beliefs have been left unrepresented. This feeling of being unrepresented
will likely lead to dissatisfaction and a lack of faith in democracy, as the problem
lies in the very essence of democracy, the voting system. The clearest solufion
would be proportional representation - as used by 40 European nations™. Such
a system would ensure that smaller parties pioneering the views of minorities or
smaller groups such as young people are heard and would allow for greater
political pressure to be applied for tangible action. Critics, however, would
argue that it gives opportunity fo potentially dangerous populist parties such

as Syriza, or even extremist ones as seen with the rise of the Nazi party under
proportional representation, portraying it as a vile breeding ground for hate.
However, it is necessary to nofe that in modern democracy this is rarely the case
fo such an extent, with parties such as ‘Alternative for Germany'” being kept

out of government - in fact, it almost seems as if FPTP is the envy of populists at
present, leading to Trumpism and pro-Brexit populist groups rising to power and

succeeding.

To conclude, young people will need to see a change to the very structure

of democracy to prevent further decline in faith in democracy — with it being
imperative that these changes are not superficial PR stunts but tangible changes.
What is needed is a two-fold implementation — With this in mind, | would
suggest that what is necessary for the UK is the simpler change of increasing the
number of referendums to involve youth fo a greater extent in democracy, and
the more structural change of shifting to proportional representation as a system
to give the silenced minority parties a voice. These two implementations would

allow for an increase in participation in democracy, which in turn would lead

to an increase in faith in it as young people see their policy aspirations manifest
into tangible change. Thus, as Aiden Correia writes; ‘'democracy is about

providing everyone with a voice. The youth are willing to falk; governments just
need fo start to listen’" — through the measures outlined above we can fight the

democratic apathy of young people before it spills over into antipathy.

1. BBC News. {2019). “Election 2019 Results” https:/ /www.bbc.co.uk/news/election/2019 /results .

12. M. Palese/Electoral Reform Society. (2018). “Which European countries use proportional representation?” https://wwuw.electoral-reform.org.uk /which-european-countries-use-

proportional-representation,/ .

13. L. Drutman. (2022). “10 Ideas to Fix Democracy — Abolish Two-Party Systems” https://foreignpolicy.com/2022,/01 /07 /10-ideas-fix-democracy,/ .
14. L Drutman. (2022). “10 Ideas to Fix Democracy - Abolish Two-Party Systems” https:/ /foreignpolicy.com/2022,/01 /07 /10-ideas-fix-democracy/ .
15, A. Correia. (2021). “The necessity of youth support in sustaining democracy” https://diplomatmagazine.eu/2021 /11 /20/the-necessity-of-youth-support-in-sustaining-
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Establishing the Effect of MOF Particle Size on
Uptake and Release of Semiochemicals

A research report written following an Original Research in

ABSTRACT

Metal-organic frameworks (MOFs) such as HKUST-1 have the potential to
function in sustainable agricultural practices as an alternative to pesticides

by adsorption and release of semiochemicals which attract pests. This study
explores the effect of particle size of the MOF on the uptake and release of
semiochemicals. The varying of MOF particle size in the HKUST-1 copper (l1)
MOFs was achieved through altering the feedstock of copper used in synthesis.
This produced different rates of uptake and release of the two semiochemicals
used, 1-hexanol and 3-octanone, both of which are used as pest attractants.

It was found that the larger sized particles have greater uptake of both
semiochemicals. Thus, we can tune semiochemical release through particle size
control in MOFs.

INTRODUCTION

With world hunger on the rise and an increase of up to 150 million
undernourished people from 2019 to 2022,(1), food poverty is one of the
world's most pressing problems. The current widespread use of pesticides, while
broadly effective in food production, has led to a variety of unintended negative
consequences. As well as the growing challenge of pesticide resistance,

one such consequence is the damage to local biodiversity as seen by the

70% reduction of insect biomass in Germany over the last few decades, (2).
Consequently, in the transition towards sustainable agriculture, which is one of
the seventeen sustainable development goals set out by the UN'in 2015 (3],

the need to develop improved and sustainable crop protection techniques

is of paramount importance. One proposed solution is the use of lure traps,
where a pheromone (a subset of semiochemicals which trigger a response from
members of the same species) evaporates from a container and affracts the
pest fowards the frap. However, due to the inherent volatility of pheromones, this
method would be impractical as the containers would have fo be replenished
far too often than is practical. Consisfing of metal ions coordinated to organic
linker molecules in a regular 3D crystalline structure, metal organic frameworks
[MOFs) offer a solution to this problem by adsorbing and then releasing
pheromones over a susfained period independently. With a high porosity and

a very large surface area (typically ranging from 1,000 to 10,000 m2/g (4]),
these hybrid structures are ideal structures for adsorption. These unique properties
of MOFs allow for large uptakes of pheromones, resulting in a longer release
period and so a greater number of pests affracted towards the bait and away
from the crop. Furthermore, their pore size can be altered to adsorb specific
substances by changing the constituent metal salt or ligand. This versatility of
MOFs offers a new mechanism with great potential for pest management

since the MOF, unlike pesticides, can attract different kinds of pests over a long
time period without the need for regular application. The pheromones used by
organisms in the real world, which usually consist of a mixture of chemicals, can
be mimicked by using just their main chemical component. A previous study

used 3-octanone fo recreate the effects of the ant alarm pheromone of the

Science (ORIS) placement
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Atta and Acromyrmex leaf-cutting ant species, which cause an estimated $8
billion damage to Eucalyptus forestry in Brazil every year (5). To help combat
the damage caused by ambrosia beetles, such as the destruction of 80% of
redbay trees caused by redbay ambrosia beetles in areas of southern US (6),
the pheromone attractant for ambrosia beetles 1-hexanol was used. These 2
semiochemicals were used to investigate the effect of particle size of the MOF
on the inclusion and release of semiochemicals, with the overall aim of finding
the most effective MOF size and structure fo use as an alternative to pesticides.

The Cu-MOF HKUST-1 was chosen for this study as it is highly prevalent in the

literature and ifs particle size can be easily tuned.

Figure 1: The structure of an HKUST-1 MOF. The large spheres indicate the pore

space.

RESULTS & DISCUSSION

Five different HKUST-1 samples with different particle sizes were prepared
by dissolving the linker, frimesic acid, and five different copper salts in DMF
followed by solvothermal synthesis in a microwave. Full details are supplied
in the experiment details. After synthesis, the 5 HKUST-1 MOFs underwent
X-Ray Diffraction (XRD) analysis to determine the crystallographic structure of
the samples. This technique involves incident X-rays of wavelength similar to the
atomic spacing in the crystal lattice being scattered by the regularly spaced

atoms. When the scattered
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Figure 2: The incident X-ray beam from the left is absorbed by electrons

surrounding the atom and then re-emitted at a new angle, 26 , relative to the

incident angle.
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Figure 3: XRD analysis of the 5 HKUST-1 MOFs. The HKUST-1 calculated value
is of the copper HKUST-1 MOF

waves constructively inferfere, the displacement of each wave is added fo form
a new wave with greater displacement, resulting in the peaks as seen in Fig. 3.
The angle between the incident and scattered beam is called 2©. The scattering
of X-rays at certain angles allows the crystalline phases present to be identified
in order to produce an XRD pattern unique to each sample. The more crystalline
the structure, the more intense the peaks Before being placed into the sample
holder for XRD, the MOF sample was crushed into a power to ensure fotal
randomness of the crystallite orientations so that the whole structure of the crystal

would be accurately represented.

Calculated from the Scherrer equation (see Appendix 1), the different crystallite
domain sizes on the right in Figure 3 give an indication of particle size, which
can be compared fo the calculated value of the large sized particles of the
HKUST-1 Nickel MOF. The sharpness of the peaks gradually increases in Figure
3 from acetate down to nitrate, indicating that, out of the 5 samples, the nitrate
MOF ions are the most ordered fo give the most crystalline structure. The relative
infensity of the peaks shows the same trend as the width, showing that nitrate has
the biggest particle sizes, in contrast with the broad and less intense peaks of the

smallest particle acetate.

This pattern could be due to the smaller particles such as those in acetate moving
around more and so not aligning in a crystal structure as much as the bigger
particles which are less inclined to move around, instead tending fowards the
crystal structure. The paddle-wheel shape of the HKUST-1 framework, which
helps give the MOF its rigidity, is shown in Figure 3, where the Copper 2+ ions

are in blue, oxygen in red, carbon in grey and hydrogen in white.

Figure 4: The paddle-wheel sfructure adopted by HKUST-1 MOFs with Cu2+

cations and benzene tricarboxylic acid anions (/)

To demonstrate their thermal stability, the MOFs underwent thermogravimetric
analysis (TGA), shown in Figure 5, where the mass of the sample was measured
over fime as the temperature
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Figure 5: Thermogravimetric analysis of Nitrate and Acetate

increased. The nitrate MOF is evidently more thermally stable than the acetate
MOF as it maintains a greater percentage of its mass throughout the heating
period. The initial decrease in mass due to the removal of water and other
chemicals used in the synthesis is followed by a steep gradient where the MOF
decomposes. The nitrate MOF has a higher decomposition temperature of
around 300°C than that of the acetate MOF at about 270°C. Although this
shows that the nitrate MOF structure is more thermal stable, the MOFs are
unlikely to be subjected to such high temperatures when used so this difference
is not of huge significance. However, oven temperatures exceeding 100°C
are used in the synthesis and activation processes, meaning it is likely that a
greater percentage of the acetate MOFs is lost due to thermal composition. This
gives the bigger particle sized nitrate MOFs an advantage in the practicality
of the synthesis. Only acetate and nitrate were used because the XRD patterns
of the synthesized samples, shown in Fig. 3, showed that they had the smallest
and biggest particle sizes respectively so all the other MOFs would fall
somewhere in between these 2 exiremes and thus would not be necessary to
answer the question of whether particle size affects the uptake and release of

semiochemicals.

To prove that the pores of the MOFs had successfully been emptied and that
the crystalline structure had been maintained after activation (the process of
emptying the MOF pores through washing) XRD and TH NMR analysis of the

activated sample was done.
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Figure 6 (a): XRD pattern of nitrate and acefate MOFs.

Figure 6 (b): TH NMR of the nitrate and acetate MOFs before and after

activation.

Figure 6(a) shows that the MOFs have maintained their structures affer being
washed with harsh chemicals like acetonitrile because the same intensity of
peaks appear at the same diffraction angles as Figure 2(a). This is important
because it demonstrates that the MOF structures are stable and will not be
altered by changing conditions. The NMR in Figure 6(b) shows that the peaks
of chemicals used in the synthesis (such as those of DMF between 2.5 and
3.0ppm, and diethyl ether at 3.3 and 1.1ppm) are absent in the activated
samples, evidence that the pores have been successfully emptied and are ready

to be loaded with semiochemicals. This means that the maximum amount of
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Figure 7: XRD patterns of Nitrate and Acetate MOFs before and after loading

showing little fo no change.

semiochemicals can be adsorbed into the MOF structure and then released,

which is important when trying to attract as many pests as possible.

These activated nitrate and acetate copper MOFs were then loaded with the 2
semiochemicals 1-Hexanol and 3-octanone, and the MOFs kept their crystalline

structures and were once again unchanged as shown in Figure 7.

This finding reinforces the idea that these MOF sfructures are very stable and
indicates that they are suitable for their purpose of storing guest semiochemicals

used in agriculture.

Figure 8 shows quick uptake of semiochemicals of both the nitrate and acetate
MOFs as they reach their maximum capacity before plateauing and reaching
equilibrium with the surroundings. However, the nitrate MOFs have a significantly
larger capacity to adsorb the semiochemicals in both loadings. This suggests that

the bigger particle sizes of the nitrate MOFs result in a greater.
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Figure 8: Loading info nitrate and acetate MOFs of semiochemicals (a)

1-Hexanol and (b) 3-Octanone

volume of semiochemicals adsorbed, thus making them more suitable as a

pest attractant. They are also suitable because of their ability to store a high
percentage of their maximum adsorption and maintain a stable structure with the
semiochemicals incorporated into the MOF structure for several days affer the

inifial loading.

FTIR analysis was then carried out to confirm the presence of the semiochemicals
in the MOFs through the appearance of their functional groups in the spectrums
of the loaded MOFs, shown in Figure 9. Each functional group contains certain
bonds which stretch and vibrate at unique frequencies (and therefore unique
wavelengths). When infrared radiation passes through the sample, these

bonds absorb the IR of wavelength similar to the wavelength of the stretching
and vibrating bonds, whilst the rest travels through unchanged. A graph of the
percentage of transmittance against wavenumber (the inverse of wavelength)
can then be plotted, giving peaks where the transmittance drops down because
the IR has been absorbed by a functional group. In this way, the identification
of different functional groups is relatively straightforward since each functional
group absorbs a particular frequency of IR (though there can be some overlap

between different groups).
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Figure 9: FTIR spectrums of the nitrate and acetate MOFs before and after

loading with semiochemicals

34



RGS Journal 2023

Figure 9(a) shows a broad trough at roughly 3300cm™! and @ more infense
peak around 2900cm-1, both representing the alcohol group of 1-hexanol,
present in the spectrum of the loaded MOF, but not in the activated or original
MOF spectrums. Likewise, the peak af 2900cm " in Figure 9(b) indicating

the kefone group from 3-octanone appears in the loaded MOF spectrum.
Interestingly, the sharp peak representing a ketone group at 1700cm’! in
3-octanone turns info a less intense shoulder-type peak just to the left of the
fingerprint region, a region of low wavenumber predominantly caused by C-H
bending vibrations which is unique to every compound. When forming part of
the paddle wheel structure of the MOF, the oxygen on the carbonyl group has
a lone pair of electrons. This allows ifs pi orbitals to overlap with the vacant d
orbitals of the copper at the centre to form a coordination bond with the copper.
This shift in electron density means the carbonyl group vibrates with less energy,
which means it has a smaller frequency according fo the equation E=hf where
h is a constant. Since wavelength is inversely proportional to frequency, the
wavelength absorbed by this bond will increase, and so the wavenumber will

decrease and thereby shift fo the right.

After loading the nitrate and acetate MOFs with semiochemicals, the MOFs

were ready to start the release process. Figure 10 shows that the 2
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Figure 10: Release of semiochemicals 1-Hexanol and 3-Octanone from nitrate
and acefate HKUST-1 MOFs

MOFs, kept at a constant temperature of 40°C, have a similar profile, except
for the fact that the nitrate MOF had over double the amount of semiochemicals
adsorbed within the structure to begin with. The rafe of release gradually
decreases over the first few days affer a relatively large decrease in the first day
where the semiochemical is released from the outer surface of the MOFs. Whilst
the amount of semiochemicals is slowly decreasing in the nitrate MOFs, the
release profiles for the acetate MOFs appear to have levelled off as the amount
of semiochemical has remained unchanged. This would make the acetate MOFs
far from ideal if they had to be replaced after 3 days because they stopped
releasing the pest attractant. The evidence thus far indicates that the bigger
particle sizes of the nitrate MOFs give a better, more consistent release profile
of semiochemicals compared to the smaller particles of the acetate MOFs which
appear to have stopped releasing after 3 days. This is primarily because the
bigger particle sizes lead to a much greater capacity to adsorb semiochemicals,

so more semiochemicals can be released.

CONCLUSION & FUTURE WORK

It was found that different copper salts, such as copper sulphate or copper
nitrate, form  HKUST-1 MOFs with different particle sizes. This encouraging
finding opens the possibility of a huge variety of copper salt MOFs of

extreme sizes to explore the effects of particle size on inclusion and release of
semiochemicals. The different particle sizes, having been shown by XRD, could
be confirmed by SEM imaging. MOFs of both large and small sizes were
able to be loaded with semiochemicals, but larger MOFs had @ much greater
uptake of over double the amount. This makes the larger MOFs more practical
since they have more semiochemicals to release. To verify that it is the changing
of parficle size that causes a difference in uptake and release, and not just the

different copper salts and their different structures, the particle sizes could be

controlled by modulafing agents which prevent large extending crystals from
forming, before measuring their uptake and release. The changing of metal
could be investigated, such as using cobalt instead of copper as the metal node,
to find out how particle size affects uptake and release in structures different from
the paddle-wheel of the HKUST-1 Copper MOF used in this study. The rates

of release for the differently sized MOFs were also different, with the bigger
MOFs giving a slow but steady release unlike the smaller MOFs whose release
appeared to halt ofter only 3 days. Overall, particle size was found to have

a significant impact on the inclusion and release of semiochemicals; the larger
particles showed a larger uptake and a more consistent release compared to
the smaller MOFs, and were also more thermally stable. These qualities make
the larger MOFs better suited to their potential role as a sustainable alternative
to pesticides, and this application could be trialled in the field in the future fo

see how the release profiles differ in a changing environment and assess the

effectiveness of the MOFs.
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APPENDIX

Appendix 1: Scherrer equation

- K
~ Peost

T = mean size of the ordered crystalline domains
K= 0.94, Scherrer's constant (dimensionless)

A = X-ray wavelength

£ = width peak at half the maximum intensity

0 = the Bragg angle, related to the angle between the incident X-ray and the

family of lattice planes '©.

EXPERIMENT DETAILS

The syntheses of the 5 different HKUST-1 copper MOFs involved adding
0.9mmol of the copper salt, acfing as the metal node, to 0.6mmol of the organic
linker molecule trimesic acid (benzene tricarboxylic acid). After 15ml of DMF

(a common solvent for chemical reactions) was added to the 2 solids and the
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contents were stirred with @ magnetic sfirrer bar, they were put in the microwave
at 120°C for 30 minutes to allow the MOFs to form. This liquid was then put
info the centrifuge to separate the solid MOF from the DMF solvent. This left

a blue solid precipitate containing the MOF at the bottom and a suspension
above confaining solid MOF particles suspended in the DMF solvent. 5 more
centrifugations were carried out, each time decanting the excess solvent before
filling the centrifuge tube up to 35ml with the DMF solvent. The purpose of these
washes was fo remove any unreacted material by using a very polar solvent

in DMF to dissolve any ions and other polar compounds. After each wash the
suspended liquid became clearer, eventually leaving a clear and colourless
supernatant (the volume of liquid lying above the precipitate after centrifugation)
which indicated that all the MOF was collected af the bottom. It was found that
the bigger the particles of the MOF, the quicker a supematant was reached,
since the nitrate MOF required only 3 washes but the smallest particle-sized
MOFs in the acetate needed all 5 washed to reach a supernatant. 3 further
washes were then carried out, using diethyl ether which, because of its dipole
moment, dissolves any remaining DMF. Although this marks the end of the
synthesis process, the MOFs are not ready to be loaded with semiochemicals;
some of the DMF binds to the MOF when washing, and so must be removed.
This process of emptying the pores of the MOFs, called activation, is done by yet
more washing, this fime with acetonitrile. Although DMF binds more strongly to
the MOF than acetonitrile, the excess of acetonitrile is so large that it is enough
to remove the DMF from the pores of the MOF. Any leftover acetonitrile, with its

low boiling point of 82°C, is removed as the MOFs are put in the

Figure 11: 4 of the HKUST-1 MOFs, during the washing process. The nitrate and
sulfate MOFs have already formed a supernatant, but the acetate and sulfate

MOFs are still partially suspended in the solvent.

oven at 100°C for several hours. After activation, the loading process took
place for just the nitrate and acetate MOFs: the semiochemical was pipetted
into several upturned centrifuge lids inside a box. 2 boxes were used, one for
each semiochemical, each containing vermiculite which had been heated in the
oven fo expand its particles so thatf they were able to absorb any moisture in
the box. A petri dish containing each MOF was then placed inside the box and
the lid was put on to provide an environment saturated with the semiochemicals.
To measure the uptake of semiochemical, a small amount of the MOFs was
taken and used for TH NMR spectroscopy by adding the solid to a DMSO
solvent. Finally, once the MOFs had been loaded, the MOFs were ready to
begin their release of semiochemicals. This was done by leaving the MOFs on
a hot plate set fo a constant temperature of 40°C and measuring the amount of

semiochemical inside the MOFs by taking some of the sample for 'H NIMR.

Figure 13: Set-up for the release process
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Exploring Neural Networks

An extract of this short-listed Independent Learning Assignment (ILA)

4 LEARNING THE PARAMETERS OF A
NEURAL NETWORK

In this section we construct a simple neural network with one hidden layer (figure
4) and derive the learning algorithm from first principles. | aim to briefly infroduce
the mathematics used in neural networks, especially the partial derivatives of the

error function that are used in updafing the weights of the neural network.
4.1 MODEL

We infroduce a simple neural network (figure 4) to learn continuous functions
with a single variable. The neural network in this case leams values of , for given
values of a,. It consists of an input layer with a single input, a hidden layer with a
K number of neurons ( in the diagram K is sef to 3), and an output layer with a
single output variable. Each neuron has a weight w? and bias 47 aftached to it.
The result of wia, + 47 is put through an activation function, g. After the activation
of the neurons are weighted and have been summed, an additional bias term 4”

is added.

Though it seems redundant to have multiple neurons observing and interpreting
the same inputs, the diagram shows that the presence of multiple neurons is
crucial to building a successful neural network. By each neuron being able to

learn a different sef of weights, different functions of the input

Figure 4: Neural network with one input layer with a single input, one hidden

layer with three neurons and an output layer with a single output.

data can be represented. The following equation links the input and and the
output of this neural network. The parameters of this neural network like w? w?
and 4’ need to be learnt from the training data iteratively. The predicted value 4;

is shown to be
K
4; = (szg(wfx,’+bf)>+b" 1)
k=1

where g is the activation function of the neuron defined as

(2) = z, ifz>0
g = 0, otherwise

and its differentiation is given by

d 1, ifz>0
’ _ % _ 7 =
g1z = ng(Z) {0, otherwise

as shown by figure 5. The function g(z) is continuous, but its derivative g'(z) is

discontinuous at z=0.
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Figure 5: Rectified linear unit function g(z) and its derivative g'(z)
4.2 OPTIMISING WITH GRADIENT DESCENT

We need to learn the parameters of this neural network from noisy samples of a
one-dimensional function. Let N be the number sample points denoted by
Y1) (x,95) - (xx,yy). These points are obtained by sampling from a given

one-dimensional function and adding random noise, as seen later in figure 7.

yi=f(x;) +e 2)

Our aim is to obtain an optimal set of the parameters of the neural network that
minimises least square error between the sample y, values and the predicted

b

4;valves. let W = [w? b

b0 b o7 ;
0wl wi bl wl, 671 be the set that contains all the
parameters of the neural network. Least square error between the samples and
neural network prediction is defined as

1y 2
E(W) =5 Y (& — ) ®)

i

The difference is squared fo keep it positive, as an amplitude. We would like to
obtain a set of specific values of the parameters which minimises the error. By

differentiating the error function, we are able to do so.

Wopt = II‘I'\IIIIE(W) (4)

This error function is too complex to be optimised analytically due to the many
variables involved. However, there are several algorithms which can obtain the
oplimal parameter set by iterafively fraversing the parameter space, and using
partial differentiation. Here we use a simple version of a popular algorithm
used in neural networks called Gradient Descent. This method assumes that a
first derivative of the error function can be calculated with respect to each of
the parameter af any value. It exploits the intuition that traversing in the opposite
direction of the gradient will take us closer to the value of the parameter where
the minimum of the error function is obtained. This is illustrated in figure 6. The

parameters are updated as follows:

oE
0.
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Figure 6: lllustration of gradient descent algorithm. The gradient of the error
function is being brought towards zero ie the error function is being minimised.

Here n dictates how much further to travel along the opposite direction of the
gradient. Now we can state the update rules for each of the parameters for our
neural network as follows. Detailed derivations are provided in the appendix.

[0%]new = [b°]ord — 71 [%}

(6)
= [0%]o1a — [Z(al Yi :|

old

where { @, } values are obtained using the old values of the neural network
parameters. Similarly all other parameters are updated as follows:
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Here, the following two steps are iterated until the error £ (W) is sufficiently
reduced.

¢ Calculate the output values of the network 4, using current sef of weights and
biases of the neural network.

¢ Calculate new values for weights and biases using the error values ( 4; -y;)
and the update rules defined above.

4.3 EXAMPLES

An example of a function being learnt by the derived algorithm above is shown
in figure 7 below. The blue line represents the real values of the onedimensional
function in a small range, whilst the orange values are the data points (which
confain noise) given to the algorithm to learn from. The noise is created by
offsetting the y value of a point by a random amount each time, so that the
amounts by which points are offset each time form a Gaussian distribution. The
green line is the interpretation of the functfion by the algorithm as it predicts values
based off the given points. The green line does not always go through some of
the orange poinfs as it is trying to find a function that best fits all of the data, not
some of it.

After a single iteration (the weights and other parameters have been updated
once) as shown in (a), the algorithm has clearly not learnt the function very
well. However, as the number of iterations are increased, the approximated
function gets more and more accurate. By the 50th iteration, the predicted
shape starts to take on the shape of f(x). At the 1000th iteration, the predicted
graph almost matches f(x). Due to there not being infinite data points, it is
impossible to predict every value perfectly, but the algorithm is able to produce
an excellent approximation, as shown. Moreover, the approximated funcfion
can only be used to predict values in the range of the data points (x=-2 o
x=2); extrapolation is not possible. By increasing the number of neurons, the
algorithm can learn a more accurate function with less iterations, but only through
requiring more computing power. This also comes with the danger of overfitting
the function. Furthermore, the neurons leamn f(x) by approximating it as a linear
function between small intervals : the algorithm at no point is able to define a
mathematical function for the graph as we have in the caption (f(x) = 0.2 +
0.4(x -1)% + 0.3sin(4(x -1)) + cos(8(x -1))). Also due fo this, the turning
points are jagged and not smooth due to f(x) also not being smooth at these
points.

4 — f(z)
flz)+e
3 — neural network
2
1
0
—_ 1 >
-2 -1 0 1 2
(a) After 1st iteration
4 — f(2)
f(z)+e
3 — neural network
2
1
0
-1

(b) After the 50th iteration
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¢ — §(x)
3 — ﬁg.l)rjl “network
2
1
0
-1
-2 -1 0 1 2
(c) After the 1000th iteration
Error Function E(W)
0.7
0.6
S os
=
5 0.4
(i 0.3
0.2

12 510 2 51002 510002 5 10k 2 5100k
Iterations

(d) Error function

Figure 7: The figures shows the one dimensional function f(x) = 0.2 + 0.4(x

-1)2 + 0.3sin(4(x -1)) + cos(8(x -1)). Hundred poinfs are randomly sampled
between -2 and 2 and a small amount of noise was added to the samples.

A simple neural network described in section 4.1 was then frained with noisy
samples and used to predict new values of the function. Figure (d) plots the value
of the error function at each iteration, with the x axis being a log axis.
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Stating the Obvious

A research report written following an Original Research in Science

INTRODUCTION

In this article | give an account of one part of my ORIS project, which was
supervised by Professor Hutton at the University of Nottingham. The other two
parts of my project involved using the Haskell programming language as a
mefa-language for the propositional logic [1, pp. 21-27] by using some newer
language features [2, pp. 31, 264-2606], and using a paper of my supervisor in
order to calculate a compiler for a programming language [3], whose syntax |

proved unambiguous [4, 5].

I would like to thank Mr Lau and Professor Hutton for giving me the opportunity

to do this.

WHAT IS OBVIOUS?

Throughout the hisfory of mathematics, many statements have been considered
obvious and undeserving of proof. Example such statements include the fact that
zero is not equal to one, that two plus three is equal to five, or that all statements

are either true or false.

The view that such statements do not need to be proven rigorously is problematic
for multiple reasons. Firstly, by not studying the reasons for which such statements
are frue, or concretising the definitions of supposedly intuitive concepts,
mathematicians miss insight into proof techniques that could otherwise carry over
fo more complex statements, and fail to spot similarities between concepts. They
also lose insight into the philosophy of mathematics itself: the process by which
something may be proven true. However, ultimately, what seems obvious is not a
all obvious: there have been multiple foundational crises in mathematics, wherein
the entirety of mathematics has had to been reviewed when fallacious results

were obtained from theories deemed obvious.

Examples of fallacious results coming from unquestioned reasoning are plentiful.
Those familiar with integration by parts may want fo try and spot the mistake in

this proof that O = 1:

THEOREM 1.0 =1.

Proof. We consider]:/x }1 - dx by integrating by parts, with:
. :
“° Tz
de 1 1
dx (Inx)? «
do 1
dx  «
v = Ina
So
1
I = d
/ xlnax *
= — Inax— zlnx
Inx ‘ x(Inx)?
1
=1
+/ xlna da
Subtracting /' . }l . dax from the top and bottom lines of the equality gives O = 1.

(ORIS) placement

Thomas Thevenon, Upper Sixth

There must be a mistake here because O is not equal to 1. Surprisingly, however,
it lies in the very last sentence of the proof: an indefinite integral refers to a family
of functions with a certain derivative. All of these functions differ by a constant,
and hence, when subtracting an integral from itself, the correct result is a family

of constants: not just zero alone.

True statements also often fimes oppose intuition. For example, even though
the numbers are written differently, over the real numbers, 0.9 recurring (0.9) is

equal to 1. An unsatisfactory proof is often presented of this:
THEOREM 2.0.9=1.

Proof. let x = 0.9 = 0.99. Then 10x = 9.9, and, by subtracting 10x and x,
x=99-09=9 Sox=1.

Infinity is the fundamental reason for which people struggle with the idea that
0.9 = 1: what does a number with an infinite number of decimal places
represent? Infinity is not once mentioned in this proof however: the nature

by which operations may be done on an infinite sequence of digits is simply
glossed over, when, other times, such reasoning leads to paradox: the infinite
sumS=1-1+1-1+1-1+"can be fallaciously shown to be equal to

both O and 1 by separate rewritings:

S=(1=1)+(1=1)+--
=0+0+---=0

S=1-(1-1)-(1-1)---
=1-0-0-+-=1

A more rigorous approach to infinity is needed fo give a satisfactory proof that

09=1.

On a deeper philosophical level, even if mathematical concepts are well-
defined, it is nof immediately obvious whether a chain of reasoning is correct,
what it means for a chain of reasoning to be correct, or whether a statement
even corresponds to any mathematical meaning. Imagine that you are walking
through a forest, and find a box. On the box the words “a million dollars shall lie
in this box if and only if a true statement is written on it" are written. You reason
that this statement must either be true or false: if the statement is true, a million
dollars should lie in the box. However, if the statement were false, and a million
dollars did not lie in the box, a contradiction would arise: the statement on the
box would end up being frue. So you reason that, no matter what, a million

dollars must be in the box. You open the box and are surprised to find nothing.

"Of course!” you reason. Why would any words, written by someone you have
no trust in, have any bearings on the content of a box2 But you're sfill wondering
whether the statement on the box was true or false. Does it need to be true or
false? Classical mathematicians happily work with the idea that any proposition
is either true or false: the law of excluded middle. The fallacy here is far more
subtle: the statement on the box isn't even a proposition and the ideas of true and

false cannot be applied to it.

On June 16 1902, Bertrand Russel, a British mathematician, wrote a letter in
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German to Gottlob Frege, a German philosopher, questioning him on a similar
paradox, which is now called Russel's paradox: does the set of all sets that
don't contain themselves contain itself [6, pp. 130-133]2 Frege replied that
this discovery had “surprised him beyond words”, and “left [him] thunderstruck,

because it [had] rocked the ground on which [he] meant to build arithmefic”.
One such solution to this paradox

is type theory, a field that is being worked on actively today. A type theory is a
set of inference rules by which all terms within the language of maths may be

assigned types. In such a theory, the term 5 + 3 = 2 would have the proposition
type: 5+ 3 = 2 : Prop. Self-referential ferms can not be consfructed in most type

theories, avoiding this paradox altogether.

Pedantic, niche, impractical are words often used to refute the need for rigour
in mathematics: after all, the examples provided above are contrived, and
excessive rigour hinders other mathematical progress. Most mathematicians
aren't writing their proofs in terms of formal inference rules. But, with proofs
becoming increasingly abstract, mathematicians need to be aware of what
makes logic valid. Maths also doesn't just need to be done merely because it is

useful: “Real mathematics must be justified as art if it can be jusfified at all”.

Unfortunately, as is often the case with mathematics, the development of type
theory as a result of this indomitable rigour has been immensely useful. Type
theory is nowadays used to check computer programs for correctness: to prove
that they don't crash. Statically typed programming languages, such as Java,

C and Haskell, were all implemented using ideas from type theory. The type
theories these languages use are of various strength: the most powerful type
theories will be able to prove that the program itself has the correct properties.
Avoiding bugs in computer programs is imperative, as they can lead to extreme

monetary threat and even loss of life:

. Hearibleed, a bug in a cryptography library, lead to the mass revocation of
certificates used for encrypting online communications. Cloudflare estimated
that these changes cost one certificate authority US $1 million a month, just
in bandwidth [7]. Only a few lines of code had to be changed fo fix the bug
[8].

2. Knight Capital Group lost US $440 million in 45 minutes owing fo a bug in
their trading software [9, pp. 1-2].

3. The Ariane flight V88 launch failure, which was the result of bugs present in
rocket software, lead to a loss of approximately US $370 million [10].

4. On February 25, 1991, timing issues within the software of an air defence
system lead to the otherwise preventable death of 28 soldiers and injuries of

numerous others [11].

5. The estimated cost of software defects in the US is $59 billion a year [12].

A NEW LANGUAGE

In the subsequent sections of this article the implementation details of a
programming language based on a type theory used in mathematical proof
is briefly described. By using such a type theory, the programming language
becomes capable of verifying proofs of mathematical statements. The
programming language is named affer a genus of bird studied by a famous
logician: Calidris [13].

Programming languages themselves have to be programmed. Sometimes
programming languages are even programmed in their own language, through
a process called bootstrapping, where an older version of the programming
language is used to create the newer version of the programming language.

Creating a programming language is a complex process.

Firstly, the programming language must be given a syntax: a set of rules used to
creafe human-readable senfences in the language, which may then be parsed
by a computer info a structure that it may process. For example, given the

following syntax:

<sentence> — I like <[ist>

<list> — <item> <list1> | <item>
<list1> —, <item> <list1> | and <item>
<item> — apples | cheese | spoons

A computer could then parse sentences such as ‘I like apples”, I like apples and
spoons”, "l like cheese, cheese and cheese” info lists of items. But it would not
be able to parse "l like cheese apples and spoons” or “I like, apples” because
these do not satisfy the grammar. For the programming language | created, the
grammar was slightly more complicated. The types that exist within the language

are provided in Figure 1.

Prop; Set; Type(i); var; fa

forall a.: T, b;

funa: T, b;

Figure 1: Types of expressions that exist within Calidfris.

The colon is used fo annotate the type of an expression. Prop is the type of
propositions, which are things which may be proven, and Set is the type of
small types, such as numbers [14]. Type(0) is the type of Set and Prop,
and Type(1) is the type of Type(O) and so on; this is done such that all
terms may be assigned a type, and to avoid Girard’s paradox, which is the
typetheoretic equivalent of Russel’s paradox [15, p. 8]. The term f a represents
function application: square 4 is the application of 4 to a function called
square, and could be equal to 16. Functions have type forall & : T, b. For
example, square : forall a : number, number = fun a : number =>
mult a a.

These expressions (which may be written across multiple modules of the
program) are parsed using the megaparsec libary [16]: this uses a common
method of parsing nowadays, called parser combinators. My supervisor's early
work influenced this field [17].

Afterwards, the program is finally processed. The names of variables bound
within expressions (such as the a in fun a : number => mult a a) are
replaced with numbers representing the order in which they appear [18, p. 1],
and the proofs present are then processed such that all proofs a proof depends
on have been processed before that proof. Various errors will be shown to the
user if any of the steps are not possible: some of these errors are shown in Figure

2. The final error shown is automatically generated by the parsing library.

I

l|o=kk=o0;
| n

could not form type for name owing to cyclic dependencies
I

2 |a=funa: Set=>a,
| N

the name a can not be redefined
|

3| k=a=h;
| n

unexpected '='
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Figure 2: Example errors which may be shown to the user in Calidfris.

It is then checked that the expressions are valid within the language according to
the inference rules. The properties of confluence and strong normalisation of this
language can be used to deduce that a certain expression may not be formed
[14]. An example inference rule, implemented from those of the Calculus of
Constructions [ 14], is presented below (with the assumptions split over two lines):
EM) FT:s s€ES EM=(x:T)] FU: Prop

E(N) | ¥x:TU: Prop

This rule states that forall x : T, U is a well-formed proposition if T is a well-
formed expression of type sort (Set, Prop, or Type(i)) and U (given that x
is of type T) is a well-formed proposition. Using these rules, the programming
language can determine whether all the expressions in the language are well-

formed, and hence verify all the proofs present.

BEHOLD AND LO

With the language now implemented, basic proofs can be written. | will prove
that the proposition A ~ Bimplies B ~ A. For example, if it is raining and it is cold,
it is also cold and raining. Under the Curry-Howard isomorphism [19], a proof
of A ~ B may be seen as the construction of a tuple type: a type containing two
objects, with one object proving A and the other object proving B. The tuple type
is defined using the Church encoding [20, Chapter 6.2] in Figure 3:
imp

= fun a : Prop

=> funb:Prop

=> forallx:a,b;

= fun a : Prop

=> funb: Prop

=> forall ¢ : Prop

,  imp (imp a (imp b ¢)) ¢;

Figure 3: The definition of logical conjunction in Calidfis.

In this code, implication is first defined: the function imp in the code takes in two
propositions (things which may be proven), and creates a new type. A proof that
one proposition implies another proposition will be a member of this type. This
type is the type of a function which, given a proof of a statement, produces a
proof of the implication. For example, the proof that a proposition implies itself is

written in Figure 4.

simple_proof
forall a : Prop, imp a a
= fun a : Prop
=> fun a_proof: a
=> ga_proof;

Figure 4: A proof that a proposition implies itself.

This function takes in a proposition and then returns something of type imp a, a:

a function that re-turns a proof of a given a proof of a.

The and function defined in Figure 3 behaves similarly. A proof of two
propositions can be defined in terms of implications: if a and b are both true,
one should be able to write a function which takes in an expression of the form a

= (b=> ¢) (where implies is written = ) and return a proof of c.

final_proof
forall a : Prop
s forall b : Prop

s imp (and ab) (and b a)
= fun a : Prop
=> funb: Prop
=> funa_and b:andab
=> func:Prop
=> fungen:impb (@mpac)
=> g_and bec(
fun a_proof: a
=> funb_proof:b
=> gen b_proof a_proof

Figure 5: A proof that {a ~ b) = (b ~ a).

Using these definitions, we can now write a proof that (a ~ b) = (b A a), shown
in Figure 5, by writing a function that accepts a proof that a ~ b and uses the
definition of and to convert this to a proof b ~ a. The essence of it is that the proof
that a ~ b is used to apply b and then a to an implication of the type

b=>(a=>¢), hence proving b » a.
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How is inter-generational

communication impacted by

the difference in the interpretation

of emojis!

A short-listed Independent Learning Assignment (ILA)

INTRODUCTION

Emoijis are defined as “any of various small images, symbols, or icons used [...]
to express the emotional atfitude of the writer, convey information succinctly,
communicate a message playfully without using words, efc.” ("Emoii", n.d.).
Emojis are a form of writing system known as pictograms (From Hieroglyphics
to Emojis: Evolution of logographic Languages, 2021), a separate type of
writing system compared to the Roman alphabet this paper is written in. Emojis
were first invented in Japan in 1999 by Shigetaka Kurita, their name coming
from the portmanteau of three Japanese words: “e” (picture) + ‘mo” (write) +
"ii" (character). Kurita tasked himself with condensing 176 unique ideas into
12-bit symbols within the span of only 5 weeks (Shigetaka Kurita: The man who
invented emoji, 2018). The next biggest leap that really brought emaiji to the
mainstream was their addition into Unicode, the universal character standard
system, in 2010. From there, they were subsequently introduced to iOS devices in

Japan and then spread worldwide.

RESEARCH

LITERATURE REVIEW
INTERPRETATION OF EMOIIS

According fo an article by the Wall Street Journal in 2021 (Ishmael, 2021),
Generation Z (Gen. Z) assigns meaning fo emojis that are different from the
“tradition” that the older generations tend to use, resulting in “a lot of confusing
interactions”. The article details how in situations like the workplace and even
within a family, communication is affected or might require a lot more thought
than normal for the younger generations, as they have to accommodate the
older, more “standard” inferprefations of certain emojis. This shows the effect that
the apparently novel discrepancy in emoji inferpretation across generations has
on the online communication between these generations. One example is given
when a new intern joined a media company, the welcome email appeared
disingenuous and cold before the reader took a second to remember the age
of the sender. Especially in these kinds of professional situations, it is evident that

different inferpretations of emojis may seriously affect communication.
CONTEXT OF EMOIIS

A researcher at Halmstad University conducted a study on Swedish senior
school students from 16-19 years old to determine the importance of context
regarding the inferprefation of emojis and emoticons (Kelly, 2015). The results of
the study revealed that, for the person receiving a message - the “interpreter”

~ to understand what the meaning of the emoji s, it is important that a “textual

context is established”. The study also demonstrated that lone emojis often don't

Aaron Luke Venter, Upper Sixth

have one singular meaning by themselves, and they require proper context fo
defermine which one of their commonly associated meanings applies in the
ongoing conversation. Their meanings can often vary depending on the situation

being discussed, the mood of the sender, the infended recipient efc.

These findings are extremely important to consider, as they demonstrate that
emojis often don't have one, single, definitive meaning, and that they are
subject fo the confext of a conversation. This means that certain emojis in certain
situations may cause more confusion than others, as they may have multiple,

divergent meanings.
PURPOSE OF EMOJIS

A research article by Cramer ef al. on the funcfions of emojis in US messaging
investigated the primary purposes for the use of emojis in digital communication
(Cramer, de Juan, & Tetreault, 2016). They refurned the ideas that emoijis are
used to provide additional emotional or situational context fo a conversation;
they are used to adjust the tone of a message, make it more engaging; they

can be used to manage the flow of the conversation or be used to maintain the
personal relationship between the sender and the recipient. This establishes that
emojis are not just used for one single purpose and that since their invention, they
have filled a number of important roles in the medium of text communication,
facilitating important aspects of conversation that were previously hard to

translate from audible communication to instant text.
ADOPTION OF EMOIIS

A paper by Hamza Alshengeeti discusses the important, often overlooked

in generalisation, background to how most people experience emoji usage.
The paper details that “age is less of an indicator of usage than technological
awareness and capability” [Alshengeeti, 2016). This is extremely important

to realise. In the context of the differences in interpretation between different
generations, some may argue that older generations are simply less acquainted
with emoijis, but this would be wrong to assume as a definite. Older generations
might actually have similar levels of acquaintance with emojis, but just use them

in different ways.
MEANING OF EMOIIS

Scheffler et al. discovered that when emojis are read by the brain in digital
text, they are processed the same way that pictures are processed, not words.
Overall sentences are also not necessarily affected in meaning when certain
emojis replace words. Emojis can also frigger entire lexical entries, allowing for
homophonous nouns fo be represented by their corresponding emojis but still

be interpreted entirely correctly with the relevant context (Scheffler, Brandt, de la
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Fuente, & Nenchev, 2022). This is important for the later discussion in this paper
on the proposition surrounding whether emoijis are allowing western humans to

return to more logographic systems of writing.

FIELD WORK
PROCESS OF CREATING THE FORM

In the following investigation, the questionnaire used to get the results was
formulated from a combination of research from the literature review, along with
data collected from Reddit and interviews with various people of different age
groups. The specific emojis were curated from multiple Reddit posts in different
communities and data collected from questioning individuals on what their

smartphones’ keyboards stated were their most frequently used emojis.

The data was collected and formulated info a Microsoft Form, populated with
three main sections. The first brief section was one that simply asked for the name
and email address of the respondent in order to potentially follow up on any
inferesting answers. The respondents were also asked to identify which age
generation they belonged to, from a choice of: “Baby Boomers (1946-1964)",
"Generation X (1965-1980)", “Millennials (1981-1996)", “Generation Z (1997 -
2012)", "Generation Alpha (2013-Present)”.

The second section was a 4-point Likert scale consisting of 19 emojis queried
about the frequency of their use for the respondent. The options available to

"on

select were: “Never”, "Rarely”, “Sometimes”, “Often”.

The last section of the questionnaire was broken down into a question regarding
each individual emoji about the meanings that the respondent associated with
each emoji. The options given for the meanings the respondent could choose
were composed from mainly from the data collected from Reddit and the

interviews with people from different age groups.

Below each question about the meanings associated with each particular emoji,
there was an empty box left as an option for people to fill in any other meanings

they thought were not covered by the initial options available.
HYPOTHESES

1) There are generational differences in the interpretation of emojis
2) Older generations perceive emojis more literally

3) The above assumptions account for a difficulty in inter-generational

communication
OBJECTIVE
To test the above hypotheses through the use of an online form.
METHODOLOGY

The Microsoft Form mentioned above was sent out to friends, family and
teachers. The same form was also posted onto multiple social media accounts
to spread awareness. In order to get a range of responses, a form of snowball

sampling was used where participants were asked to identify other participants.

These responses were cross-checked with a market research study which listed
the top five most popular emojis per generation in order to confirm they aligned

with previously collected data from other sources.

At the time of processing the data, a tofal of 108 responses had been received.
For Generation Alpha, only one response was received, and this was omitted as

it would have been statistically invalid.

EMOJIS INCLUDED IN THE STUDY

WY O000w
oo Lt

RESULTS / FINDINGS

Below are a set of three graphs and individual analysis on the data that they
present. They analyse the top emoijis used per generation, the frequency at which
each generation uses emojis as a part of their communication in general, and
the popularity of various meanings associated with a selection of emojis from the

study.

Overall, the study appears to confirm the initial findings in the literature review
and the hypotheses. It indicates that there are obvious infergenerational
differences in the interpretation of emojis, particularly when comparing Gen.

Z 1o the other three generations when looking at fig. 3. Older generations do
appear to perceive emojis more literally, as seen by the far more consistently
literal interpretations of the emojis seen in fig. 3. A good example of this is the
"skull" emoji. Additionally, it can be seen that emoji meaning can vary based on
textual context, as seen by the multiple meanings associated with emojis within

generations.

Other notably interesting findings not necessarily directly relevant to the
hypotheses were that the range of emojis used by Baby Boomers and Gen.

X was identical, just in a slightly different hierarchy. Also, Gen. Z used a much
greater variety of emojis than the other three generations, coupled with a very

different set of meanings associated with those emaojis.
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MOST POPULAR EMOIJIS
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Figure 3 - The top three meanings associated with seven emojis
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Figure 1 - The top 7 emojis per generation

This table demonstrates several interesting results. One result of the data
collected was that the Baby Boomer generation and Gen. X share idenfical sefs
of emoijis, with the only difference being the order of their popularity. Another

is that across all generations, only three emojis were of common ground. These

were the “Heart”, “Laughing-Crying”, and “Thumbs-up” emojis.

Gen. Z had the most dramatic shift with the order of popularity of their emajis,
with an emoiji that was either low or absent on the rankings of the other three

generations displacing the previously most popular emoji.

USE OF EMOJIS
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Figure 2 - Count of usage of emoijis "often" and "never" across generations

In fig. 2, the data is less conclusive. It shows that Gen. Z uses nearly twice as
many emojis "often" on average compared to other generations. However, there

was no significant difference between the other three generations.

This section of the field study would greatly benefit from a larger sample size in

order to draw more statistically significant data.

MOST COMMON MEANINGS ASSOCIATED WITH EMOJIS

L L Love Love
ove ove Sarcasm /P4 SRR
Death Death Laughter
Death Laugnter Laughter Embarassment
Shock Enbarssament ok
Cowboys Adventure Cowboys Sarcasm
Confidence. Cowboys I don't know / other Cowboys
oy Joy Adventure I don't know / other
Joy / Happiness  Joy / Happiness  Joy / Happiness Dead inside

Cheerfulness Cheerfulness Cheerfulness Sarcasm
Dead inside. Dead inside Joy / Happiness
Frustration Frustration Frustration Ironic desire
Sadness Sadness Sadness Desire / Lust
Pose st Frustration
Love Love Love Love
Happiness Happiness Happiness Happiness
Embarrassed Affection Affecti P

The table above represents a selection of emoijis that best demonstrated the
trend seen in the data as a whole. It demonstrates that there are generational

differences in the interpretation of and the meanings associated with emojis.

The most drastic difference from the other three generations was Gen. Z, where
meanings are entirely separate from the literal, or more sarcastic associations
were made with the emojis. In comparison with Gen. Z, and to a lesser extent
the Millennial generation, the two older generations made much more literal
associations with the given emoji based on what it actually displayed, this being

particularly evident in the "Cowboy" and "Skull" emoijs.
FUTURE RESEARCH

In order to confirm whether there are in fact no differences between the Baby
Boomers, Gen. X, and Millennials regarding their interpretation of emojis, a
larger sample size would be required. This is because, in this study, the majority

of the respondents were from Gen. Z.
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Ideally, the list of emojis wouldn't be defined before the respondents took part;
it would be better if the respondents were able to freely identify the emojis they
used. This could then be compiled more easily into a list of common emojis that is

more realistic and representative of a wide range of uses.

The results of this study bring into question what the reason for the difference in
inferpretation and use of emojis by Gen. Z is. Did Gen. Z start off using these
emoijis with these subversive connotations? Have they developed this "language"
of emojis over fime through regular use and contact over the internete With

this fascinating use of emoijis by Gen. Z, and Scheffler et al.’s findings on the
processing of emojis stating that sentence meaning is not in fact impacted

when certain words are replaced by emoijis (Scheffler, Brandt, de la Fuente, &
Nenchev, 2022), are Gen. Z bringing back elements of logographic writing

systems to western alphabets?

DOES IT IMPACT INTER-GENERATIONAL
COMMUNICATION?

ANALYSIS

The findings in the above field study are significant as they demonstrate a
tangible difference in the use and interpretation of emojis, particularly in regard
fo the meanings associated with certain emoijis by the different generational
groups. Fig.3 in particular demonstrates an objective discrepancy in

interpretations, showing the sometimes polar-opposite connotations.

Fig. 1 demonstrates a common baseline set of three emojis identified across

the respondents. This could potentially show that there may be a few certain
emoijis that make up some type of baseline across human interpretation. A further
inferesting way of analysing this assumption would be to do a further study on
the use of emoijis across different cultures, to see if it is a generic human baseline

or one that is based upon cultural similarities.

Fig. 3 represents a visible difference in interpretation. This difference, particularly
in regard to Gen. Z in comparison to the other three generations, would account
for the results of the literature review that stated that there were impacts on inter-

generational communication due to these differences (Ishmael, 2021).
CONCLUSION

From the data collected, it can be concluded that the difference in interpretation
of emajis in written communication leads to a significant enough infer-
generational impact to make it relatively difficult in certain situations to convey
the true meaning behind messages. The data overall supports the idea that Gen.
Z in particular has its own way of interpreting emojis and therefore conveying
their thoughts and ideas over the medium of online text communication in
general. This unique interpretation in comparison to the other generations can
be assumed to be the main chafing point for difficulty in communicating across

different generations.
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Cancel Culture

and its Effects on Human Growth

An extract from this short-listed Independent Learning Assignment (ILA)

PART I: INTRODUCTION

In recent times, there has been a rise in debate over the polarising use of
‘cancel culture’. Some argue its usefulness in eliminating toxic, homophobic, or
racist thoughts and ideas from picking up traction in the community and letting
marginalised or minority demographics in society have a voice. There are
arguments fo be made that suggest cancel culture can help change communities
for the better, creating a more open minded, accepting, and safe space for
people to reside in. Others argue that this orthodox school of thought has
silenced many contrarian views, muted conservative ideologies, and constricted
academic freedom of thought. This movement in society, it has been argued, has
all but eliminated the possibility of holistic debate and acceptance in the wider

community.

But does the literature support this2 Can we even use today’s literature to answer
these questions? If this is the case, then what are the impacts of cancel culture

on the future of human growth? In this paper | aim to answer these quesfions

and address the possible pitfalls society may fall info if continuing this path.
Here, | confirm the idea that cancel culture does restrict freedom of thought,

both in academia and in general discourse, although there are some nuances

to consider.

PART 2: ORIGINS

The phrase ‘Cancel Culture’ has been used increasingly by the public on social
media apps such as Facebook and Twitter. However, the general public rarely
stop to understand what the phrase means and where it came from. In some of
the literature, cancel culture is broadly regarded as: "the osfracism from media
of people based on their past and present views, opinions and actions” {1). This
process is remarkably similar to consumer boycotts of certain brands and firms
that are perceived to be unethical or thought to have views or policies that go
against social norms. In recent years, due to the rise and accessibility of social
media, this batfleground has moved from the storefront and headquarters of big
corporations to platforms such as Twitter and Facebook. The use of the word
‘ostracism’ is indicative of a much older social construct, first infroduced into
Ancient Athenian society by Cleisthenes in his reform of the Athenian constitution,
as documented by Aristotle in his Constitution of Athens. Ostracism, put info effect
around 487 BC (2}, ensured the stability of society by removing potentially
dangerous people from the society before any damage was caused. Similarly,
in recent years people have taken to different mediums, such as social media

fo do so, mainly because of social media’s accessibility to millions of people
around the world. This herd behaviour, at its most basic level, prevents radical
ideas from gaining traction in society, possibly preventing riots or general unrest

from disrupting people’s way of life.

Like all social constructs, cancel culture has evolved over time. From exile in 500
BC, to the house arrest of Galileo in 1633 (3), to the cancelling of celebrities
such as J.K Rowling, and David Chappelle via social media, only one thing

remained the same. The public shunned them and stopped them from expressing

Ashwin Vishwanath, Upper Sixth

their views. The question is, when does the use of cancel culture stop being a
punishment and start being an infringement on fundamental human rights and @

drag on the growth of society?

PART 3:

Public shaming may be a valid weapon in the fight for social justice by the
people who are unable to use the legal system to get an apology or justice.
Examples range from the #MeToo movement against extremely influential sexual
predators who have committed crimes such as paedophilia and rape, fo the
#BLM movement, using public shaming and boycotting to bring attention to
racist school syllabuses and textbooks, cases of fatal police violence, and what
some would see as a suspicious lack of diversity in places of higher education,
such as universities and research organizations. As aforementioned, society is
constantly evolving, changing its views on topics such as race and gender af an
incredible pace. Therefore, it is reasonable to argue that influencers and people
in the public eye should adapt fo the socio-political landscape in the media, in
order fo avoid unnecessary offence due to what they have or have not done.
From this point of view, cancel culture is a valid tool as it enables the public to
express their discomfort or disagreement with the use of racist, homophobic, or
sexist language. It lefs them see the abuse of power that may not have been

visible before, and it enables criticisms of cultural appropriation in society.

In academia however, when opinionated pieces that are published by
universities or scholarly sites are being retracted from the public in fear of being
misconstrued as being racist, homophobic, or sexist, there is an argument to be
made that says that this is an exiremely dangerous frend. Removal of contrarian
views and arguments, they argue, implies that opinions must be moderated in
order to meet certain standards put by the publisher to fulfil other criteria. This
may, in turn, filter out what can and cannot be said by academics, depending
on what is shown through the Overton Window at the time, for example,
Professor Selina Todd's invitation to a conference celebrating women was
withdrawn due to her views on fransgender rights (4). Although this area of
discussion is heavily opinionated, if similar behaviour is followed in other fields of
study, it may impact the scientific method: the process of objectively establishing
facts through testing and experimentation. It depends on finding pieces of
evidence to disprove the current prevailing theory (5), as now opposite views
are stifled, meaning that the evidence or ideas that may prove the current theory
wrong are never heard. Thus, prohibiting any progress from being made as
everyone is thinking the same thing, and as Benjamin Franklin said, “If we all think

alike, no one is thinking” (6).

The tolerance of a non-conforming idea and freedom of speech, especially
when that expression is extremely controversial or contrarian, is one of the

best ways to acknowledge our past values and beliefs as in the process of
disagreeing and arguing, one's subconscious points of view and political
leaning (Right or Left Wing) come fo the forefront of one’s minds. When these
inner values and beliefs are challenged, we are given new pieces of information

that we may not have known before, and with that knowledge, people could
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change for the better. Conservatives argue that on worldwide platforms such

as social media, there has been a rise in the silencing of contrarian views and
ideas that go against the ‘socially acceptable’ at the time. Anyone who believes
otherwise is outcast and looked down upon. This encourages an ‘us-them’ type
segregation, infolerance, and censorship, both self-conducted and external. This
inevitably leads to a kind of ‘mob mentality’ that constantly judges anything that
is said or published. This segregation also leads to people who are 'cancelled'
by mainstream social media to form their own communities, leading to echo
chambers and arguably less regulation and safeguarding against radicalism.
Lukianoff and Haidt, in their book The Coddling of The American Mind,
described this as a “sanctimonious coddling of student minds,” where cognitive
demanding work, research and questioning is likened to real world harm or

damage.

This imbalance in academia has impacted the general society today. There has
been a stark rise in the stigma around ‘antivax’ people. Freedom of expression
and conscience is a basic human right, and people, by law, are allowed to
believe what they want, without fear of being discriminated against or freated
differently. However, data suggests a growing sfigma around antivax people. In
a paper published in December of 2021 (13), one person by the name of Jay

said:

"I lost contact with family members because of [it] .... | got harassed by a
bunch of cousins ... and | found out that a whole bunch of them had started @

group, a secret group, and were badmouthing me behind my back.”

This sums up most of the experiences detailed in the report, ranging from fear

of going to hospitals, to adapting behaviours depending on who they are with
to stay safe. One can make an argument that these people’s basic human

rights are being infringed upon. The fear of going out and being themselves
implies that they do not feel safe in society. Surely, after more than a century of
democracy in some first world countries such as the USA, UK, and Australia (in
which the study was taken), society must have improved to the extent that people
feel safe and able o express their ideologies in a way that keeps them safe? This
study suggests the opposite is true. In the case of ‘anfivaxxers, with information
so abundant, accessible, and with the school curriculum telling children to trust
science, the general public, using the ‘mob mentality, have turned on people
who believe anything contrary fo main-siream academia and belief, effectively

segregating them and discriminating against them.

On the other hand, there are some counter arguments fo this thought. People
who are part of the ‘antivax’ community opt their children and/or themselves
out of state-run vaccine programs largely due to the perceived risk factor and
growing complacency in society. Since vaccines have all but stopped most
major diseases from spreading quickly in first world countries, citizens are
increasingly relying on herd immunity to keep them safe from disease. However,
since these people aren't getting vaccines, the people who are not immune
grow larger in number, thus de-stabilising the immunity of the herd, putting
everyone in the community at risk. This begs the question of where do we (either
the governing body or society in general) draw the line between expressing
beliefs and enforcing rules that silence one demographic for the safety of all

others?

Freedom of expression and belief is a qualitative right. This means that the right
can be faken away if it infringes on other basic human rights on others according
to Mills harm principle (14). Governments have a duty fo sfop hate speech,
protect national and territorial interests, prevent disorder or crime, protect health
or morals and reputation or rights of others, prevent the disclosure of information
received in confidence and maintain the authority and impartiality of the

judiciary (15)(16). If radical and harmful expression is allowed, the stability of

society may be threatened. This is the worst-case scenario, but everyday life is
not typically worst case. In the case of the ‘antivax” community, this is more of a
grey area. On the one hand, as explained previously, they should be allowed to
express what they want to, but, on the other hand, problems arise as their choices
impact society in general. To add further complexity to the problem, this form of
expression fechnically does not directly harm national interests, or encourage
disorder or crime, hence, governments cannot directly intervene and change

legislation fo force people to take the vaccine just fo stop this movement.

To conclude, | would like to address the question regarding the impact of cancel
culture on the future of human growth posed at the start of this paper. So far
data suggests that cancel culture does exist in society, and that a significant
percentage of people who do believe it exists think it has had a negative impact
on the community. Historical records suggest that a form of cancel culture has
existed since the ancient Greek periods, with ostracism first invented to protect

society from radical ideologies.

However, as with most things, too much cancel culture action, in my view, is
extremely domaging to society. A streamlining of thoughts and a fear of standing
out from the crowd, coupled with the swift and somewhat shallow judgement

by the mob, brews a feeling on constriction and imprisonment in the global

community, and as argued before, impedes scientific and educational progress.

The permanence of social media means that tweets and comments made in the
past stay on the internet forever. This means that comments made by celebrities
that may have been accepted in the at the fime, may not necessarily be
accepted today, leading to people being held accountable for things they said
10-15 years in the past when the context was much different (17). This point is
especially frue for comedians and entertainers, who, by the very nature of their
job, may say potentially risky things with the intention to be funny. Now, there
are arguments to be made to suggest that comments about people’s abilities/
disabilities, race, or gender have no place in humour as it is discriminatory, and
even if it is for comedic effect, there is a fine line between comedy, and it being
normalised by society. But surely these same arguments cannot be made in

relation to scientific studies?

When these studies are conducted, their sole aim is to bring light to information
that may have been previously misunderstood, or that is simply wrong. These
studies, which have a profound impact on the direction that humanity is heading,
must be as objective as possible so that only the facts are presented. Total
objectivity can only be achieved if there is no fear of the repercussions, and
because of the prevalence of cancel culture in academic society, the hesitation
to speak one's mind is increased. This would mean that humans would reach a

plateau in both economic, psychological, and sociological growth.

IS THIS A BAD THING?

A plateau in growth would result in the problems with society not being solved.
People who are suffering from medical issues may continue to suffer with them
due to the academic stagnation. Shuttering schools of thought may lead o a
slowing down of economic growth in the form of lower GDP growth. Most
importantly, in my opinion, the mistakes humans will inevitably make with regards
to justice legislature, gender and race issues may not be solved; the effect of this
is wide ranging. The very people who want to change society for the better by

cancelling people may end up making society even worse.

Cancel culture impact firms as well. Historically there has been a lack of
polificisation of advertisement in media campaigns from mainstream companies,
as supporting one political party risks alienating large demographics of
customers, negatively impacting revenues and profits on the consumer side, and

further risks alienating workers, meaning that people are less willing to apply for
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jobs in that company. This would restrict the growth of the company severely.
Nowadays, however, neutrality is seen as implicit compliance (18). Consumers
are pressuring companies to take a political stance on current affairs. According
to a study by Edelman, 64% of consumers are willing to boycott a company
based on their sfance on a current socio-economic or political issue (19).
Boycotting companies for their stance on certain issues could lead to a form of
discriminatory behaviour against consumers of those products, linking back to the

anti-vax experience, of being fearful of speaking their mind.

A FINAL THOUGHT EXPERIMENT.

In order to sum up the arguments made in this paper; | propose a thought
experiment. An external speaker has been invited o a place of higher education,
either a secondary school (High school), or a university. This speaker happens to
be a devout Christian, who does not believe that gay marriage should be legal.
Upon learning this, a section of the student body of this school decide to protest
this decision in ways that make speaking there extremely difficult. As a result, the
invitation to speak is withdrawn. Personally, | do not agree with what the school
did to manage the situation, but | empathise with the protesting students. They
would argue that to continue to debate same-sex marriage would de-humanise
gay people in the school, implicitly classing them as second-rate cifizens. In the
act of prohibiting the speaker from expressing themselves, the gay students can
go about their lives without the unnecessary anxiety induced by such debate.
Furthermore, it helps the school prove that the environment they foster is an

inclusive one.

The assumptions made in this thought experiment provide us a glimpse of

who is in the right or wrong as well as illustrating one of the aforementioned
nuances to the question of cancel culture: the harm caused to others. The first
assumption is that there is no more debate to be had around the topic of same-
sex marriage. A poll taken by Pew Research Centre in 2019 showed that over

1 in 5 Americans thought that same-sex marriage should not be accepted by
society (20). More than a fifth of the American population in 2019, according
fo this survey, still need convincing on this basic right, so surely one of the best
ways of doing so is by publicly scrutinising each sides arguments through the
medium of public debate. The open and public nature of such discourse will
force people to see the logic in the campaigners’ arguments, thus contributing to
the effort to build a more inclusive society. Moreover, in the process of justifying
their opinions, irrational people become unhinged (21), further adding fo what
some would call ‘ridiculousness’ in their arguments. If people are afraid of
debate, and live in fear of the arguments posed by the other side(s), how can
the campaigners possibly convince other people? Closing off debate and
"no-platforming’ contrarian views only serve to preserve them, as those views get
circulated in closed off circles on the internet, growing increasingly radical as
they are fed back and forth through the hidden echo chambers, thus prolonging

an un-inclusive state rather than getting closer to inclusivity.

In the pursuit of complete tolerance, society will lose the ability to be tolerant.
(22)
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Are the economic

sanctions placed on Russia justified?

A short-listed Independent Learning Assignment (ILA)

INTRODUCTION

As a response to Putin’s decision to invade Ukraine, the UK, the EU, the USA
and multiple other nafions have decided to impose economic sanctions onto
Russia in an aftempt to stop the conflict. Putin believes the Western world to be
against him and they "have publicly designated Russia as their enemy.” (Kremlin,
2022). He is attempting to reunite Russia and its neighbours into a more Soviet
like state, aiming fo "demilitarise and de-Nazify Ukraine"(Kremlin, 2022) and to
bring Ukraine back under Russian control. The economic sanctions have been
putin place in an attempt to keep Ukraine’s independence from Russian rule. |
accept that there must be action to prevent this conflict, however the purpose

of this essay is to question whether the current response to the conflict, targeted

economic sancfioning, is a useful and justified route to go down.

In order for the economic sancfions on Russia to be justified, | believe two
overarching criteria must be met. The first criteria is whether the impact on

Russia is significant enough to cause a stop in fighting. This can occur if
sustained damage fo the Russian economy occurs, leaving them in an almost
unrecoverable recession if they continue fighting. This will either cause public
unrest and aftempits to overthrow the Putin regime, or lead to Putin pulling out

of Ukraine in order to protfect Russia from further damage and fo prevent his
population from suffering. The sanctions placed on Russia are in alignment

with Smart Sanctioning principles developed by the UN as a response to

the humanitarian disaster of the Iraq sancfions. To assess these sanctions, we
must first look at Smart Sanctions and see whether they have had any positive
effect in the past and whether they seem to be working currently. We must

also review Putin’s dependence on public approval ratings and the extent to
which his power is dependent on the public’s perception of him. This will dictate
whether Putin will likely pull out of Ukraine if the Russian population suffer, or
whether he will continue regardless of the cost to the Russian population. The
smart sanctions on Russia look unlikely to have any real effect in stopping the
Putin invasion of Russia, however more comprehensive sanctions, including

total frade embargoes, may be more likely to stop the invasion. If the sanctions
meet this first criteria, we must then review the sanctions to assess whether they
are morally acceptable. To do this we can look at the concept of sanctioning
through different moral lenses. For this essay, | believe Utilitarianism and Aquinas’
Just War Theory to be the most useful lenses to look through. While society is
not wholly utilitarian, the utilitarian concept of pursuing pleasures is popular
amongst many and is central to the majority of economic theory. Therefore a
utilitarian lens would be fairly representative of common moral perception on the
economic sanctions. Similarly the Just War Theory is a popular moral approach
to conflicts, which many accept to be a very useful way of judging whether
there is a moral justification for the conflict. As such, it is seemingly another useful
moral lens to look through to decide whether economic sanctions on Russia

are justified. Both Utilitarianism and the Just War Theory seem to reach similar
conclusions, both suggesfing economic sancfioning to be morally unjustified.

However, utilitarianism seems to be a far more useful moral lens to use when

Louis Wilby, Upper Sixth

assessing the morality of the sanctions, as | believe the Just War Theory to be

unfit for assessing the morality of sanctioning as they are a replacement for war.

THE IMPACT OF THE SANCTIONS

When exploring the impact of economic sanctions on Russia, it is a three part
process. We must look at what the current sanctions on Russia are. From there,
we must assess their effectiveness. This is done in two parts, the first is assessing
past effectiveness of sanctioning to give a good indication of the likelihood

of success. The second is fo review the current consequences on Russia and

whether they will work in forcing Putin to end the invasion of Ukraine.

For this essay, it must be noted that an economic sanction is a tool used by
governments to alfer a nation’s behaviour by limiting a nation’s frade, putting
economic pressure on the nation, and limiting access to financial assets. Pape
puts it simply, “Economic sanctions seek to lower the aggregate economic
welfare of a target state by reducing international trade in order to coerce the

target government fo change its political behaviour.” (Pape, 1997).

Over the years, the nature of sanctioning has changed. The UN ordered the
development of smart sanctfioning as a response to the humanitarian crisis

that followed from comprehensive sanctioning placed on Iraq. The sanctions
currently placed on Russia follow suit, they are targeted, smarter sancfions which
are " designed to hurt elite supporters of the targefed regime, while imposing

minimal hardship on the mass public” (Drezner, 2011).

CURRENT SANCTIONS

The UK has put various targeted sanctions on Russia. There are roughly three
elements to the economic sanctioning on Russia, economic, financial and

sanctions on Russian oligarchs. The sanctions are as follows:

Economic- The UK aims to phase out all Russian oil imports by 2022. Both the
US and EU are attempting to implement similar sanctions, however the EU
imports 40% of its oil from Russia, making it hard to reduce the oil imports as
the EU depends heavily on Russian oil. | believe this to be a big issue; there is a
risk of the whole sanction system being undermined if Russia is able to continue
exporting oil to the EU. This ensures Russia still receive vast sums of money for
their main export and as such their economy will not suffer anywhere near

enough fo force a change in policy.

Financial- £470 billion worth of assets belonging to the Russian central bank
have been frozen, giving them no access to any foreign reserves thus making it
far harder for the central bank fo implement any monetary policy to combat the

current high inflation levels.

Oligarchs- The UK has also targefed many wealthy Russians, such as Roman
Abramovich, with asset freezes and removal of visas. These sanctions,

targeting the wealthy, are an affempt to hurt those with the closest links to Putin,
encouraging the oligarchs to persuade Putin into realising he is doing the wrong

thing.
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As a whole, these sanctions are all targeted, they have been placed on Russia’s
largest export- oil; they have been placed on the Russian Central Bank, reducing
their ability to combat recession and influential Russian oligarchs. The targeted
nature affempts fo avoid severe harm fo the general Russian population, but

enough harm to cause Putin to change his mind.

PAST EFFECTIVENESS OF SANCTIONING

Gary Hufbauer, Jeffrey Schott, and Kimberly Ann Elliot were the first scholars

to do extensive research into the effectiveness of economic sanctions. They
investigated 115 cases between 1914 and 1990, and of these 115 cases,

they showed 40 successes (Doxey, Hufbauer and Schott, 1985). Initially this
seems promising, a 34% success rafe is enough fo be opfimistic about ending
conflict in Russia. An example of successful sancfioning is the US sanctioning the
Dominican Republic in the early 1960s in an attempt to overthrow Rafael Trujillo
and his repressive regime. The US targefed Dominican sugar and oil exports with
tariffs and embargoes and by 1964, a new pro-US government was in place
in the Dominican Republic. Using the 34% success rate, there is justification for
sanctions fo be used on Russia as their likelihood of success seems quite high
for a tool trying to prevent conflict. The initial perception of sanctioning is a
seemingly optimistic one, suggesting sanctions are in fact a very useful tool for a

government fo use.

However, | believe that Hufbauer, Schott and Elliot's findings are flawed and
paint too positive of a picture. The Trujillo regime mentioned above was brought
to an end by his US state sponsored assassination, on the back of US naval
forces ready to invade if the Trujillo’s did not leave. Seemingly military force
resolved that conflict, not the sanctioning. The flawed review Hufbauer, Schott
and Elliot produced on sanctioning was heavily criticised by Robert Pape,
describing it as “overly optimistic” (Pape, 1997). Pape believed only five of the
forty successes were actually as a direct result of economic sanctioning. The

thirty-five failed successes fell foul to one of these issues:
- Eighteen were seftled by force

- Eight were simply failures

- Six were frade disputes, not economic sanctions

- Three were indeterminate

Of the five successes, they only resolved small issues, such as Canada moving
its embassy in Israel. | believe that sanctioning is not quite as useful of a tool as
Hufbauer, Schott and Elliot present it to be, and offen when sanctions have been
put in place, it is actions elsewhere which resolve the conflict. | believe sanctions
cause the problem of creating a heightened sense of nationalism rather than
causing disruption, people stand together when under the attack of sanctions
rather than breaking apart. This suggests to me that in Russia sanctfions could
cause people to stand by the Putin regime rather than turn on it and call for the
end of the war. | agree with Pape that if we want fo avoid this issue, it must be
done "by achieving dramatically higher levels of economic punishment than

sanctions have achieved in the past.” (Pape, 1997).

Although | do believe Hufbauer, Schott and Elliot to be too positive about
sanctioning, | believe at times Pape fails to understand the true nature of
economic sancfioning. | believe that sanctions are not simply a stand-alone
policy, they are a tool in a wider tool box of foreign policy, resulting in an
overly harsh outlook on sancfioning. | believe Pape's binary ‘successful’ or
‘unsuccessful’ ranking to be flawed when reviewing sanctions, as Baldwin says,
"If the sanctions were modestly successful with respect to several different goals
and fargets but highly successful with respect to none, Pape would classify them

as failures.” (Baldwin and Pape, 1998). Sanctioning often has positive impacts in

helping achieve an aim, but these impacts are not always large enough for them
to be justified as a stand-alone policy. When viewed as part in a large set of
foreign policy tools, sanctioning can be viewed as useful. Using the US example
in the Dominican Republic, whilst sanctioning was not the final cause of the end
of the Trujillo regime, it added to the pressure on the regime and helped ensure
the regime was overthrown. In the case of Russia, sanctions are being used
alongside Ukrainian military resistance as well as the UK providing weapons to
the Ukrainian army, meaning sanctioning can work alongside these other two

tools the help stop the Russian invasion.

Past experience suggests that sanctioning could be of use in the case of the
Russia-Ukraine conflict. Whilst | believe Hufbauer, Schott and Elliot's findings

are "overly opfimistic” (Pape, 1997), | do not think they are as useless as Pape
presents them to be. When used as one tool in a wider toolbox of foreign policy,
they can help create the required pressure to resolve conflict. As such, according

to past sanctioning, the current sanctions on Russia could be useful.

EFFECTIVENESS OF THE CURRENT
SANCTIONS

The current targeted sanctions have seemingly had very little effect on the Russian

economy.

- The Ruble is at 61 Ruble to the US Dollar (Russian Ruble - 2022 Data - 1996-
2021 Historical - 2023 Forecast - Quote - Chart, 2022), better than pre-war
rates of around 70 Ruble to the US Dollar.

- Russian unemployment rates are sitting at 4% (Russia Unemployment Rate -

May 2022 Data - 1992-2021 Historical - June Forecast, 2022)

- Assevere rise in inflation, from 9.2% in February to 17.8% in April (Russia
Inflation Rate - May 2022 Data - 1991-2021 Historical - June Forecast,

2022}, the only notable economic damage.

- Supply side issues such as car companies unable to import microchips. As

such car production in Russia is beginning to slow.

With seemingly litfle impact on the Russian economy, the sanctions clearly
provide only a small challenge to the Russian economy and one which the
Russian people will have little problem overcoming. To add to this, Putin's
public approval rating currently sits at 83% (Putin approval rating Russia 2022
| Statista, 2022) and has only dipped below 60% once in the past 20 years,
suggesting Russian nationalism is already very high and the people will easily

stand together fo fight these rather limited sanctions.

The limited effect the current sanctions are having on Russia makes them unlikely
to stop Putin’s invasion of Ukraine. Even when used as one policy in a group of
many, these current sanctions are unable to provide enough pressure on the
Russian economy and people fo have any useful impact in stopping the invasion
of Ukraine. As such, the current sanctions on Russia are unjustified as they are

having very litle effect in stopping the invasion of Ukraine.

A SOLUTION

In order for the sanctions to be justified, they must put enough pressure on Russia
to complement the military pressure Ukraine is putting on Russia, and result in the
end of the invasion of Ukraine. | believe more comprehensive sanctioning can
do that. More comprehensive sanctioning in the form of total trade embargoes
will drive inflation rates up further and increase the unemployment rate. This will
help increase the pressure on Russia as Putin is left with a decision as to whether
to pull out of Ukraine to help the suffering people of Russia, or to continue

on and leave his people to suffer and potentially turn against him. Stronger

economic sancfions are going to be far more effective than the targeted
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economic sancfions currently in place. However, although they are more likely to
be successful than targeted sanctions, there is sfill no guarantee of success with

comprehensive sancfioning.

THE MORALITY OF ECONOMIC
SANCTIONS

The reason for more comprehensive sanctions being avoided today stems from
the humanitarian disaster that came from economic sancfions placed on Iraq in
the 90's. There has been litle moral justification for the approximately 250,000
deaths (Gordon, 2020) caused by these sancfions.

| agree that there is little justification for everything that occurred in Irag, but

| disagree with the logic that all following sets of comprehensive sanctions

will follow suit. As such, | believe it to be important fo review the morality of
economic sancfioning separate to the Iraq case as | believe we have learnt from

the mistakes made in Iraq.

LOOKING AT ECONOMIC SANCTIONS
USING THE JUST WAR THEORY

The Just War Theory, first proposed by St. Thomas Aquinas, is an ethical theory
used to determine whether a war is jusfified or not. As economic sanctioning
is often viewed as an alternative to war, | believe it to be a useful lens to look

through fo judge whether sanctioning Russia is justified or not.

There are three main components to the Just War Theory: ‘jus ad bellum!, ‘jus

in bello” and ‘jus post bello’, each concemed with the build up to the war, the
war itself and the aftermath of the war respectively. When linking economic
sanctioning with the Just War Theory: ‘jus ad bellum” and ‘jus in bello” are usually

the two components most heavily focussed on.

The sanctions on Russia currently seem to align with the ‘jus ad bellum’ principles
of the theory. Within the ‘jus ad bellum’ section of the theory, there are six criteria
which need to be met. The sanctions must have a 'Just Cause’- which in this case
they do, as a response fo the invasion of Ukraine; they must be of ‘Proportional’
force to the harm being done currently, | do not think that they exceed the force
currently being used in the Russian invasion. They must also have the Right
Infention” which they clearly do, the intention being to stop Russia from invading
Ukraine; the sanctions have also been commissioned by a ‘Legitimate Authority'.
The concept of ‘Last Resort" is irrelevant fo sanctfioning as sanctioning comes
before the deployment of the military. The only criteria the current sanctions may
not fulfil is the '‘Reasonable Chance of Success' criteria. The current fargeted
sanctions, using the reasoning above, are seemingly unlikely to have the desired
effects of stopping the Russian invasion. If the sanctions were raised to more
comprehensive ones, which | believe to have a higher (but not complete) chance
of success, | believe all ‘jus ad bellum’ criteria to be met by the sanctions placed

on Russia.

The principles of ‘jus in bello” are where economic sancfioning seemingly

does not align with the Just War Theory. Whilst it is accepted the criteria of
"proportionality” and ‘necessity” are often met within war, it is usually the criteria
of ‘discrimination” which sanction fails to fulfil. ‘Discrimination’ requires non-
combatants and combatants to be distinguished between and only combatants
are allowed to be attacked, combatants being soldiers and those in government
making policy to do with the war, and non-combatants being civilians not
fighting in the war. All economic sanctions, whether that be the targeted ones
currently on Russia (to a lesser extent), or totally comprehensive sanctions, focus

on non-combatants as a way of stopping war. The current sanctions target

oligarchs who have had no part fo play in the Russian invasion of Ukraine, and
comprehensive sanctioning on Russia would target the whole population. Joy
Gordon likens the focus on non-combatants to siege warfare, saying, “the harm
is done to those who are least able to defend themselves, who present the least
military threat, who have the least input into policy or military decisions, and who
are the most vulnerable” (Gordon, 1999). The concept of sanctioning is centred
around causing harm and distress to non-combatants in an attempt fo get them
to help force a change in behaviour from the sanctioned government. This
completely undermines the ‘discrimination’ criteria in the Just War Theory and as

such, the Just War Theory finds all economic sanctioning morally unacceptable.

Despite this, | believe that the Just War Theory cannot be applied to economic
sanctions atf all. | believe war and economic sanctioning fo be too dissimilar fo
warfare for them to both be judged by the Just War Theory. Despite sanctioning
being seen as an alternative to warfare, | do not believe that makes them

like warfare and as such, the two cannot be treated the same. | agree with
Christiansen and Powers' belief that too many scholars "often treat economic
sanctions as analogous with acts of war... along with blockades and siege
warfare” (Christiansen and Powers, 1995) but in reality, sancfioning should
have a different moral status to warfare for three reasons. The first reason,

and what | believe to be the most compelling reason, is that sanctions are not
imposed as warfare themselves but rather as an alternative; the second reason
is that some harms to non-combatants are accepted as they have bought in fo
the government’s ideas and plans; and the final crificism is that if appropriate
humanitarian measures are built in, the harms of sanctioning are far less than
the harms of war. Christiansen and Powers give an analogy in support of my
argument when comparing sanctions with warfare, ‘warfare is akin to the
death penalty, whereas sanctfions are more like attaching someone's assefs

in a civil proceeding’ (Christiansen and Powers, 1995). | agree that the idea
the two scholars try to convey is a useful one, there are differences between
the two, however | believe that their presentation of economic sanctions is not
fully accurate. They present economic sanctions as mere inconveniences which
a nation has to tackle for a short period of time, however in reality, sancfions
pose major problems to civilians, with the aim of causing problems so big that
people protest against the government. Sanctions are slightly more severe than
Christiansen and Powers make them out to be and as such their criticisms must be
adapted slightly to show the Just War Theory to be useless in judging the morality
of economic sanctioning. Despite this, | sfill believe that the argument that war
and sancfioning are too different to be compared does hold true, and despite
Christiansen and Power’s slight misrepresentation of economic sanctions, their
main message is sfill vital, that warfare and sancfioning are too different to both
be judged by the Just War Theory.

On the whole however, there are too many differences between sanctioning
and warfare. Sanctioning is offen preventative, in the case of these sanctions,
despite sanctioning being there to help Ukraine, | argue it is not unreasonable
to suggest that the UK and other nations are also implementing sanctions as
preventative measures, stopping Russia from amassing further power and military
strength and shifting their focusses elsewhere. Preventative measures are not
justified by the Just War Theory as they have no ‘Just Cause!, yet a preventative
measure in the form of freezing assets is far less defrimental than a preventative

measure in the form of a bomb.

I believe there are too many differences between sanctions and war for the two
to be judged by the same moral criteria and whilst the view of Christiansen and
Powers presents a slight oversimplification as to what economic sanctions truly
are, their main message is vital in showing that economic sanctions cannot be
judged by the Just War Theory.
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A UTILITARIAN VIEW ON ECONOMIC
SANCTIONS

If the Just War Theory offers litlle help in the moral justification of economic
sanctioning, another ethical theory must be used to work out whether the
sanctions on Russia are morally acceptable. Utilitarianism, despite its flawed
nature, is an ethical theory at the centre of economic and political theory as well
as offen being used as a tool by the individual to make moral judgement. As
Robert McGee puts it, “To completely ignore utilitarian ethics would be to have
an incomplete analysis” (McGee, 2014). As such, utilitarianism is a helpful moral
lens to judge economic sanctions by, as it is a widely used ethical theory and is

representative of many people’s beliefs and moral outlook on the world.

Basic utilitarian theory, according to Jeremy Bentham, is the idea that an action is
the right thing to do if it maximises pleasure and minimises pain (Bentham, 2012).
Thus, in the case of sanctioning, sanctions are justifiable if the pleasure they

create outweighs the harm and suffering they cause.

A key component to judging whether sanctioning is justified or not from a
utilitarian perspective is assessing the sanctions’ likelihood of success. With little
likelihood of success, sanctions could never be justified as the pain and suffering
felt by the civilians being sanctioned comes with no benefits of preventing
warfare or achieving the political aim. As an inherently consequentialist ethical
theory, if the consequences of the action are unlikely to be the desired ones, it
can never be seen as morally acceptable as the so called ‘greater good” is not

achieved and only suffering occurs.

When applied to the current sanctions on Russia, it was concluded above

that the current smart sancfions are unlikely to be enough o end the war. Any
suffering they have caused to Russian civilians, which, although limited when
compared with a set of more comprehensive sanctions, is unjustified as there is

no pleasure (stopping the war) to outweigh the suffering.

When looking at more comprehensive sanctfions, which have been suggested to
be more useful, the suffering of the Russian population will be far greater. However,
with an increased likelihood of success, does the pleasure and happiness given to
the Ukrainians and the Western world from stopping the Russian invasion outweigh
this suffering? It is beneficial to the majority outside of Russia if the war is stopped
and as such, it seems that the happiness derived from the stopping of Russia’s

invasion could outweigh the suffering of the Russian people.

However, this highlights major flaws in the utilitarian approach to ethics.
Utilitarianism requires us to predict the future. In the case of sanctioning, there is a
chance of success, but it is by no means a certainty. Therefore, it is hard to judge
whether an action is the right thing to do if you are unsure of the consequences.
As a purely consequentialist theory, where an action is right or wrong based

on ifs outcome, when there is uncertainty over the success of an acfion, it is very
hard to work out the best decision to make. In the case of sanctioning Russia,
with uncertainty over the success of these sanctions, it is very hard to judge
whether comprehensive sanctioning is the morally correct thing to do. In addition,
utilitarianism has a very impersonal nature for a moral criteria. It groups people
as a whole, rather than taking info account the individual and this causes issues,
especially in regards to human rights. Pain and pleasure gauges do not take

into account human rights principles and as such, regardless of any human rights
abuses sanctions may cause, such as a loss of rights to safety from violence,

to healthcare, education and adequate living standards, as well as rights to
humane treatment. This disregard for the individual is an issue for many, as human
rights are central to the moral outlook of many. As such ufilitarianism has it flaws
in being a useful tool fo review the morality of economic sanctioning, however is

still @ good representative of basic public mindset.

I believe that it is clear, if the comprehensive sanctions were to work quickly and
effectively, utilitarian theory would find sanctioning to be morally acceptable.
However, it is easy for us to also imagine a scenario where sanctions are
unsuccessful and result in only suffering for the Russian population as well as the
continued invasion of Ukraine. This uncertainty, for me, is enough to suggest that
from a utilitarian point of view, comprehensive economic sanctioning is unjust.

I believe that due to a lack of clear evidence to suggest that sanctioning is a
guaranteed success, a ufilitarian would err on the side of caufion and suggest

comprehensive sancfioning to be the wrong action to do.

Itis clear, thaf the current sanctions placed on Russia are unjust according

to utilitarian theory as they are unable to achieve their goal of stopping

Russian invasion, and have caused some suffering fo Russian civilians. With
comprehensive sanctions, my suggested amendment, it is unclear as to whether
these are right or wrong due to the problems of utilitarianism listed above and
the uncertainty of success. However | believe this lack of clarity to suggest that
a utilitarian approach would find comprehensive sanctioning unjust as there is
too high of a chance of the sancfions not succeeding and as such only the large

scale suffering of the Russian population occurring.

CONCLUSION

I believe that the answer to the question, ‘Are the economic sanctions placed on
Russia justified?’ simply put: no. The current targeted sanctfions have been shown
by history to be highly ineffective and very unlikely to resolve a major conflict like
the Russian invasion of Ukraine. In addition, they have litlle moral justification from

a utilitarian point of view.

However, | believe the answer to the question when using a more
comprehensive set of economic sanctions to be more nuanced. While
comprehensive sanctions are far more likely fo be successful than targeted
sanctions, this likelihood of success is still by no means a guarantee. Although
being used in combination with Ukrainian military action and Western aid to
Ukraine, it is sfill uncertain as to whether these will bring an end to the war. These
uncertainties, whilst okay from an economic point of view as they can bring
success, are not okay from a moral point of view. Utilitarianism , despite being
slightly unclear on the matter, would likely judge comprehensive sanctioning to

be morally unacceptable.

If @ comprehensive set of sanctions could be drawn up, so useful and effective
that the chances of success are almost guaranteed, utilitarian theory could justify
sanctions use. However, with limited likelihood of success, even with a more
comprehensive set of sancfions, from a moral standpoint, there is litfle jusfification

of the economic sanctions on Russia.
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Data Visualisation: An Art or Science!

~

Effectiveness

Exploring the Effects of Aesthetic &
Dataset Complexity on Graphical

A research report written following an Original Research in Science

ABSTRACT

Many business decisions need to be supported and affirmed with data, and
data visualisations are often used to present the data in such a way that it is
made easier fo interpret and gain insights from. Although data can be visualised
with various forms (e.g. bar charts, pie charts, and tables), little is known on their
effectiveness and accuracy in assisting decision making. Furthermore, in order

to enhance the appeal of visualisations, frequently beautification attempts are
made with litfle to no regard as to whether there are any effects on efficiency of
inferpretation. Therefore, in this study, we conducted a comprehensive analysis of
volunteer-participant surveys to determine the effectiveness of three of the most
commonly used data visualisation types — Table, Bar Chart, and Pie Chart. We
used four real datasets (of which only one, Dataset 2, is assessed in this report
for the sake of brevity), for which we evaluated five common data analysis and
inferpretation fasks. We examined the effecfiveness of bar and pie charts, both in
both black & white as well as colour, and measured the perceived visual appeal
of all visualisation types. We find that tables are the most accurate and offen
fastest for categorical and numerical tasks, followed by the bar charts. Also, the
bar charts displayed the strongest pattern identification ability and the coloured
bar charts were the most visually appealing. We also find that the colour of the

visualisation has litile effect on its accuracy or response times.

1. INTRODUCTION

Itis reported that humans generate 2.5 quintillion bytes of data daily (Statista,
2021). It goes without saying that we have more information than we know what
fo do with. Hence it becomes imperative that we find ways to simplify data info
more approachable and accessible forms. This is generally realised with data
visualisations, the aim of which is to increase the efficiency of interpretation and
enhance understanding of the data. Humans have evolved an incredible ability
to detect and recognise patterns through our visual processing system, which

is largely effortless and intuitive (Pinker, 1988). Thus, data visualisation seeks

to leverage the visual processing fo improve the communication of, and insight
into datasets. This should enable analysts to communicate their insights more
effectively, and for decision-makers to make better informed decisions and thus

improve the operation of business (Yigitbasioglu & Velcu, 2012).

Nowadays, computers are used fo store, obtain and process large volumes
of data. This data can be easily processed and converted info various visual
forms, of which the most common in business are still the simple bar chart, pie
chart and line graph. With the progress in data processing, improvements in

data presentation are also made to the point where the data analyst often has a

(ORIS) placement
Michael Wu, Upper Sixth

specific choice of data visualisation type, colour, font type and size, line width,
category order, and so on. However, these raise many questions on the use

of these visualisation types. For instance, does colour affect ability to compare
barse Does it affect ability to spot patterns, to calculate totals, to identify the
greatest or lowest datapoint? Considerable efforts have hence been devoted to
examine the impact of data visualisation on decision making (Bishop et al., 2013;
Chertov et al.,, 2002; Chinnaswamy et al., 2019; Quatirone, 2017).

The efficiency of graph types in data visualisation was first investigated by
Cleveland and McGill (1982, 1984, 1985, 1993) who explored how human-
subjects interpret different visualisation types, resulting in a categorisation of
different graphs into an implicit hierarchy for different data comprehension and
analysis tasks. The hierarchy suggests that positions against scales and lengths
were more accurate graphical encodings than angles and areas, thus implying
that bar charts are more accurate than pie charts. Since then, cognitive models
of graphical perception were proposed (Carpenter & Shah, 1998; Friel et al.,
2001; Hegarty, 2011; Lohse, 1993) and further explored using such advanced
technologies as eye tracking (Okan et al., 2015; Strobel ef al., 2016) and brain
sensing (Peck et al., 2013).

The influence of colour and aesthetic appearance on graphical perception was
also investigated. Most research on the influence of colour was attributed to
Benbasat et al. (1986), who aimed to “assess the influence of graphical and
colour-enhanced information presentation on information use and decision
qudlity in a simulation setting”, and Cawthon & Moere (2007) who investigated
the “under-represented"” effect of aesthetics on efficiency and effectiveness of

information refrieval in various complex visualisation types.

Some findings have ultimately found their way into common usage in business
analytics and data visualisation in general. For example, many advocates of
data visualisation now vehemently disown the pie chart (“Pie charts are evil” -
Knaflic, 2015). However, these commandments — thou shalt not use pie charts,
thou shalt not use 3D — lack subtlety, and the research that supports them is often
based on small studies of, at best, tens of university students. The redlity is likely
far more nuanced, with context being vital in which graph type is appropriate.
For example, pie charts are primarily designed to show the part-whole
relationship, and the evidence appears that they are very good for this task. Also,
there is now substantial evidence that people are not comparing area when
using a pie chart, but rather comparing arc length, or some other factor (Skau &
Kosara, 2016a). New technology (e.g. Virtual Reality and Augmented Redlity)
now open up the possibility that 3D graphs — properly represented in 3D space

- as viable visualisation techniques.
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In summary, there is still a lot of research to be done in data visualisation. There
is lots of dogma based on skefchy data, and we believe there is sfill a much
better balance to be struck between (useful] accuracy, design theory and simple

aesthetics.

Therefore, the aim of this study is to perform a comprehensive evaluation on the
efficiency and accuracy of the most commonly used chart types in presenting
real dafasets. For this purpose, we conducted a survey fo assess the graphical
efficiency of two different 2-dimensional graph types (Bar Chart, Pie Chart)
and using a Table as a control on five different graphical interpretation and
analysis tasks. We also assessed the effect of colour on the responses to the bar
and pie charts and analysed the data using the Monte Carlo random sampling

approach.

2. HYPOTHESES

A priori, we assume that relevant metrics to assess the efficiency of a graph
type are accuracy, response time, and visual appeal. Based on prior research
and personal expectation and experience, we decided to test the following

hypotheses:

* When participants are asked to compare the difference or sum of two
categories, tables should outperform both bar and pie charts in terms of
accuracy and response times, but bar charts should be more accurate and

faster than pie charts.

* When participants are asked whether there is a discernible pattern in the
dataset, bar charts will outperform pie charts, which will outperform tables, in

accuracy and speed of response.

The coloured bar and pie charts are the most visually appealing, followed by

their black & white counterparts. The table is the least aesthetic visualisation

type.

* The difference in accuracy between bar and pie charts is smaller than the

natural variance typically observed in real-world datasets.

3. METHODOLOGY
31. SURVEY & STUDY DESIGN

An online survey was designed based on 4 datasets which were taken from
real life data rounded to varying degrees of accuracy (to resemble real
imperfect data), and were chosen because they contained not only a variety
of confexts but also, more significantly, a relatively large number of categories:
the lowest being 7 and the highest 12, which are much more than that used in
previous studies where often no more than five categories were used (Simkin &
Hastie, 1987; Skau & Kosara, 2016a, 2016b; Spence, 1990; Zacks & Tversky,
1999). This made the questions more realistic and could be used to evaluate
participants’ graphical perception to data related to daily life. The data for each
dataset was converted to percentage compositions, and the participants were
informed in the question description that the fotal percentage would always be
100%.

With these datasets, we devised an online survey using Qualtrics software (the
survey can be accessed via this link: https://surreyfbel.qualtrics.com/jfe /form/
SV_9ZuURBpZuc5IN42), with the same types for questions for each dataset
and graph type. Prior to the questions for each dataset, a preface was included

fo give confext fo the data about fo be shown.

Each dataset was plotted with five different graph types: i) Bar chart with colour,
i) Pie chart with colour, iii) Bar chart in black & white, iv) Pie chart in black &

white, and v) Table. The table set was included as a control variable against the

bar and pie chart variations. For each participant and dataset, only one of these
five graph types was randomly selected with uniform probability and presented
to a participant. Regardless of the graph/table being selected, the survey

contained the same questions in the same order for all datasets.
3.2. DESIGN OF GRAPHS & TABLES

An example of the coloured bar and pie charts from Dataset 1 are given in

Figures 1 and 2 below.

Percent

" ."'I

e\"e@e’ﬂe\w&a\* oe® 9’\“‘;\,@\9

Figure 1: Example of a coloured bar chart presented in survey. Here, the

coloured bar chart for Dataset 1.
Purple

Pink
Red

Blue

Orange

Yellow

Green

Figure 2: Example of a coloured pie chart presented in survey. Here, the

coloured pie chart for Dataset 1.

The graphs and tables were all labelled using transport font (which was
specifically designed for ease of reading on road signs) o reduce the level of

mental load that participants would expend on reading the category labels.

The black & white versions of the bar and pie charts had white bars or slices with
black outlines, axes and labels. The colour schemes used in the colour charts are

shown in Figures 3 & 4. The tables were all black & white.

Figure 3: Colour scheme used for Dataset 1.
I
Figure 4: Colour scheme used for Datasets 2-4.

3.3. SURVEY QUESTIONS

A diverse range of question types was carefully considered for each dataset to
maximise the use of the data visualisation type. An attempt was also made to
increase the difficulty of the questions as the respondent progressed in the survey

to challenge them and augment the difference in response accuracy if any
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discrepancies did exist. The question types used are explained in detail in Table
1. These questions were always presented in the order as listed in Table 1 and

were always placed under the corresponding graph or table.

Table 1: Question types used in the survey.

Question Type Datasets | Explanation Example
Used In

Categorical | Placement 1,2,3 | This question involved asking the respondent to identify a certain category from “From the graph, which store
the data visualisation type shown. These were all multiple choice and a list of all has the smallest market
categories in the given dataset were shown from which the participant could select | share2”
only one option. This question type was not used in dataset 4 as it was deemed too
easy.

Numerical Difference All These questions required the participant to estimate the absolute difference in size | “From the table, what is the
of two different categories. The phrase “percentage point difference” was used in difference in percentage
an effort to obtain the absolute difference, not relative difference in size. points of the numbers 2 and

82"

Valuation All Valuation questions asked the responder to estimate the value of a stated category. | “What is the percentage of
people who had a favourite
colour of Red?”

Summation | All Summation questions asked the partaker to approximate the total size of two “What is the total market share

different specified categories. of Communications and
Energye”

Pattern All The pattern question asked the respondent’s opinion on whether the data shown “Is there a pattern in this
contained a pattern, with three optional answers “Yes”, “No” and “I don’t know”, datag”
from which only one could be chosen.

Visual Appeal All Visual Appeal questions sought to find out how visually appealing the given “How visually appealing is this
visualisation type was. This was done via a Likert scale with options “Very graph?”
unappealing”, “Unappealing”, “Neutral”, “Appealing” and “Very Appealing”.

3.4. SURVEY CAMPAIGN

The survey was created using the Qualtrics experience management software.
We promoted the survey using online forums to atiract as many participants

as possible. The survey was distributed and posted on numerous social media
platforms and internet forums over a 3-week period. In doing this, parficipants
with as wide a range of graphical interpretation experience as possible could

be engaged. A total of 2,900 unique participants voluntarily did the survey.
3.5. DATA PROCESSING

Upon receiving all responses, any incomplete questionnaires were removed
as well as those from anyone who did not accept the terms of agreement.
Responses from participants who took longer than 1800 seconds (i.e. 30
minutes) to complete the survey were then removed as well as responses from
anyone who took longer than 180 seconds (i.e. 3 minutes) on any question.
For the numerical response questions, all numbers were formatted identically
and invalid responses were replaced with “NA”. Participants who had more
than 50% of their responses as “NA" were then removed from the dataset.
The original sample (2,900 participants) and final cleaned sample (1,142
participants) are shown in Figure 5. Then accuracies of the remaining responses
in the final sample were then calculated. For categorical questions this was

a simple “TRUE" or "FALSE” depending on whether the participant selected
the correct answer or not and for numerical questions this was the absolute

difference between the participant's response and the actual answer.

350~
10 Original Sample|
300+ I Final Sample
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Figure 5: Histogram of original sample (2,900 participants) survey duration

against final cleaned sample (1,142 participants) survey duration.

To determine whether there was an effect on the time taken to answer between
the coloured and black & white charts and also between different devices,
two-sample Wilcoxon signed-rank tests were performed. No significance was
obtained so the times taken were combined into one set for each of the three
visualisation types (Bar, Pie, and Table). These same fests were also undertaken
to check whether there was an effect of device used and colour or black &
white on the accuracy of response. Again, they came with no significance in

most questions so the data was again combined.

The combined survey results were then further analysed to assess the accuracy
of response; variation in response times of all questions; and response times
between data visualisation types. Percentages of response options for the
categorical, pattern and visual appeal questions were determined and
compared. The dafa for the visual appeal questions was split into five graph
types — Bar Chart with Colour, Pie Chart with Colour, Bar Chart in Black &
White, Pie Chart in Black & White, and Table ~ for comparison, rather than just
three — Bar Chart, Pie Chart, and Table.
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4. RESULTS
4.1 EXAMPLE OF RESULTS

For the 1,142 respondents with valid responses the average time to complete
the survey was 486 seconds (8 minutes 6 seconds), of which 799 used a
smartphone and 343 used a computer. An example of the results for Question 3

of Dataset 2 questions can be found in Table 2.

Table 2: Overview of the results of Question 3 from Dataset 2, containing
elaborations of statistical significances. Included is a violin plot of response
times in seconds; a table containing contains the percentage of correct answers,
which we refer fo as accuracy, for each graph type where “correct” for
numerical questions is answers within +0.5 of the true value; and a violin plof of
the distribution of accuracies of the incorrect answers, where O (the true value) is
shown as a red dot and the mean and one standard deviation is displayed by

the black dot and line respectively.

D2Q3 - VALUATION

Graph Types: Percent Correct / %:
Bar ?0.89
Pie 18.25
Table 96.51

Accuracy D2Q3 by Graph Type Incorrect Responses Only

Table

Graph Type
o
@

)
S
5]

0 10 20
Accuracy

Response Times D2Q3 by Graph Type

Table

Pie

Graph Type

11

o

25 50 75 100
Time /s

Accuracy: (T>B>P)

The Table is most (p < 0.01) accurate, followed by the Bar Chart, which is
significantly (p < 0.001) more accurate than the Pie Chart.

Time: (T~B>P)

Results show that the Table and Bar Chart are both significantly (p < 0.001)
faster than the Pie Chart.

4.2. ACCURACY

From the analysis based on Monte Carlo random sampling of the responses and

the Kruskal-Wallis tests to the categorical questions, it was found that presenting

the data with a table was always significantly (p < 0.05) more accurate than the
bar and pie charts. This is to be expected as the actual values of each category
can be defermined from the table whereas from the bar and pie the sizes of

the categories have to be compared and the values to be estimated, which is
significantly more difficult if the categories are similar in size. No significance

was found between the accuracy of the bar and pie charts.

For numerical questions, the table was also always significantly (p <0.005)
more accurate than the bar and pie charts. This is inferesting fo notice as the
parficipants could easily locate the exact values required and sometimes perform
a short caleulation to obtain the exact answer. Interestingly, the bar charts always
performed significantly (p < 0.001) better than the pie charts at these questions.
There are a number of factors which could have led to this outcome, some being
the difficulty of the questions, the fact that the bar charts contained a labelled
y-axis which would give the participants an approximate range for which their

answer could reasonably lie efc.

The data for the accuracies of the pattern recognition questions were much more
scattered than any other question types. After all, whether or not there is a pattern
in the data is very subjective and despite the selected datasets being very
definitive as to whether or not they represented a pattern or not, there could still
be underlying social and economic principles which mean that there is actually
a pattern in some of the first three datasets even with the rearranged orders of
some of the categories. We have split the results of this section into four parts in

order to discuss the results of the pattern question for each dataset separately.

In dataset 2 there was no apparent pattern associated with the data and the
Monte Carlo sampling returned no significance between any graph type. The
highest percentage correct was from the coloured bar responses, 55.2%, and

the lowest was from the table, 44.2%.
4.3. VISUAL APPEAL

Ten comparisons were required for the Kruskal-Wallis tests and Monte Carlo
samples of the Bar Colour (BC), Pie Colour (PCJ, Bar B&W (BBW), Pie B&W
(PBW), and Table (T), of which the Coloured Bar was always significantly (p
< 0.05) the most popular. It is expected that the Coloured Bars and Pies are
the most popular and the least visual. The Tables are expected to be the most
unappealing, but surprisingly, the Coloured Pie Chart and Black & White Bar
were equally appealing, with the Table coming next. Despite being visual, the
PBW was the least popular, being significantly (p < 0.05) disliked compared
to all other graph types in all datasets apart from the Tin dataset 2 where p =

0.071.
4.4. RESPONSE TIME

The analysis based on the Kruskal-Wallis tests and the Monte Carlo random
sampling on the response times to all questions showed that significance was
present in all question types apart from the visual appeal questions. Across all
question types however, we find that the table was overall the quickest, followed

by the bar chart, with the pie chart generally the slowest visualisation type.

The response times fo the categorical questions were significantly different,
although the quickest varied between questions, and were generally conducted
fastest by participants presented a bar chart and slowest by those presented a
pie chart. Our results also suggest that the order in which the data is presented

has an effect on the speed of responses from the tables.

The difference questions were performed fastest by table users, and slowest by
pie chart users. We expect the tables to be the most efficient at this task as it is
possible to calculate the exact value of the absolute difference whereas in the

bar and pie chart a complicated comparison offen had to be performed.
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The order of response times for valuation questions was the same for all datasets,
where they were expectedly completed fastest on the tables. Second fastest was
the bar chart, likely due to the labelled y-axis which they could quickly obtain an
approximate answer for. The pie chart was slowest again, presumably due to the
large slice count making it difficult to estimate values and the ease at which this

task could be performed on the other visualisation types.

Inferestingly, the times taken for the summation quesfions were significantly
different, but not consistent: with the pie charts surprisingly quickest the most times,
followed by the tables then the bar charts. Interestingly, Cleveland & McGill
(1984) also observed the similar phenomenon. We find it relevant to note that

in all summation questions, the answer was always less than the value of the
greatest bar, meaning that the answer lied on the labelled y-axis which could
therefore be used to help approximate an answer. However, the pie chart was

overall the fastest.

5. DISCUSSION
51. MEANINGFUL MAGNITUDE OF DIFFERENICES

Besides being able to show significant differences between the three
visualisation types, it is worthy discussing whether these differences would
actually have a meaningful effect in the real world. We therefore present the
following tables showing accuracies as percentages of correct responses and

response fimes in seconds.

We also note that some of the means, especially for response times, seem to
contradict significance findings based on Kruskal-Wallis and Monte Carlo

testing. This is likely due to a long tail of the response times, as shown in Figure 6.

Histogram Displaying All Response Times

Count

T T T T T T 1
60 80 100 120 140 160 180
Time /s

Figure 6: Histogram of response times to all questions. The x-axis is presented
up to 180 seconds as participants taking longer than this length of time in any

question were removed.

Table 3: Accuracies of each graph type for each question.

INACCURATE-ACCURATE

Question

Table 4: Mean response times in seconds of each graph type for each question.

SLOW-FAST
Question Bar Pie Table
D2QI1 19.51 23.75 20.79
D2Q2 29.65 35.85 2795
D2Q3 16.65 21.16 16.12
D2Q4 20.54 19.66 23.22
D2Q5 10.55 Q.41 8.6l

Table 5: Percentage of responses to visual appeal questions by graph type.

LOW-HIGH

Dataset Graph Type

Very Unappealing | Unappealing

Neutral Appealing Very Appealing

2 Bar Coloured 702 21.49

Bar Black & White 14.35

Pie Coloured 18.48

Pie Black & White

Table

Bar Coloured

Bar Black & White s

Pie Coloured

Pie Black & White

6.14

3.91

13.27 6.16
8.40 1.26
Q.36 4.68

Table
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Percentage of Total Responses

Figure 7: Mean percentage of responses fo visual appeal questions by graph type over all datasets.
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Combining this data with the significances discussed above reveals whether

a significant difference is really meaningful in the real world. For this purpose,
we regard that a difference is meaningful and impactful if: for accuracies and
percentage responses the values more than 10% apart; and for response times if
the values are more than 5 seconds apart. We believe that these differences are
enough fo be noticeable in real world situations, and for accuracies, larger than
the natural variance typically observed within real datasets. Consequently, our

study shows that:

1. There is not a meaningful difference in accuracies or response times of

placement questions between any graph types.

2.There is a meaningful difference in accuracies of all numerical question types
between all graph types, with the table being more accurate than the bar,

and the pie being least accurate.
3.There is no meaningful difference in pattern question response times.

4.The pie charts were meaningfully the slowest at difference tasks and

meaningfully slower than only the table in valuation tasks.
5.No meaningful difference is found in summation question response times.

6.The coloured bar chart was the most appealing, the black & white pie chart
the least appealing, and the remaining three visualisations having the same

perceived aesthetic
5.2. WHICH VISUALISATION TYPE SHOULD | USE?

Based on our findings, we suggest the following visualisation usage dependent

on task:

* Use tables for exact numerical calculations and finding exact
values. We found that tables produced the most accurate results and

quickest response fimes for these tasks.

Tables are often more efficient on smaller datasets (for example up
to 10-20 categories). Graphs are likely only useful when specifically asking

questions around patterns or part-whole relationships.

Use bar charts for identifying patterns. Our results show that the bar

charts outperformed pie charts and tables in this area.

All else being equal, and if visual aesthetic is an important factor in
selecting your visualisation, use a bar chart with colour over a pie
chart of any colour. Results of our study show that the coloured bar charts
significantly outperformed the other visualisations tested in the visual appeal

sector and that the black & white pie chart was least preferred visually.

If 7 or more datapoints are required do not use a pie chart. We find
that the bar chart and table were always significantly more accurate than the
pie chart in all our datasets (containing between 7-12 datapoints). This finding
is confrary fo previous research where litfle or no significance is found (also

where often no more than 5 different datapoints are presented).
5.3. ASSESSMENT OF HYPOTHESES

Based upon our systematic analysis of the survey responses, we are able fo

evaluate the hypotheses that we made in Section 2 as follows:

* When participants were asked to compare the difference of two categories,
tables did outperform both the bar and pie in terms of accuracy and response

times, and bar charts are also faster and more accurate than pie charts.

* When asked to sum two categories, we actually found that the pie chart is
faster than the table and bar chart, with the table second fastest. However, we
were correct in our hypothesis that the table would be the most accurate and

pie chart the least accurate.

When asked to determine whether a discernible pattern was present in the
dataset, the bar charts are the fastest and most accurate, but we were wrong
in our hypothesis that the pie charts would be significantly more efficient than

the tables, instead finding that the pie chart and table are equally accurate.

We did find that the coloured bar chart is the most appealing, but the pie
chart is not on par. We are correct that the coloured versions of the bar and
pie charts are more visually appealing than their black & white counterparts.
However, we found that the table is not the least aesthetic but instead the

black & white pie chart is.

Contrasting with our hypothesis, we find that the difference in accuracy
between bar and pie charts is larger than the natural variance typically

observed in real-world datasets for numerical questions.

6. CONCLUSIONS

Since the visual appeal of graphical visualisations is not widely investigated as it
is often grouped as a largely insignificant factor of “graphical preference” and
other such variables, we conducted a systematic analysis of online voluntary
participated survey to explore its impact on data visualisation efficiency and
found that the table had the greatest performance in terms of accuracy and
speed of response for both categorical and numerical tasks, followed by bar
charts. The bar charts resulted in the strongest pattern identification ability and the
bar charts with colour were overwhelmingly the most visually appealing. we also
found that there was no effect of colour on accuracy or time of response apart

from where it is a relevant identfification tool.
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A long time ago in a galaxy far, far away:

The Hunt for the

Supermassive Black Hole

An extract of this short-listed Independent Learning Assignment (ILA)

"Black holes are where God divided by zero” - Albert Einstein

1 INTRODUCTION

Black holes are a fundamental prediction of Einstein’s theory of General
Relativity [1]. A defining feature of black holes is the event horizon, a one-
way causal boundary in space-time out of which not even light can escape;
at first studied as @ mathematical consequence of General Relativity rather
than physically relevant objects [2], they are now known as generic and
often inevitable results of gravitational collapse [3][4]. Over a century ofter
the discoveries of Einstein and Schwarzschild, they still remain at the heart of

fundamental questions unifying General Relativity with quantum physics [5][6].

Black holes are fairly common in astrophysics, and found over a range of
masses (from stellar mass black holes to supermassive black holes). Evidence
for stellar mass black holes come from X-ray [/] and gravitational wave
measurements [8]. Supermassive black holes, with masses from millions to tens
of billions of solar masses, are thought to exist in the centre of nearly all galaxies
[9], including in the centre of the milky way [10] and in the nucleus of the nearby
elliptical galaxy M87 [11][12].

In 2019, the first ever image of a black hole was released by the Event Horizon
Telescope Collaboration [12], and only a few months ago, in March of this year,
the first image of Sagittarius A*, the black hole at the centre of our own galaxy,

was released [13].

The earliest mention of the concept Black Hole comes from John Michell, the
English natural philosopher and clergyman, writing in the 1770s, and producing
a paper on the fopic in 1783. While arguing that the brightness of a star was
related fo its mass and area (and hence density), he calculated that the escape
velocity of the sun was roughly 497 times smaller than the velocity of light (which
was known fairly accurately [14]), and hence argued that a star with 497 times
the area and the same density of the sun would trap all the light that it emitted.
He went so far as to point out that it would be impossible to observe these so-

called "dark stars” except by their gravitational effects on nearby bodies.

This idea relied on the fact that light would be slowed down, just like any
other macroscopic body, by the gravitational field of the star from which it
was emitted; however, when William Herschel later attempted to measure a

decrease in the speed of detected light, he was unsuccessful. [15]

2 RELATIVITY AND THE BLACK HOLE
21 EINSTEIN'S FIELD EQUATIONS
211 EINSTEIN'S EQUATION AND SCHWARZSCHILD'S SOLUTION

It wasn't until over 100 years after they had first been dreamt up by John Michell,

in 1915, that black holes would once again become a topic of serious scientific

Andrew Zhang, Upper Sixth

discussion. Having developed his theory of General Relativity, Einstein showed
that gravity, rather than being a simple force as in Newtonian physics, was a

distorfion of spacetime and as such affected the path of light.

Einstein’s field equations described the local curvature of spacefime of a region,
relating it to the local energy, momentum and sfress within that spacetime [16].
Only a few months after their publication, (and while serving as a soldier in the
First World Warl) German scientist Karl Schwarzschild found an “exact solution”
to these equations, describing the curvature of space-time around stationary,
spherical objects (for example, a star). However, Schwarzschild's solution
seemed to show that @ mass gathered in a small enough space would cause the
equation to “blow up to infinity” [17]; terms in the field equations would become

infinite. This is known as the Schwarzschild radius:

2GM
; QY

where G is the universal gravitational constant, M is the mass of the object, and

R, -

C

cis the speed of light. This describes the radius of the event horizon of a non-
rotating black hole; any object with a radius lower than its Schwarzschild radius

is a black hole [18].

At the fime, Einsfein and Schwarzschild did not really understand what they
had found, and Schwarzschild died just months later. Despite the mathematical
foundations for what would become known as the black hole being set, the

concept would be overlooked for two decades.

3 IMAGING

Obtaining a close-up view of a black hole has been a long-term goal that has
long evaded astronomers. In 2019, the first ever image of a black hole was
published by the Event Horizon Telescope collaboration - an image of the

supermassive black hole at the center of the galaxy M87.[19]

The plan was o image the event horizon of a supermassive black hole. Two
sources were initially selected as targefs: Sgr A*, the supermassive black hole af
the centre of our own galaxy, and the huge, jet-producing black hole of one of

our neighbour galaxies, M87.
3.1 THE EVENT HORIZON TELESCOPE
3.1.1 A PLANET-SCALE TELESCOPE

The Event Horizon Telescope is an extensive virtual telescope which is created
by combining simultaneous observations from various radio arrays and dishes.
In the case of M87, the observations were made by eight ground-based

telescopes in Arizona, Hawaii, Mexico, Chile, Spain and the South Pole.

The EHT works by performing very-long-baseline interferometry: combining
different telescopes around the world allows the EHT to function like a telescope

with an effective size the same size as its longest baseline (the distance between
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component felescopes). These are shown in Figure 1, where the solid lines are
baselines used to observe-M87 and the dashed lines are baselines used the
calibration source. The resolving power of the telescope can be calculated by
the Rayleigh criterion, 6~} where @ is the minimum angle that can be resolved,
and b is the aperture width. This can be adapted to the EHT by using the
longest baseline (distance between two telescopes) as b. Thus, it can reach an

incredible resolution of 25uas at its observing wavelength of 1.3mm. [20] [12]

The EHT's imaging plans begun over a decade ago, but facilities had to be

upgraded and new facilities built.
3.1.2 THE PHOTON SPHERE

Although the Schwarzschild radius of black hole defines its event horizon (if it is
non-spinning), the closest to the black hole that the EHT can actually observe is
the photon sphere (i.e. where photons orbit in the black hole in unstable circular
orbits) [20]. This can be found in terms of its gravitational radius: Gravitational
lensing means that the radius of the sphere appears between (2v3+2V2)r, and
(3V(3))", [for a Swarzschild BH), which depends on the spin and inclination

of the BH (where rg is the gravitational radius, 7 =5 or; . The photon sphere

appears as the “shadow” of the black hole.

Consider a non-spinning black hole with a mass of ~4.1x10°/0 and a
distance of 8.34 kpc from earth (modeling Sgr A* as a Schwarzschild BH): by
balancing the relativistic centripetal (where o'=ov/1-22, where r = r,yand v =c)
and Newtonian gravitational forces we can find the radius of the photon sphere

as seen from earth:

Figure 1: The eight EHT 2017 campaign stations over six geographic locations,
as viewed from the equatorial plane. The solid planes represent mutual visibility
on M877*. The dashed lines were used for the calibration source, 3C 279.
Source: EHT Collaboration et al 2019 [12]
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Now, subsfituting v for ¢ (the speed of light, which the photons in the photon

G
sphere must move at), r, for ;g and rfor r,,;:

GM

2
21— Ty

rph rph
GM 2r
9 =Iph (1 - _g)

C I'ph
2t

g =I‘ph(1 -
I‘ph

rearranging for r,:
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Thus the photon distance is three times the size of the gravitational radius for a
model of Sgr A* as a Schwarzschild black hole (non-spinning), and we can use
trigonometry to find the angular diameter of this model (about 25 pas). Therefore
it can be resolved by the EHT. [20] [21]

3.2 M87
3.2.1 WHY M872

Although M87 is further away (about 2,000 times further), its black hole is
around 1,500 times larger than that of Sgr A* (as well as being far more
luminous), meaning that it has longer and more manageable variability
timescales. Therefore M87 is comparatively straightforward to image compared
fo Sgr A*.

M87* is known fo be active, having a “jet" of particles that shoots out and
stretches 5000 light years from the galaxy’s centre, while Sgr A* is far calmer
(M87* feeds on massive reservoirs of gas, while Sgr A* sips from the stellar

winds of a few dozen stars in its neighbourhood).
3.2.2 ESTIMATING MASS

An upper and lower limit for the mass of M87* can be estimated by using its
angular diameter (determined from the images gained by the EHT as 42pas)
and distance from us {16.8 Mpc, or ~ 5.18 x 10%m to find its lensed physical
radius, and then using the minimum and maximum of gravitational lensing that
occurs fo find the minimum and maximum gravitational radius and thus its mass

[20]. The following was adapted from the 2020 BAAO paper:

We know that the angular radius is half of the angular diameter (6, = 21 uas
or 1.02 x 107° radians. Using the small angle approximation and some

frigonometry we can say that:

Iy
d
- do.
r=1.02x 10719« 5.18 x 10%=5.29 x 10" m

Where 1! is the lensed gravitational radius and d is the distance to M87*.
From this the maximum and minimum bounds of M87*'s mass can be found by
applying the two extremes of gravitational lensing to find the possible extremes

of r, the actual radius and hence its mass:

/A;] =( 5\/5_)’11/,/11[11
ry 5.29 x 10"

P gmin = =1.02 x 10"%m
omin= 2 /% 3V3 *
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but since I°,

G min

g, min =1.02 x 1013 _ :

C

2
I g,min € 1.02 X1015C2
Mmin = =

G G

Which is ~ 6.90 x 10° . The same method can be used, but with r, .. =

(2V3+2V2)r, to get M, = 1.48 x 10° kg or 7.41 x 10°H and therefore the
mass M87* can be estimated from its images. [20] [21]

=1.37 x 10"kg

3.2.3 IMAGING M8/

In April 2017, conditions were finally right to attempt fo image M87's event
horizon. It was observed for four days (across the planet) and the data from
all eight of the telescopes were combined in order to reconstruct images of the

black hole.

The image matched predictions incredibly well, with a ring of light spanning

38 — 44ypas, and the "southern” part of the ring appearing brighter than the rest.

April 11, 2017

MS8T*

o0 pas

April 5 April 6 April 10

o 1 2 3 4 5 6
Brightness Temperature (10° K)

Figure 2: Top: EHT image of M87* from observations on the 11th April as a
representative sample of the images collected. The image is the average of
three different imaging methods, affer convolving each with a circular Gaussian

kernel to give matched resolutions. The image is shown in units of brightness

Sh2

temperature: Thb = 724 where S is the flux density, A is the observing wavelength,
B

k is the Boltzmann constant and 2 is the solid angle of the resolution element.
Bottom: similar images which were taken over different days, showing the
stability of the basic image structure and equivalence on different days. North is

up and East is left. Source: [12]

The bright orange ring of emission is caused by the dust and gas that forms the
accretion disk of the black hole, as well as funnels at the base of its powerful jets.
It was predicted that images of such an encased black hole would reveal a dark

'on

region - the black hole's “shadow”, surrounded by the ring of emission which is

produced by distorted paths of light from the surrounding material.

The southern part of the ring appears brighter because the matter moves towards
us on this side; a relativistic effect beams light in our direction and causes the
region to appear more bright. Combined with observations from previous
measurements of M87's jet, which show that it is inclined at an angle of 17°
relative to our line of sight, so that M87 likely spins clockwise from our point our

view, with ifs spin axis pointed at an angle away from us. [12]
3.2.4 NON-SPINNING AND SPINNING ACCRETION DISK PREDICTIONS

The theoretical inner radius of the ring, the Innermost Stable Circular Orbit
(ISCO), can be found by the value of r for which the total conserved energy of a

circular orbit close to a Schwarzschild BH which minimises this energy, E:

1-%2
E=mc? (=) (3)

This can be done is by differentiating E with respect to r and setting the derivative

equal to zero, using product rule:

dE
dr

2r 3r, (1 -2
B @
213 2r (I—T)z

= me [

r
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2010y 312,

r =6 ry

Therefore ry¢0 = 6. This is analogous fo the photon sphere, but for particles with
mass. [20] [21]

However, this is true only for a non-rotating BHs: in reality many BHs rotate and
have angular momentum. The Kerr metric describes black holes with spin angular
momentum: the photon capture radius changes with the ray’s orientation relative
to the vector of angular momentum and therefore the black hole'’s cross section is

not necessarily circular [22].

The spin can be quantified with a dimensionless spin parameter, a = J/J,
(where J is angular momentum of the BH and /... is it maximum possible
angular momentum, defined by J,... = %F The spin parameter varies from =1
< a< 1; negative spins indicate black hole rotation in the opposite direction of
accretion disk rotation and vice versa. When a = 1, rssco = r, and whena = -1,

risco = 9r,. An equation for the angular velocity of a particle in the ISCO is:

2 G

= 39 3/2
(rysco +ary °)*

@

®)
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Thus, if we know the mass of M87*as 6.5 x 10°M@ we can find the time period
for a particle in the ISCO of M87* for each of the cases of a = 1, a = -1 and

a = 0 by first using ry = (’%[ (to gef ry = 9.59x10%m) and then the relation

' 2 Thusfora =1

between angular velocity and time period, T: w =

s G
w ="
c

471 26‘2
GM
4.02 x 10%

7% =

T

Or an orbital time period of 4.65 days. Repeating the same method for a =0
and a =—1 gives time periods of 34.2 days and 60.4 days respectively.

During the imaging of M87*, over a period of 5 days, a bright patch of gas
was observed to move a quarter of the way ar ound the ring. Therefore, the
orbital period of this gas would be 20 days (which falls within the range of
ISCO gas) and corresponds fo a positive spin. [20] [21]

3.2.5 COMPARING M87* WITH MODELS

Comparing the images of M87* to an extensive library of simulated
observations, which are dependent on the underlying models and conditions,
showed incredible consistency with actual observations (confirming a picture
of a spinning supermassive black hole as the source of the emission). They also
suggest the most likely way that M87s jets are launched: via energy extraction

directly from the black hole's spin [19].

Previous estimates of the mass of M87* ranged from ~ 3-7x10°M¢, depending
on measurement methods. From these images, the mass has been esfimated to
be (6.5+0.7) x 10°Me.

GRMHD models
SANE, a. = 0, Ruign = 10

SANE, a. = -0.94, Rygn = 80 MAD, a. = 0.94, Ryg, = 10

Brightness Temperature (10° K)

Simulated EHT observations

.u. b

Figure 3: Top: three example models of some best-fitting snapshots from the

Brightuess Temperature (10° K)

image library of simulations, each corresponding to different spin parameters
and accretion flows. Bottom: the same theorefical models, processed through

a simulafion pipeline with the same schedule, telescope characteristics and
weather parameters as on 11th April. Note that although they all fit the image
equally well, they each refer to radically different physical scenarios, highlighting
the fact that a single good fit doesn't imply that @ model is preferred over others.

Source: [12]

Figure 4: The polarized image of the M87 black hole shadow as observed on
11th April 2017 by the EHT (left panel). Right: an image from the EHT model

Library with @ MAD magnetic configuration (magnetially arrested disks; where
the magnetic fields are the dominant force regulating the accretion onto the

black hole). Source: source: [12]

Further analysis has been carried out: polarimetric analysis of these images,
which probe the magnetic field and help determine the rate of accretion into

M87's black hole.
3.2.6 SPACE-TIME NEAR A BLACK HOLE

General Relativity tells us about the curved spacetime near a black hole,
resulting in the distance between two points being very different from the same
situation in flat spacetime. Taking M87* as an example, a particle has to travel
much further to fall into the black hole (going from rISCO to rph) than expected
in flat spacetime [20]. The equation for the Relativistic length is:

M- a-Zey b ©6)

ro

And since we know that it must travel from rs¢, to 1, and that these are 6r, and

3r, respectively we integrate with these limits fo get:
Al = 4.14r, (7)

Comparing this fo the distance through flat space-time (rygco-rp = 3r,), @

photon must travel 1.1 x 10°m more in comparison to flat spacefime! [20] [21]

3.2.7 LOOKING TO THE FUTURE

Future analysis of EHT observations will delve into the magnetic field near Sgr
A* and in M87*, as well as investigating structural changes that may have
accompanied a flare that was seen in the X-ray emission on the final day of EHT
observations. Although the existing images of both black holes promise many
future discoveries, even more exciting projects are down the pipeline. More
detectors and recording bandwith had been added to the EHT since 2017,
greatly enhancing the capabilities of the planet-scale telescope. The first video

of hot gas circling a black hole may lie in our not-too-distant future! [13]

4 CONCLUDING REMARKS

The characteristics and formation processes of black holes are integral to our
understanding of the universe and, from dark stars to general relativity and

quantum physics, the journey to understand them has a long way to go.

The images of M87* released in 2019 helped us fo determine a black hole’s
mass, spin and orientation, providing a valuable test of how massive objects
bend spacetime. The EHT results for SgrA* and M87*, when paired with

gravitational wave measurements from colliding stellar-mass black holes,

o/
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validate Einstein's general theory of relativity over an impressive range of masses
and distances. [23], and, though the EHT's results give definitive answers fo

many questions about the black hole at the centre of our galaxy, many remain.

How do supermassive black holes create their particle jetse Do they hinder star
formation in the galaxies they inhabit, or spur it onward? Exactly how, and when,

did they form in the first place®

One thing that is clear, however, is that there has never been a better time in

human history fo observe the Universe - in all its beauty.
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