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The Queen of the Triple Helix Cambridge welcomes you to the twentieth anniversary edition of 
the Science in Society Review! 

I don’t have any empirical evidence to support the claim that anyone ever reads the Message from 
the President or the Letter from the EIC. I therefore strongly believe that if I was thus inclined, I 
could use this space to talk about research into female orgasms or just recount some funny stories 
from the last social of the Triple Helix Executive Committee, without enraged readers emailing 
the Literary Team asking them to restrain their president. 

Instead, I’ll let you know what exciting things we’ve got in this twentieth, anniversary edition 
of our wonderful journal – after all, they do say ‘better safe than sorry’, and for all I know, they 
might be right! 

This issue opens with an insight into the ethics of Active Denial, a pain ray being developed by 
the United States of America, probably as we speak (or not – they are in a different time zone after 
all). Alison Madgwick will try and clear up the mess that the public opinion on GMOs has been in 
because of the conflicting media coverage; Alessio Strano will show us what Leo Tolstoy has to do 
with eugenics, and Nathan Smith will consider bacteriophage therapy - the promising technique 
of killing little things with even littler things.

As you can see, it’s getting curiouser and curiouser with every issue, and you are very 
welcome to join our team of writers, editors, events organisers, magicians, advice-givers, well-
wishers and cake-bringers. The latter kind are particularly welcome – so drop an email to  
president@camtriplehelix.com to find out how you can get involved in the curiousest of Cambridge 
societies!  

Happy reading,
Emilija Emma 
Queen of the Triple Helix Cambridge

GET INVOLVED

... because at the bottom of 
everything that’s ever been 
made was once a kernel of 
an idea

The above image is the rough sketch of the idea which gave rise to the cover image of this issue, created by Emilija 
Emma and based on this image: http://www.flickr.com/photos/calliope/5963405779 under CC-BY 2.0 license.
I (Rok, a.k.a. the Prince Consort) would like to take this opportunity to point out that no royal titles assigned to members of the Triple Helix Cambridge Committee have been approved by any external party whatsoever and therefore  
may not be the appropriate form of address in official situations. I mean, the Queen doesn’t even have a crown or at least a tiara, so surely it can’t really be completely official - we at least need to have a coronation ceremony first......
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Message from the CEO

Message from the EEiC and CPO

One important mission of the Science and Society Review is to get our readers thinking critically
about the ethical impact of emergent technologies on public policy. There are a number of
organizations that do this, but our efforts are unique because we are an independent, student-
run publication. We offer an unbiased report on the topics that are the most interesting to us, the
young people of this generation. I imagine that years in the future, these articles will serve as a
valuable record of the youth perspective on great scientific debates of our time.

Even as the Triple Helix continues to grow and expand in new directions, the core of what we
do remains the same: creating an open forum for discussion and education. We must embrace
the path forward and expand our readership by broadening our reach. Let us harness the
power of social media to promote our original works so that more people can participate in the
conversation. We are doing well, but I know we can do even better.

It has been a privilege to serve with my dedicated team over the past eight months. Together,
we have laid the foundations for success to build on in the coming months. To our readers and
our Triple Helix Members, I thank you for your continued support and participation. To our
graduating alumni, I look forward to hearing of the accomplishments of our TTH family. Please
keep in touch so that we may celebrate your successes with you! Finally, I want to thank each of
you for a wonderful term.

With best wishes,
Mridula

Welcome to the flagship forum for The Triple Helix organization: the Science in Society Review, a journal 
produced entirely by a network of undergraduate students spread across the world. We dare you to read 
on and see what the next generation of thinkers and leaders has identified as the most important issues 
that require interdisciplinary solutions.
We want to remind you that part of what makes our product worthy of the time and effort of dedicated 
undergraduate TTH members, and worthy of the attention of its readers, is the thoughts behind the words. 
Consider one of this issue’s international articles: light pollution has usually been only pointed out by 
astronomers looking for dark skies, but Michael Yanagisawa from Brown University points out that city 
lights don’t only make nice scenery for overnight flights and a nightmare for the astronomers (as well 
as a memorable Charlie Chaplin movie) - they might be ruining all our lives, as well as those of animals.  
Suddenly the matter is relevant for a much broader range of people than one might have initially expected.
As the Executive Editor-in-Chief for the past two years, I especially want to thank our TTH members and 
long time readers for working with me and enjoying the past four issues of the Science in Society Review. 
It has been a rewarding experience, and I am happy to say that this journal will remain in good hands 
next year when Harrison Specht will take the reigns. Harrison, a rising senior at Cornell, has been a Senior 
Literary Editor for various chapters over the past two years. He will continue to help this journal uncover 
the fascinating intersection of science, society, and law.

Cassie Yeh and Dhruba Banerjee
Chief Production Officer and Executive Editor-in-Chief



THE TRIPLE HELIX Michaelmas 2013

PERSPECTIVES

4 © 2013, The Triple Helix, Inc.  All rights reserved.

PERSPECTIVES CAMBRIDGE

SCIENCE IN SOCIETY REVIEW | COMMENT

Active Denial: The Future of 
Non-Lethal Weaponry?
Toby McMaster

The military field is full of situations in which the lines 
between civilians and terrorists are unclear. This can 
have terrible consequences, such as this year’s shooting 

of two young Afghan boys by NATO forces [1]. The U.S. 
military has therefore been developing a vehicle mounted 
non-lethal weapon designed to inflict severe instantaneous 
pain, disappearing instantaneously upon removal. The system, 
known as Active Denial, uses low frequency microwaves 
to penetrate and heat only the very outer layer of skin. It is 
designed to leave no permanent damage or signs of use [2]. 
A journalist exposed to the weapon described it as “similar 
to a blast from a very hot oven” [3].

However the lack of an ability to detect the weapon’s use 
has been a major issue in its uptake by military personnel. 
The potential for undetectable torture using the device, was 
likely a big factor in the decision by the U.S. military to 
withdraw the weapon from Afghanistan [4]. The weapon 
has never been deployed in Iraq, despite requests from some 
military personnel on the ground there [5].

Many military technologies eventually find their way into 
the hands of police forces and so it is also worth discussing 
the ethical implications of any future handheld version of 
the device. Could such a firearm eradicate the oxymoron 
of ‘death by non-lethal weapon’? According to Amnesty 
International, in the U.S. over 500 people have been killed 
since 2001 by Tasers used by police officers, a death rate of 
around 50 people a year, roughly one individual a week [6]. 

It is hard to establish a Taser as the sole cause of death 
as individuals are often intoxicated with drugs at the time. 
However, Tasers were officially recorded as cause of death or 
contributing to death in at least 50 of the 500 cases quoted by 
Amnesty International. There are also, though less frequently, 
deaths caused by rubber bullets another supposedly non-
lethal weapon [7]. 

Potentially then, a handheld Active Denial system 
could help eliminate these. However most deaths inflicted 
by non-lethal weapons arise because of misuse. In the case 
of rubber bullets this was described as “abuse … in terms 
of range of fire and anatomical area … targeted” [7]. 

The Active Denial system, as with any other ‘non-lethal’ 
weapon would be susceptible to the same human misuse. 
However the independent assessment of the active denial 
system conducted in 2008 by the Human Effects Advisory 
Panel (HEAP) concluded that “Researchers… have found a 

wide safety margin between the desired repel response and 
injuries” [8]. Therefore even if individuals were to use the 
system recklessly, the likelihood of death or serious injury 
would be lower than with a Taser or many other non-lethal 
weapons currently available.

Active Denial’s impact on society will depend greatly 
on how it is used. Naivete and poor judgement could 
quickly transform the system into yet another symbol of 
Western oppression. In this age of social media and digital 
communications news of misuse would quickly enter the public 
sphere. Potentially sparking a massive international reaction 
against the U.S. army could arise, providing propaganda 
material for extremist groups worldwide. However, used 
with caution and respect for human rights, whilst being 
carefully monitored, the system has the potential to save 
many lives each year.

Does this justify the risk of releasing a potential torture 
device likely able to cause severe psychological damage 
whilst leaving no physical evidence?

There is no simple answer, but I believe that with the 
situation as it currently stands Active Denial is not a system 
likely to bring net benefits. The undeniable tragedy of death 
by non-lethal weapons doesn’t justify releasing a weapon that 
could potentially be used for undetectable torture. Methods of 
torture, such as sexual or verbal abuses and forced standing 
positions, may not leave much physical evidence. However, 
I believe Active Denial has the potential to add a much 
more powerful option to this horrific arsenal. Whatever our 
personal opinions, we – the general public – must make them 
heard, whilst there is still a decision to be made.

Research on the system should not stop. Other nations 
and organisations will eventually develop similar systems 
and understanding their effects will be valuable. Furthermore, 
if a method was developed so that the system’s use and 
its abuse could be detected, it could be a valuable tool in 
reducing death rates. 

However for now this futuristic weapon should remain 
just that; a weapon for the future.  

Toby McMaster is a second year Biological Natural Sciences 
student at Jesus College.

1. NATO Accidentally Shoots 2 Afghan Boys, Says Latest Civilian Deaths Were Due 
To Mistaken Identity [Internet]. Huffington Post; 2013 Mar 2 [cited 2013 Sep 11]. 
Available from: http://www.huffingtonpost.com/2013/03/02/nato-accidentally-shoots-
afghan-boys_n_2796184.html
2. Hambling, D. Pain ray: The US military’s new agony beam weapon. NewScientist; 
2013 May 16 [cited 2013 Sep 11]. Available from: 
http://www.newscientist.com/article/mg21829162.300-pain-ray-the-us-militarys-new-
agony-beam-weapon.html
3. US military unveils heat-ray gun [Internet]. BBC News; 2007 Jan 25 [cited 2013 Sep 
11]. Available from: http://news.bbc.co.uk/1/hi/world/americas/6297149.stm
4. Cairns, D. US withdraws ‘heat ray’ gun from Afghanistan [Internet]. BBC Radio 
1 Newsbeat; 2010 Jul 27 [cited 2013 Sep 11]. Available from: http://www.bbc.co.uk/
newsbeat/10765863.
5. Weinberger, S. No Pain Ray Weapon for Iraq (Updated and Bumped) [Internet]. 
Wired.com; 2007 Aug 30 [cited 2013 Sep 11]. Available from: http://www.wired.com/
dangerroom/2007/08/no-pain-ray-for/
6. Amnesty International Urges Stricter Limits on Police Taser Use as U.S. Death 
Toll Reaches 500 [Internet]. Amnesty International USA; 2012 Feb 15 [cited 2013 
Sep 11]. Available from: http://www.amnestyusa.org/news/press-releases/amnesty-
international-urges-stricter-limits-on-police-taser-use-as-us-death-toll-reaches-500  
7. Death following rubber bullet wounds to the chest: case report. East Afr Med J. 
2005 Jul;82(7):382-4.
[8] Dr Kenny, J. M. et al. A Narrative Summary and Independent Assessment of the 
Active Denial System. PennState Applied Research Laboratory; 2008 Feb 11 [cited 
2013 Sep 11. Available from: http://jnlwp.defense.gov/pdf/heap.pdf
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Genetic Modification: Monster or Messiah?
Alison Madgwick

The world is in a food crisis. Although most Europeans 
and North Americans have sufficient food, one in 
seven people globally suffer from malnutrition (1). In 

2050 the population will reach over nine billion and to feed 
these extra people adequately, as well as alleviate the hunger 
of those who are starving today, current crop productivity 
must increase by a daunting 70% (2).

 Much of the farmland used for crops is unsustainable 
for the monocultures, fields of a single crop species, which 
they support, and there is little suitable land available on earth 
to create new fields (3). Land degradation has been caused 
by soil erosion, leaching of nutrients and soil salinization of 
irrigated fields. Climate change causes further problems, as 
unpredictable weather can damage crops which are planted 
and harvested according to historic weather patterns (4). 
Feeding the growing population is going to be difficult, 
but even more so given the resistance of many countries 
to new technologies that could help substantially, such as 
genetically modified plants.
 Genetic modification (GM) is the direct and deliberate 
alteration, insertion or deletion of genes in an organism 
using biotechnology. Many genetic modifications are possible 
in plants which give advantages over unmodified forms, 
such as disease resistance, drought tolerance or improved 
nutritional value for humans. Genes for these traits are often 
obtained from a close relative of the plant to be modified, 
but can also be obtained from completely different plant 
species, as well as from organisms in other kingdoms of 
life, such as fish or bacteria.
 The most common way in which plants are genetically 
modified takes advantage of Agrobacterium tumefaciens, a 
bacterium which, in the wild, causes tumours on many plant 
species. It carries plasmids that contain genes necessary for 
infecting the plant (virulence or vir genes), and DNA for 
insertion into the plant genome (transferred- or T-DNA) (5). 
This natural system for the insertion of foreign DNA has 
been exploited by humans to introduce genes into many 
crop plants (6). Plants such as rice, wheat and maize are 
difficult to transform using Agrobacterium, but can take up 
foreign DNA through other techniques such as microinjection, 
electroporation, and particle bombardment (7).
 One of the main objections to GM is that the mixing 
of genes from different species is unnatural. This concern is 
weakened, however, by the fact that cisgenesis, the movement 
of genes between closely related species, occurs naturally 
between plants. When two animal species are crossed the 

offspring produced, if any are produced at all, are usually 
infertile and poorly suited to their environment (8). For 
plants, however, hybridisation is something which occurs 
naturally and is indeed important in maintaining genetic 
variation within some species (9).
 Given that plants often transfer genetic information 
between species completely naturally, what geneticists are 
doing is not all that “unnatural”. Indeed, humans have been 
breeding plants such as bread wheat for millennia to give 
them better characteristics for growth or consumption (10). 
Artificially adding or removing genes just speeds up the 
process of domestication that has occurred since humans 
first started farming. In fact, far from being a dangerous 
process, GM is safer and more precise than conventional 
plant breeding by hybridisation or mutagenesis, which uses 
chemicals or radiation to randomly alter any part of the 
genome.
 Inserting genes from more distantly-related species, 
transgenesis, occurs less frequently in nature than cisgenesis 
and so might be viewed as more dangerous. However, it 
too is a natural process, one carried out by viruses all the 
time. Viruses cannot exist independently and require a 
host, whose cellular machinery they use to replicate their 
own genetic material and to synthesise their protein coats. 
During the process of infection of the host cell and replication 
of themselves, they often take up small parts of the host’s 
genetic code into their own genome and pass this DNA on 
to the next host organism that they infect (11). The most 
common vectors for virus transferral between plants are 
small insects which feed on sap, such as aphids, whiteflies 
and leafhoppers (12).

Crop plants such as maize take up foreign DNA through techniques such as 
microinjection, electroporation and particle bombardment. Image reproduced 
from [21]

Genetic modification is the 
direct and deliberate alteration, 

insertion or deletion of genes in an 
organism using biotechnology 
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 Many oppose GM on ecological grounds, thinking that 
it will have negative impacts on the environment. However, 
though the GM plants we produce are not naturally occurring, 
they can confer advantages over the crops we currently 
grow in terms of ecosystem services. Land conversion for 
farming is a great source of greenhouse gasses and habitat 
loss, so crops that can be grown more efficiently on smaller 
areas of land, as many GM crops can be, are ecologically and 
economically advantageous. Plants modified to be drought-
tolerant reduce use of water for irrigation, benefitting the 

people living in areas of water shortage and the often fragile 
ecosystems which this water supports.
 Plants modified to metabolise nitrogen more efficiently, 
or have longer roots in order to obtain more nitrogen from 
the soil could massively reduce the application of fertilisers. 
This could decrease the economic inputs required and thus 
suit poorer farmers, as well as benefitting the environment, 
as nitrogen leaching from soils into rivers and their resulting 
stagnation is a source of biodiversity loss in freshwater 
ecosystems (13). As well as less fertiliser, fewer pesticides 
and fungicides are needed by many GM plants which have 
been modified to be resistant to pests and diseases.
 Another reason that people are opposed to genetic 
modification is that supplies of GM plant varieties are often 
monopolised by large companies which can out-compete 
smaller independent ones. This is worrying, but is no reason 
to be against GM per se, only against its monopolisation by 
these companies. Many people are under the false impression 
that second-generation genetically modified plants are 
sterile, a deliberate modification put in by seed-suppliers 
to ensure that farmers must return for more seed, rather than 
being able to save seed from year to year. In fact, although 
“terminator technology” has been developed, it has never 
been commercialised, due to these very concerns (14). Hybrid 

plants, however, which have been bred traditionally for 
centuries and are considered acceptable by those who dislike 
GM, show undesirable variation when crossed, due to the 
random segregation of genes, and so can prevent farmers 
from saving quality seed.

 A further objection to breeding GM plants is that they 
could be unintentionally introduced into the wild, disrupting 
ecosystems. “Super plants” outcompeting wild species are 
in many most cases unlikely to occur, as genes that are 
advantageous in agricultural environments will often not 
particularly cause plants to prosper in the wild. Herbicide-
resistant crops, for example, are only at an advantage in the 
presence of herbicide. Plants which have been modified 
to be resistant to drought or pathogens, however, may be 
selected for in the wild, so this objection to GM could hold 
some weight (15).
 The way in which GM plants can indisputably have 
an effect on biodiversity is by genes that confer pesticidal 
properties on plants having a negative impact on non-target 
species. An example of this is that of the monarch butterfly, 
the larvae of which feed on milkweed, a species often found 
near corn fields. Corn transformed with genetic material from 
the bacterium Bacillus thuringiensis, known as Bt corn, is toxic 
to corn rootworm larvae and is used to control this pest. This 
GM corn is not problematic for the pest, which can survive 
on other plants, yet hybrid plants often express the Bt toxin 
in their pollen, which is transported large distances by the 
wind. This toxic pollen, when deposited on milkweed leaves 
can cause problems for populations of monarch butterfly, 
the larvae of which have been shown to eat less, grow more 
slowly and suffer higher mortality rates on milkweed plants 
dusted with Bt pollen than on undusted milkweed (16).
 It might be concluded that if GM plants can be toxic 
to insects, they can also impact human health. As each GM 
plant has different genes inserted, each is tested individually 
for effects on human health, as these could vary substantially. 
All genetically modified foods currently available on the 
international market are considered completely safe for 
humans. Also, no adverse effects on human health have 
been shown as a result of the consumption of GM foods 
by the populations of countries where they are freely sold 
(17).

Aphilds (left), whiteflies (middle) and Leafhoppers (right) are common vectors for virus transferral between plants (12). Images reproduced from [22], [23], and [24]. 

As well as less fertiliser, 
fewer pesticides and 

fungicides are needed by 
many GM plants 
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 Indeed, foods are often genetically modified to 
be healthier than natural foods, an example being golden 
rice. This rice has been modified to contain β-carotene, a 
source of vitamin A, and was trialled on volunteer adults 
and children (18). Despite the fact that it was proved to 
be a valuable source of vitamin A and showed no adverse 
side effects, there was a public outcry led by Greenpeace 

at the research into the crop (19). They argued that the rice 
could be dangerous, but failed to mention the fact that it 
has the potential to cure millions of people from vitamin A 
deficiency-related blindness and death. As well as curing 
specific vitamin deficiencies, GM food plants have the 
potential to help alleviate the starvation of the 868 million 
people that go to bed hungry every night.
 By addition of genes that confer disease resistance, 

drought tolerance and greater nutritional value to plants, crops 
can be grown more efficiently, as well as being healthier to 
humans. More people can be fed with genetically modified 
crops than conventional crops using the same amount of 
land, giving us the potential to overcome the hunger rampant 
in the world today and take a step towards feeding the 
nine billion people of 2050. GM plants, rather than being 
the evil destroyer of humans and nature that many people 
make them out to be, could help us feed millions of people, 
as well as be the saviour of many species whose habitats 
would otherwise be destroyed to make way for inefficient 
non-GM farmland (20).
 Due in part to the false image of genetic modification 
propagated in the public eye, new GM crops must pass 
through miles of red tape before they are allowed to reach 
the market. This makes an already expensive technology even 
more costly, such that only incredibly large corporations can 
afford it, those which ideally would not have a monopoly 
over our food supply. The unfounded anxiety about GM 
food and distrust in scientists that the general public of most 
countries harbours has effectively prohibited a technology 
that has so many potential advantages. 
 There is no disputing that organisations do exploit 
GM for profit, but this is true of any market. Genetic 
modification itself is not evil and there are many people 
out there who are trying to develop plants that could save 
us from destroying ourselves and our environment. We 
must rid ourselves of the sad habit of dismissing anything 
that is not “natural” without reviewing the facts. It is true 
that we should proceed with caution, but ultimately we 
have a duty to the planet and the people living on it and if 
we do not consider genetic modification just because it is 
“unnatural”, then we are shooting ourselves in the foot.

Alison Madgwick is a third year at Sidney Sussex college.  She 
is reading Natural Sciences, specialising in Plant Sciences, and 
became interested in genetic modification through one of her second 
year Plant and Microbial Sciences modules. She decided to write 
about the technology and its implications to society both to provide 
scientific information and and to encourage the reader to reach 
an objective conclusion on this contentious issue.
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“Golden Rice”, a genetically modified strain of rice containing β-carotene, has 
the potential to cure millions from vitamin A deficiency related illnesses. Image 
reproduced from [25]. 

More people can be fed with 
genetically modified crops 

than conventional crops
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Lying in the shadow of family trees: family 
happiness or eugenic selection?

Alessio Strano

“Happy families are all alike; every unhappy family is 
unhappy in its own way”. 

Russian writer Leo Tolstoy used these as the opening 
words of Anna Karenina, a novel centred on the values 
of families and society in 19th century Russia. This 

proposition, later renamed Anna Karenina’s principle, can 
also lend itself to a biological interpretation: heritability of 
traits can make families unhappy in their own way by causing 
successive generations to be affected by a familial disease. 
This interpretation may have ceased to hold true due to 
advances made in the last two decades in preimplantation 
genetic diagnostics (PGD), a procedure that allows embryo 
selection based on genetic screening. However, as more and 
more genes are linked to human traits, ethical monitoring of 
PGD becomes an increasingly pressing task, for scientists, 
doctors, and society as a whole. 

Genetic disorders are rare, with some having been de-
scribed in only a handful of families (1). Monogenic genetic 
disorders are conditions associated with mutated forms of 
one gene which is passed to each new generation according 
to a Mendelian pattern of inheritance. Like heritable traits, 
genetic diseases are classified as dominant or recessive, 
autosomal or X-linked. A recessive trait is manifested only 

if both copies of a gene are mutated, whereas one mutated 
copy is sufficient to give rise to a dominant trait. X-linked 
disorders are caused by mutations in the X chromosome, 
whereas autosomal disorders are associated with mutations 
in non-sexual chromosomes. X-linked recessive disorders 
are more common in males, since they have only one X 
chromosome. 

Haemophilia is one such X-linked recessive condition. 
Famously present in Queen Victoria’s blood line (2), this 
disease is characterized by impaired blood clotting and results 
in a life-long predisposition for spontaneous haemorrhages. 
Prince Leopold, Victoria’s fourth son, often suffered from 
severe haemorrhages and died aged 31 after a fall (2). The 
pedigrees of Princesses Alice and Beatrice show that they 
also carried the disease-causing mutation, as evidenced by 
their sons and some of their grandsons suffering from the 
disease (2). Due to intermarrying between Royal Houses, the 
mutated gene spread to the royal families of Spain, Russia 
and Prussia and haemophilia came to be known as “the 
Royal disease” (2). Recently, the specific royal mutation was 
sought by analysing DNA from skeletal bone specimens of 
the Romanov family. It was discovered that the mutation 
occurred in F9, a gene coding for blood coagulation factor 
IX, and that therefore the royal disease was a severe form 
of haemophilia known as haemophilia B (3).

Reproduced from [13]Queen Victoria and members of the royal family. Image reproduced from [21]
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Several European noble families, including the Habsburg, 
Medici and Bourbons, are known to have been affected by 
another condition known as the Habsburg jaw (4,5). This 
condition is characterised by protrusion of the mandible, 

often associated with an overlap of lower and upper inci-
sors and a variety of other symptoms such as thickened 
lower lips and a prominent nose. These facial malformations 
can be observed in paintings of European royalty, which 
reveal an inheritance pattern consistent with an autosomal 
dominant trait with incomplete penetrance (4). However, the 
precise genetic determinant for this trait is not known and 
in most cases several genes are thought to contribute to its 
development (4). Indeed, susceptibility to most diseases is 
thought to be influenced by several genes, making associa-
tion between genes and disease more challenging than in 
monogenic disorders.

Through large-scale genome-wide association studies, 
it is possible to associate gene variants with an increased 
risk of developing a particular disease (6). Once these as-
sociations are made, sequencing the DNA of individuals 
with a family history of a particular disease can help as-

sess the likelihood that they will develop the same disease 
in a practice known as genetic counselling. Knowledge of 
predisposition to a disease can have a profound impact on 
an individual’s lifestyle and the choices he makes. A recent 
and much publicised example is that of Angelina Jolie’s 
decision to undergo preventive double mastectomy after 
discovering that she carried a mutated copy of BRCA1, a 
tumour-suppressor gene (7). Family studies have shown that 
women carrying a mutated copy of BRCA1 have an 85% risk 
of developing breast cancer and a 60% risk of developing 
ovarian cancer (8).  Having lost her mother to cancer, the 

Knowledge of predisposition 
to a disease can have a profound 

impact on an individual’s lifestyle 
and the choices he makes

Charles II of Spain showing a visible Habsburg’s jaw phenotype. Image 
reproduced from [23]

The royal pedigree tracing haemophilia. Image reproduced from [22]
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actress and film director decided she was going to 
minimise the chances that her children would have to go 
through the same experience (7).

Preventing one’s children from suffering requires care-
ful consideration when the children have not yet been born. 
When planning a family, parents with a history of heritable 
conditions traditionally faced an ethical dilemma arising from 
the knowledge that their children would inherit the same 
trait. However, modern biomedical science has developed 

ways to prevent a couple’s offspring from developing such 
conditions. Prenatal screening was for a long time the only 
option available, consisting of the detection of abnormali-
ties after several weeks of gestation and the possibility to 
terminate the pregnancy.  However, in 1990 Handyside et 
al. introduced a new method that would avoid the invasive 
diagnostic procedures and termination of pregnancy involved 
in prenatal screening (9). Preimplantation genetic diagnosis 
(PGD) is based on the genetic analysis of embryos fertilised 
in vitro before they are implanted in the uterus; healthy 
embryos that will not be affected by a heritable disease can 
thus be selected. A single cell is removed for genetic analysis 
from each fertilised egg once it has multiplied, usually at 
the eight cell stage. Alternatively, polar body biopsy before 
oocyte fecundation can be used in the case of maternally 
inherited diseases or in countries where the selection of 
embryos is forbidden (polar bodies are the “by-products” 
of meiosis during oocyte maturation) (9,10). The removed 
cell can then be analysed for the presence of a mutated gene 
or a chromosomal abnormality that affected the parent(s). 
This was traditionally performed by amplifying the mutated 
gene or by analysis of the number and integrity of specific 
chromosomes (with a technique called fluorescence in situ 
hybridisation or FISH). However, in recent years it has be-
come feasible to read every base of genomic DNA within 
the time frame imposed by PGD cycles. In July 2013, the first 
child who had his entire genome sequenced preimplanta-
tion was born (11).

This milestone birth is likely to heat up the ethical 
debate around PGD. Although IVF and manipulation of 
embryos are not controversy-free topics, it is selection that 
shapes family trees and this alone offers plenty of ethical 
dilemmas (12). PGD is based on the concept that one gene 
or trait is more desirable than another, and this seems al-
together acceptable when the gene in question causes a 
disease. The most common applications of PGD, such as 
avoiding haemophilia, sickle cell anaemia, cystic fibrosis or 
chromosomal aberrations are thus largely considered to be 
ethically justifiable in order to provide a better-quality life 
for a couple’s offspring (12). However, a robust definition 
of disease is still to be formulated. For instance, most hear-
ing individuals regard deafness as an obvious handicap 
whereas many in the deaf community do not see deafness 
as a disability but regard themselves as a linguistic and 
cultural minority (13). Coherently with this view, in 2002 a 
deaf lesbian couple from Maryland succeeded in having a 
deaf child by selecting a sperm donor with a heritable form 
of deafness (13). PGD can be used just as well to select for 
the presence of a trait that is commonly perceived as a dis-
ability, and in a 2006 survey on 190 American PGD clinics 3% 
reported having done so upon patients’ request (14). These 
episodes seem to call upon society to reassess the definition 
of disease and disability; in particular, it would be worth 
considering to what extent these definitions are influenced 
by deviation from a perceived normality and dependent 
on disadvantages created by the way society is organized 
to address the needs of ‘normal’ individuals. Moreover, 
genetic diversity is essential for selection and evolution to 
occur and even disease-associated traits can prove to be 
advantageous in particular environmental conditions. For 

PGD involves egg fertilisation by intracytoplasmic sperm injection (top panel), 
removal of a single cell after a number of cell divisions (middle panel, 8 cell 
stage embryo) and genetic analysis (middle panel, FISH for chromosomal 
rearrangement). Images reproduced from [24], [25], [26]. 
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instance, individuals who are homozygous for sickle cell 
anaemia or alpha thalassemia will develop severe blood 
disorders but heterozygous individuals, while experiencing 
minor symptoms, will be protected against infection by the 
malaria parasite (15,16). For this reason, the genetic muta-
tions associated with these disorders have been positively 
selected in areas where malaria was or still is a prominent 
cause of death, such as the Mediterranean region and large 
parts of Africa (15,16). 

In complex diseases there are many genes that contribute, 
sometimes very marginally, to an individual’s predisposition 
(6). PGD has already been employed to select embryos with 
low predisposition to cancer (17), but an ‘acceptable’ level 
of risk is a difficult concept to define. Predisposition is a 
continuous variable, so it is hard to separate what is ethically 
justifiable from what may not be; perhaps it is sufficient to 
consider this type of intervention increasingly less justifi-
able as lifestyle factors, rather than genetic ones, become 

increasingly important in determining the development of a 
disease. Furthermore, selection for non-medically-relevant 
traits is already in place in some countries. An embryo can 
be selected to be a compatible donor for an elder sibling 
in need of stem cell transplantation (a procedure known 
as HLA typing) and sex selection can be performed in the 
US even in absence of sex-linked diseases (14).  The latter 
application appears to be based on sexist attitudes but it has 
been argued that it may not be so in the case of a couple who 

already have children and would like to experience raising 
a child of the opposite sex, so that they would only have 
another child if this were of the selected sex (12). 

As the human genome is annotated, we start to under-
stand the function of more genes and could soon be able 
to select for or against a long list of traits. This has sparked 
concerns for the possible rise of ‘designer babies’. Would 
selection be ethically justifiable for genes associated with 
height, eye colour, intelligence or sexual orientation?  Some 
propose that couples should select the embryo or foetus 
most likely to have the best life, regardless of whether the 
advantageous trait is medical or not and even if this in-
creases social inequality (18). This scenario is reminiscent 
of eugenic selection programs such as those carried out 
in Nazi Germany or post-WWII Sweden, and generally in 
vogue in numerous countries during the 20th century (19, 
20). Crucially, the use of PGD differs from them in that 
selection is not enforced by the state but voluntarily sought 
by parents (18).  However, the underlying basis of selection 
(a trait being more desirable or advantageous than another) 
may in some cases still be traced back to cultural prejudices 
that are blind to human diversity. Hence, although PGD is 
undoubtedly a remarkable procedure allowing the eradica-
tion of hereditary diseases from family trees, in the future 
we should perhaps try to prove Tolstoy wrong and let all 
families be happy, but not all alike.

Alessio Strano is a fourth year Biochemist at Magdalene. When 
he was first taught about Mendel’s genetic experiments he was 
fascinated by the heritability of traits and tried to work out whether 
his sister had been adopted based on her eye colour; more recently, 
he was motivated to write this piece on family history after several 
of his relatives were diagnosed with cancer. The article reflects 
and draws upon his long-standing interests in human genetics 
and bioethics.
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Bacteriophages: A Historic Solution to a 
Modern Problem?

Nathan Smith

We are on the verge of a new era in antibiotic treat-
ment. Whilst the majority of bacterial infections 
still respond to some form of antibiotic treatment, 

a growing number of bacterial strains are no longer sensi-
tive to mainstream antibiotics due to the horizontal transfer 
of antibiotic-resistance genes. Some chemical alterations to 
existing antibiotics have been successful in extending their 
lifetime. Additionally, the development of beta-lactamase 
inhibitors (such as Clavulanic acid), which irreversibly bind 
to and inactivate antibiotic degrading enzymes, has resulted 
in prolonging the use of other antibiotics (1). However, it is 
still true that the rate of antibiotic discovery has declined 
rapidly since the heyday of the 1950’s, where one-half of the 
drugs frequently used today were discovered (2).
 To make matters worse, some companies have 
stopped investing in antibiotic research— though recently, 
the US government has provided financial incentives for 
GlaxoSmithKline to continue its research (3). There are some 
new drugs in development, such as Type IIA topoisomerase 
inhibitors (4), Heteroaromatic Polycycle Antibacterials (5), 
and anthracimycin (6). However, despite these novel targets 
and/or structures of these drugs, if and when released, they 
will be faced with the same pitfall as previous antibiotics— 
that somewhere a mutation will occur in the target of a 
previously susceptible bacterium, rendering it resistant or 
that resistance already exists somewhere within the global 
bacterial population. This resistance will be amplified through 
selective pressure via drug use and spread throughout the 
bacterial world. In short, more time will have been gained 
but humanity will eventually be back to square one. 

 Interest in future novel treatments seems to be diverg-
ing into two main (though not mutually exclusive) camps — 
those that favour antimicrobial peptides (AMPs), and those 
that favour bacteriophages. Antimicrobial peptides-— found 
throughout the natural world— are components of the innate 
immune system. Usually cationic in nature, they are believed 
to work by disrupting the bacterium’s membrane to gain 
entry into the cell before eliciting a variety of effects. Whilst 
they may seem promising, evidence of resistance is already 
being seen and its mechanisms characterised (such as the 
alteration of bacterial cell surface charge (7)) and so, at best, 
they represent merely a pause to the seemingly inevitable 
victory of pathogens against our chemical arsenal. 
 Bacteriophages (or phages) are the second area being 

explored. These are viruses that exclusively infect bacteria, 
and come in two main forms: virulent and temperate (al-
though there are always exceptions to the rule— such as the 
M13 bacteriophage). Virulent bacteriophages enter the lytic 
lifecycle, where they replicate inside a bacterium and cause 
the lysis of their host as a necessary part to complete their 
lifecycle. Temperate phages can either go through the lytic 
lifecycle or enter what is known as the lysogenic lifecycle 
by going into a state of dormancy within the cell and (usu-
ally) integrating themselves into the host chromosome (8). 
It is solely virulent phages that are used in bacteriophage 
therapy. 
 Far from being a recent discovery, bacteriophages 
have been known about and used clinically for nearly a 
century. Bacteriophages were independently discovered by 
Frederick Twort in 1915 and Felix d’Herelle in 1917, the latter 
of whom pioneered their use against infectious diseases. 
Human phage therapy began in earnest during 1919 and 
the next two decades where somewhat of a golden era for 
the treatment (9), even though the nature of bacteriophages 
was not conclusively determined until 1940 (10-11). Many of 

A major problem with phage 
therapy is that much of the 

literature is out of reach of the 
western world.

Bacteriophage infecting a bacterial cell. Image reproduced from [24]
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those involved in production lacked experience or did not 
enforce strict biological controls, and it was not uncommon 
for preparations to have little to no activity (12). This irre-
vocably damaged the practice and the view of the therapy 
even to this day. Prompted by this, d’Herelle opened his 
own laboratory, providing commercial preparations of phage 
and advising others on how to prepare phage (9). Despite 
the efforts of d’Herelle and others, the practice largely fell 
into disrepute in the western world (with the exception of 
France), in part due to two damming reviews by the Journal 
of the American Medical Association (JAMA) in 1934 (13-15) 
and 1941 (16-17)and also due to the appearance of penicillin 
and other chemical antibiotics. 
 A major problem with phage therapy is that much 
of the literature is out of reach of the western world. This is 
principally for two reasons, the first of which is the language 
barrier. With much of the research being carried out in France, 
Russia, Georgia, and Poland, publications were rarely written 
in English and their translation has been a slow process (9). 

Also, as much of the research into phages was considered to 
have military application (i.e. treatment of soldiers); many 
of the findings were only privately distributed. The second 
issue is that much of the previous research fails to meet the 
standards of modern medical trials. As a result, many will 
be inclined to treat the evidence gained as invalid. This is 
because phages were often used where chemotherapeutic 
agents failed to work and were often considered the standard 
of care, resulting in blind or double blind trials being a rar-
ity.though results tended to show bacteriophage therapy 
as equally if not more effective than traditional antibiotics 

when they did occur (8-9). 
 One obstacle that may hinder phage therapy being 
introduced in the UK is the opposition to “living” biological 
compounds being used in treatment and through a fear that, 
as bacteriophages are viruses, they may cause infection. 
However, viruses are already being used in other thera-
pies within medicine. An example is their use as vectors in 
gene transfer in treating cystic fibrosis (18). In any case, as 
bacteriophages (by definition) are capable only of infect-
ing bacteria (which differ markedly in structure from any 
form of human cell), any fear of a direct infection is entirely 
misplaced. 
 On the other hand, public anxiety of using bacterio-
phages medically does have some scientific grounding. Phages 
in the lysogenic lifecycle may integrate into the chromosome 
of its host bacterium and confer new properties to the host 
(now termed a lysogen (19)). This is by no means a small 
matter— diphtheria (20), cholera (21), and botulism (22) are 
all diseases caused by phage-infected bacteria. One could 
imagine the consequences if a new virulent bacterial strain 
were to be produced through inappropriate phage therapy. 
However, temperate phages are not used therapeutically, and 
so, this potential issue would not be clinically relevant. This 
being stated, virulent phages are not entirely without risk. 
Due to the inaccurate loading of phage DNA, it is possible 
for small fragments of host DNA to enter a phage particle 
and be transferred to a new cell. Whilst the DNA is usually 
destroyed upon entering the new host, there is a chance that 
it may be integrated into the host. This is called generalised 
gene transduction, and while there exists a near negligible 
chance of transferring genes for toxicity or antibacterial 
resistance, care should still be taken to only use virulent 
phages incapable of general transduction. Another issue 
is that bacteriophages, though inherently non-toxic, have 
the ability to elicit an immune response (8, 19). This may 
lead to phage inefficacy in a patient upon multiple uses, 
especially if used intravenously. Local (topical) application 
largely circumvents this issue.

 So what are the benefits of phages? First of all, 
there are a plethora of varieties—and they can be found 
nearly anywhere that their bacterial hosts are found. Indeed, 
d’Herelle used to isolate phages from stools and sewage. 
This is beneficial because the major problem with bacteria 
is their adaptability, and whilst resistance to phage occurs, 
it is known that the phages—being dynamic in nature— 
would also be able to adapt. They also have high specificity, 
meaning that disruption to normal flora during treatment 
is minimised; this in turn makes the risk of subsequent in-
fections by opportunistic pathogens, such as Clostridium 
difficile, significantly lower.  It also reduces the increase in 
resistance, as one species of phage affects at most several 
closely related genera of bacteria, and can have specificity up 
to being able to differentiate between two different strains 

Diagram of the phage lyctic cycle. Image reproduced from [26]. 

Clavulanic acid, a beta-lactamase type antibiotic. Image reproduced from [25] 
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of the same species. Finally, phages are inherently replica-
tive and as such they will increase in number at the site(s) 
of infection— effectively becoming self-dosing. This is in 
contrast to traditional antibiotics and AMPs that will never 
exceed the concentration administered and that will diffuse 
to all areas possible regardless of location of infection.
 Phage therapy has the potential to could be a strong 
candidate for a legitimate alternative to antibiotics. Whilst 
a lack of production quality, particularly in the early years, 
damaged the treatment’s reputation— when properly prepared, 
it has shown remarkable effects. Whilst new antibacterials 
and antimicrobial peptides are only now reaching human 
testing, phage therapy has a long history of human trials 
(totalling at just under one hundred years). Treatment at 
current is a combination of general cocktails containing a 
variety of phage aimed at treating certain bacteria or condi-
tions, such as the product “Intestiphage” that is designed 
to target 20 different pathogenic gastrointestinal bacteria 
(9), with specifically produced phage to tackle the more 
resilient bacteria. In a world where methicillin-resistant 
Staphylococcus aureus (MRSA) and other multi-resistant 
bacteria are increasing in occurrence, bacteriophages provide 
an attractive and well tested solution. Care must be taken 
to not overstate the effects of the therapy, and the mistakes 
of the past must be learned from, but bacteriophages may 
help us turn the tide in our losing war against infection. 

Nathan Smith is a second year natural scientist at Churchill. He 
has a slightly disproportionate passion for all things antimicrobial 
and wrote this piece in order to share his love of the scientifically 
and historically interesting bacteriophages.
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Bright Lights: Are they killing us?
Michael Yanagisawa

Some view the light emanating from a big city as a magical 
aura, the glow and buzz of a thriving metropolis. But 
anyone who has ever seen a pitch-black sky bespeckled 

with thousands of glimmering gems knows it by another 
name: light pollution.

 Pollution seems like a strong word for our everyday 
lighting habits. We tend to think of pollution as trash suffocating 
marine life, debris collecting on highway shoulders, car horns 
piercing a symphony of birds, chemicals spilling into a local 
river, etc. – light does not seem to fit in.  It is the least tangible 
of the pollutions, impossible to touch or see. In recent human 
memory, light has been a fundamental part of life; to think 
that something as basic as light could constitute pollution 
is hard to believe. Before electricity, candles illuminated 
cities; now, neon signs and streetlights burn throughout the 
night. The mushy orange night sky is one that is natural to 
modern man, but not to nature. Never before has daylight 
shone all night long. 

 Only in the past decades have scientists begun to 
measure the effects of light on the larger environment. Most 
studies agree that excessive artificial lighting poses a threat 
to animal habitats and health, but such harmful effects may 
also extend into human health. While these studies are not 
yet widely accepted, the possibility of artificial light harming 
us is particularly frightening – a popular, trusted technology 
with ulterior motives. Should we fear persistent illumination, 
or simply accept it as a cost of modernity?  

A BRIEF HISTORY OF LIGHTING
 Before the dawn of electric lighting, there were two 
sources of light: the sun and fire. Once the sun went down, 
people for the most part remained enveloped in darkness, 
prompting a desire for convenient lighting. The Industrial 
Revolution ushered gaslights into the public domain, albeit 
slowly; the simple lighting allowed the theater to hold evening 
performances and the Smithsonian to host evening lectures 
[1]. The true thirst for nighttime lighting would soon become 
apparent.
 In 1879, Thomas Edison lit up the first light bulb. 
While at first a novelty, the light bulb quickly became an 
imperative, a part of America’s vision of the future [1]. As 
cities competed to light their streets, the need for lighting 
became insatiable and electric companies responded with 
bigger and brighter lights. Soon enough, every community 
had its own “White Way,” a brightly-lit stretch of town. 
When the Great Depression struck, citizens refused to turn 
off their lights for fear of crime, despite the financial savings 
that would result [2]. Lighting had become a fundamental 
part of urban life, even more valuable than money itself.  
 The craze for artificial lighting continued to spread. 
Lights now illuminate empty parking lots, line driveways, 
and illuminate storefronts, amongst infinite other purposes. 
The end result: suburban towns feel like ghost towns without 
artificial lighting, and cities like Las Vegas and Hong Kong 
have become swirls of neon signs. When a street corner is 
hardly different by night than by day, when the light spills 
beyond its intended target, when whole cities can be seen 
from space, we have to wonder: are all these lights necessary? 
And, more importantly, are they hurting us?

THE IMPACT OF LIGHT ON ANIMALS
 The most obvious harm of lit-up cities is the loss of 
stars. Country dwellers lament that the city lights drown 
them out; the twinkles in a black sky becomes imperceptible 

Image reproduced from [21]
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in the fog of light. Scientists call this astronomical light 
pollution. In effect, the stars are a luxury that city inhabitants 
can no longer afford.
 However, the unintended side effects of artificially-
lit night skies may be larger than we think. There is another 
form of light pollution – ecological – that scientists have 
identified. The damage that light causes makes intuitive 
sense. Anyone who has experienced a warm midsummer 
night in New England knows that the lights inevitably attract 
moths, beetles, mosquitoes etc. These insects then attract 
their predators; a patio lamp becomes a new environmental 
microcosm. Without patio lights, these micro-environments 
would never form; a small amount artificial lighting, it seems, 
can create a slightly altered local ecology. It is not hard to 
imagine that the compounded effects of global nighttime 
lighting may amount to larger problems. Indeed, a review 
of the current research suggests that the excessive light 
causes a countless species of animals to fall victim not only 
to problems such as confusion and disorientation [3].
 The studied effects of ecological light pollution may 
in fact be fatal. Some birds crash into brightly lit buildings, 
and others circle searchlights until they die of exhaustion, 
showing the disorientation that city lights may cause [4]. 
Lighting along beachfronts has also devastated the already 
endangered sea turtle. Some turtles cannot find a suitably 
dark beach on which to lay their eggs; many of the hatchlings, 
attracted to the light, never make it back to sea [6]. The sea 
turtles’ confusion and deaths are well-known consequences 
of light pollution. In another study, the túngara frog’s mating 
patterns were studied in dim and dark conditions.  The results 
showed that the female frogs became less selective about their 
mate choices in artificially-lit conditions, presumably to hasten 
the dangerous act of mating [7]. In short, our unnaturally-
lit nights have a sizeable if subtle effect on other animals 
around us [3]. 

 The effects of light pollution on a single species 
may even cascade into effects on a local ecology. Aquatic 
invertebrates, such as zooplankton, rise to the ocean surface 
in dark conditions to avoid predation [8]. Thus unnatural 
lighting – from oil rigs, fishing boats, etc. – throws off the 
natural flow of zooplankton, disrupting not just the single 
species but all that depend on it. For example, zooplankton feed 
on algae, so with excessive artificial light, algae populations 
can grow exponentially [9]. Thus the effects of light pollution 
may have effects not only on single species, but on a larger 
environment. This domino effect makes the full scope of 
light pollution harder to study. 

THE HIDDEN HUMAN COST
 Artificial lighting is a distinctly human invention 
created for our betterment, but recent research has begun 
to suggest a possible detrimental side effect of excessive 
light. After all, we surround ourselves in light: one study 
estimates that only 40% of Americans live where it gets 

sufficiently dark at night for the human eye to completely 
transition from cone to rod vision, and that 18.7% of the 
world’s land is polluted by astronomical standards [10].  
These findings suggest that light pollution  is both global 
and omnipresent. While the research is not yet conclusive, 
it points to a hidden human cost of light pollution. The light 
that is hurting our environments and animals may harm us 
humans, too. 
 This is not to say that light pollution is the sole 
cause of human illnesses. Rather, controlled laboratory 
studies have shown that exposure to light can cause health 
problems. For example, exposure to light is thought to disrupt 
circadian rhythms, which control the human sleep cycle. 
This disruption may then affect the balance of hormones 
in our body, accelerating tumor growth [11]. Artificial light 
inhibits the production of melatonin, a hormone that is known 
to regulate the sleep cycle. A recent study has also linked 
melatonin and the organ that produces it, the pineal gland, 
with cancer-suppressing properties; it posits that one large 
factor in the recent epidemic of cancer is excessive lighting 
[12]. Thus, light pollution  disrupts the human sleep cycle, 
which contributes to more serious health concerns [13]. 
Some studies have explicitly linked nighttime illumination, 
both intentional and occupational, with various cancers. One 
group reported a 35% increase in risk of colorectal cancer 
for nurses who worked night shifts at least three times a 
month for 15 years or more [14]. In a similar study, there 
was a slight increase in risk of breast cancer for nurses with 
20 or more years of night shift work [15].  Some researchers 
even suggest that the coinciding increases in cancer and 
light pollution are no accident, that these two phenomenon 
are somehow intertwined [13,16]. The research continues 
to unearth new connections, linking light pollution with 
other health problems such as depression, insomnia, and 
cardiovascular disease. 
Important to note, though, is that the conclusions reached 
by such studies are not yet widely accepted.  Nevertheless, 
new studies continue to point to the potential harm of light 
pollution. For example, a 2006 study showed that infant 
mice exposed to constant artificial light could not establish 

Image reproduced from [22]
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a regular sleep cycle [17]. The present dearth of research 
should serve not as reassurance of the safety of light pollution, 
but as an imperative to do more. As we continue to piece 
together the growing body of research, we more clearly 
see a looming danger that we have the power to prevent. 

A SOLUTION?
The solution to light pollution involves balancing the hazardous 
effects of light and its necessary uses. This balance hinges on 
so many parties – politics, money, ecology, health, safety – 
that a solution seems unlikely. Yet the cost of light pollution 
in the U.S. alone is estimated at 7 billion dollars a year [18]. 
Thus environmental and health gains could be linked with 
financial savings – that is, more money – perhaps spurring 
sensible and immediate action.  In looking for a solution to 
light pollution, we must realize that there is no quick fix.  
Indeed, small changes can go a long way in diminishing 

the effects of light pollution. Such small adjustments will 
allow us to see the stars, help animals navigate, and may 
even help decrease the human cancer risk. 
One proposed solution is to use “smart” light sensors that 
decrease wasted light [19]. Office buildings waste energy 
and light when they are kept lit after hours.  Setting the 
lights to turn off when the office closes is a first step towards 
eliminating the glow-stick effect skyscrapers have on the 
nightscape. In the same vein, sensors can be used in low 

traffic areas so that streets illuminate only when in use.  
 Small changes in lighting design can mitigate light 
pollution.  Streetlight bulbs usually have a bulge hanging 
below the metal housing, allowing light to disperse in all 
directions, including upwards, sending wasted light into 
the night sky. If the bulge were eliminated, light could be 
directed to where it is needed. Many outdoor lights are also 
too powerful.  For example, 500-watt “Rottweiller lights” 
line gardens and houses where 100-watts would suffice [19]. 
By aligning designated use with intensity of light, we can 
select appropriate lighting, eliminating the excess light that 
accompanies poor design.
 The solution requires us to think about what we 
really need light for, and where it is used frivolously and 
carelessly. Excessive lighting is what spills over into the 
surrounding environment, encroaching on a diverse cross 
section of ecosystems, including ours. To this end, one dictum 
for proper lighting proclaims: “Use the ‘correct’ lighting 
level, not too little, not too much” [20]. Perhaps we have 
been erring on the side of too much.

Michael Yanagisawa is a graduating senior at Brown University 
concentrating in chemistry and biology. He is interested in almost 
anything science-related, or anything you can make sound interesting.
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Considering the Potential of Developing 
Environmental Remediation Technologies 

Elizabeth Perkins

In 2010, approximately 205.8 million gallons of gasoline 
were released into the Gulf of Mexico after the explosion 
of the Deepwater Horizon oil rig. Two decades earlier, 

the 1989 Exxon oil spill had been similarly devastating, due 
largely to its location in the Prince William Sound of Alaska. 
This rocky inlet provided a habitat for a diverse array of 
wildlife and made it difficult for our traditional technologies 
such as the skimmer, designed to skim oil from the surface 
of water, to remediate the sight efficiently. (1) 

 For decades, most wastes, from disposed foods 
to industrial factory metals, have been sent to landfills. 
Today, landfills tower all over the world and grow in 
size and number along with the global population.  The 
biggest one in the US sits in L.A. County, California and 
accumulated more than 12,000 tons of waste in 2007. These 

landfills, home to disposed industrial metals and petroleum 
hydrocarbons such as benzene (a known carcinogen), release 
gaseous emissions and leachate. Leachate is contaminated 
run-off from landfills that seeps into the ground and can 
contaminate the groundwater and public water supplies if 
not adequately prevented from doing so. The build up of 
trash in these landfills is too large to be controlled without 
the use of contemporary technologies. Not to mention that 
many of these landfills are old and thus not lined below or 
covered above to stop the movement of wastes, as is often 
done in landfills today.  Although emerging technologies are 
auspicious, more traditional methods of landfill management 
may become less capable of countering the growth in global 
waste and pollution. For example, despite the practiced and 
improving efforts of landfill management by many countries, 
people that live closer to landfills have higher instances 
of cancer. As landfills increase in number, an even greater 
number of people may become affected (2,3,4).
 While society is generally aware of these environmental 
concerns, it is difficult to determine to what extent society 
is currently both causing and countering these problems.  
While some of the most serious of our concerns about the 

The Golf of Mexico oil spill. Image reproduced from [26]
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environment may not manifest for a few more decades, 
some of the consequences of inaction now will become 
harder to ignore in the approaching future. However, the 
burden of proof slows the advancements of technologies 
designed for this purpose, as many hesitate in face of the 
possibly unknowable long-term effects of many modern 
environmental remediation technologies. The development 
of environmental remediation technologies and research 
endeavors, many of which indicate potential environmental 
benefits, are encumbered by a lack of money, resources, 
political attention, and expertise, as well as slow moving 
policy procedures. This stagnancy is also propagated by 
disinterest, distractedness and skepticism (e.g. the percent of 
Americans that deny global warming has actually increased 
within the past few years) (5,6).
 The U.S.  Environmental Protection Agency has 
general criteria for approving the use of environmental 

remediation technologies. These include above all: the 
efficiency, cost effectiveness, and the risk to the handlers 
and communities associated with their use (7). However, in 
cases that require an immediate response such as oil spills, 
modern technologies are much more likely to be approved 
for use due to the acute threat that arises with accidents 
like these. Provable technologies are more regularly used 
for on-going environmental maintenance, such as waste 
management and soil de-contamination.  

 One commonly practiced remediation method is 
composting, a timeless staple of waste management, now 
practiced by many individuals and families. Composting is a 
biotechnology: a technology that involves biological processes. 
Recently, bioremediation technologies (biotechnology designed 
for environmental remediation purposes) have advanced due 
to increased emphasis on environmental sciences, and an 
increased understanding of biological variety and function. 
Industrial environmental technologies in particular, require 
the collaboration of different disciplines, due to the complexity 
of the environment and its intimacy with society. Hence, 
increased research in other fields such as genetics, biology 
and engineering has supplemented the advancement of 
bioremediation technologies. (5)
 Within the past few decades, bioremediation has 
been of increasing interest to scientists and environmental 
efforts due in part to its successful and important role in 
environmental remediation efforts after the BP and Exxon Oil 
Spills. Bioremediation is grounded in the naturally occurring 
process of biodegradation. Biodegradation refers to the process 
by which microorganisms (such as bacteria) break down or 
consume a substance. In many cases, bioremediation takes 
advantage of pre-existing microorganisms that have naturally 
evolved in the environment. In the type of composting done 
by many people, food wastes are covered in soil and dried 
leaves to be broken down by microorganisms inhabiting the 
soil. Individual composting reduces leachate and methane gas 
emissions from landfills, by reducing the amount of organic 
wastes that are sent to landfills. (8) But when it comes to 
waste management, certain organic and inorganic wastes 
(such as metals, plastics, laboratory chemicals, etc.) pose a 
greater challenge to biodegradation. These types of wastes 
may eventually biodegrade as well, but at an extremely slow 
rate (depending on the material, it may take hundreds or 
thousands of years). More recently however, bioremediation 
science has been successful in hastening this process under 
certain conditions (9).
 There are numerous bioremediation technologies, 
many of them recently developed: from simple techniques 
such as composting and tree planting, to the engineering of 
genetically modified microbes designed to exploit certain 
metabolic functions. Bioremediation has typically involved 

Panellus stipticus, a species of fungi capable of breaking down toxic 
polyphenols. Image reproduced from [27]
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the use of microorganisms (such as bacteria) in waste 
management or remediation of contaminated environments. 
Bioremediation efforts have generally been more successful 
at harnessing the metabolic abilities of indigenous microbes 
(vs. genetically engineered microbes). (5) The reduction of 
waste by the organism occurs in varying and specific ways. 
In a process called catabolism, the microbe does not benefit 
from metabolizing the waste. The microorganism produces 
enzymes as metabolites (substances involved in metabolism) 
or bi-products, which in turn catalyze the decomposition 
or re-arrangement of pollutant molecules into less harmful 
or more easily managed molecules or compounds. On the 
other hand, sometimes the waste provides metabolic energy 
to the active microbe. This is the case with composting, in 
which both micro and macro organisms (such as worms) 
obtain nutrients such as carbon and nitrogen from organic 
food wastes. The organisms use the nutrients for energy, to 
build proteins and fuel metabolic processes. (10) Depending 
on the type of microorganism and the environmental 
conditions, microorganisms are capable of breaking down 
many different types of waste materials. For instance, it was 
recently determined that certain types of bacteria and fungi 
can use mono-aromatic hydrocarbons (such as benzene) as 
a source of carbon. The extent to which manipulation by 
humans is required to make these outcomes possible varies 
and is specific to each particular circumstance (11,12). 
 Often, the initial recruitment of the microorganisms to 

the sight of contamination is not difficult. If the microorganisms 
are pre-existing in a contaminated environment, they may 
be attracted to the nutrients provided by the wastes. For this 
reason, many of these microorganisms are first discovered at 
the sight of contamination  (13). In a case like this, the task that 
remains for humans is to encourage these microorganisms to 
thrive. This is achieved by providing and maintaining specific 
environmental conditions, which encourages population 
growth and maximizes the metabolic processes of organisms, 
thus maximizing the speed and efficiency of waste reduction 

(14,15). In the Exxon oil spill for example, workers added a 
dispersant to the oiled water in order to increase the available 
surface area for biodegradation, as well as a fertilizer to 
attract and nourish native microorganisms (1).
 Bioremediation technologies have advanced far 
beyond just the simple methods used in the Exxon oil spill. 
For example, research revealing the potential of microbial 
fuel cells is significant due to the ability of this remediation 
method to both reduce waste and function as an energy 
source.  Microbial fuel cells are devices that can generate 
electricity from the anaerobic degradation of organic 
wastes. As the microorganism generates CO2, protons 
and electrons through metabolic activity, a microbial fuel 
cell can convert protons and electrons from chemical into 
electrical energy. (18) In addition to treating contaminated 
sights, microorganisms can be used to detect pollution. For 
example, the fungus Thelephora caryophella can accumulate 
arsenic in its membranes. By measuring arsenic levels of 
this fungus, arsenic in the environment can be determined 
(19). Besides being efficient and promising, compared to 
more traditionally used methods, bioremediation is often 
less invasive and thus poses fewer risks to handlers. (5)
 One task associated with bioremediation is determining 
the appropriate environmental conditions for the desired 
outcome, which are very specific to each microbe, and the 
amount and type of targeted waste. Many factors must be 
considered, such as pH level, temperature, availability of 
limiting nutrients and the moistness of the environment 
in which the remediation is occurring. Another challenge 
is to ensure that any intervention on our part (such as the 
addition of a fertilizer) is minimally risky to the environment 
or society (15,16,17). 
 Another important concern regarding bioremediation 
technologies is the release of metabolic byproducts by 
microorganisms that may be harmful to the environment 
or people in high concentrations or with long periods of 
exposure. Usually, scientists believe these bi-products to 
be minimally risky, and the biggest concern is about the 
release of methane by microorganisms. Moreover, research 
may allow us to increasingly identify and counter the risks 
associated with bioremediation while prospering from the 
benefits. For example, anaerobic degradation of organic 
wastes produces large amounts of methane in landfills. By 

a microbial fuel cell can 
convert protons and electrons from 

chemical into electrical energy 

Soil based microbial
fuel cell

Image reproduced from [29]
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drilling wells into the soil in order to expose it to oxygen, 
destroying anaerobic microbes and replacing them with 
native aerobic microorganisms, which eliminates methane 
and reduces leachate (20,21).
 The extent of the diversity of microorganisms in the 
soil is only starting to be appreciated. Scientist believe that 
one third of all living organisms inhabit the soil, although 
we have most likely only identified about one percent of 
existing microorganisms (22). A further exploration of the 
abundant variety of yet unidentified microorganisms is an 
incentive provided by the increasing amount of discoveries 
of microbes that can consume various problems wastes, and 
may continue to heighten the potential of bioremediation 
(19). There have been most recently, discoveries of different, 
previously unknown microbes that can reduce problem 
pollutants including radioactive waste and industrial metals 
(23,24,25).
 Despite all of the potential for success implied by 
bioremediation research, and the slow decrease in regulations 
restricting the use of microorganisms, bioremediation still lacks 
qualified labor, funds, and educational emphasis. All of this 
requires money, but given that the most of the engineering and 
labor involved in bioremediation is already done by nature, 
a lot of money could be saved in the long run by increasing 
reliance on bioremediation. Moreover, those in control of 

government spending might be more willing to spend on 
bioremediation technologies, if the market opportunities 
in bioremediation were considered. For example, in 2000 
Elsevier estimated that 1.5 billion of the predicted 30 billion 
dollars spent in Europe on soil remediation for the following 
year, could be saved if 10% of the soil was treated through 
bioremediation. This exceeds the estimated cost of 1 billion 
dollars spent in 2011 by the US on soil treatment. (5)
 In all likelihood, new environmental remediation 
technologies will be necessary in order to maintain both the 
health and safety of everyone, as well as the well-established 
comforts of consumerism and waste of modern societies. 
These technologies will also need to be minimally risky to 
the environment or society. With this in mind, society should 
encourage political and economic support of technologies 
that are both efficient and cost effective in the long run, even 
if that requires allocating more money for research now. 
Society should also support the development of high-potential 
environmental remediation technologies by promoting these 
areas of research in jobs, education, and political discussions. 

Elizabeth is a Junior at Brown studying Science and Society.



CMU

22 THE TRIPLE HELIX Michaelmas 2013 © 2013 The Triple Helix, Inc.  All rights reserved.

CMU

The Sense Fusion of Synesthesia
Terrell Jones

The composer Franz Liszt saw colors when musical 
notes were played. He was even known for instructing 
orchestra members to make the sound, “a little bluer, 

if you please,” or “not so rose.” What does it feel like to 
involuntarily see colors when you listen to music, associate 
tastes with words, or see numbers as having personalities? 
This is what people with synesthesia, a neurological condition 
present in roughly four percent of the population, experi-
ence. Synesthesia occurs when a stimulus in one sensory 
modality, such as vision, involuntarily generates a sensory 
experience in a distinct modality, such as hearing. There 
are many different types of synesthesia. The most common 
type is grapheme-color, where one involuntarily associates a 
particular letter with a particular color; for instance, the letter 
“q” might involuntarily and consistently appear a vibrant 
lime green. Other types are lexical-gustatory synesthesia, in 
which a word, such as, “knock” might involuntarily elicit a 
taste, such as that of Granny Smith apples. Ordinal-linguistic 
personification occurs when a synesthete involuntarily associ-
ates a personality, such as grumpy, with a number, month, 
letter, or day. These multi-modal sensory experiences can be 
creatively inspiring, causing many synesthetes to be drawn 

to the arts. 
 What causes synesthetic experiences to occur? 
Many neuroscientists believe that most neonates experience 
synesthesia, and they argue that it continues into childhood 
and adulthood if the excessive neural connections between 
cortical areas in the brain that exist during infancy are not 

eliminated. This suggests that an underlying neural framework 
for synesthesia exists in babies, but is typically modified 
during normal development. Functional MRI studies indicate 
that the limbic system, which mediates emotional responses, 
as well as brain areas that process sensory input, are active 

Example of a synesthetic number form. Reproduced from [6].

Synesthesia occurs when 
a stimulus in one sensory 

modality involuntarily 
generates a sensory experience 

in another
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during synesthetic experiences. By exploring neurological 

and cognitive studies about synesthesia, we can gain a better 
understanding of the roots of the condition, as well as some 
possible evolutionary advantages of synesthesia.
 Neurological and cognitive studies have linked 
synesthesia to neural connectivity. The neonatal synesthesia 
hypothesis states that babies that are newly born have 
synesthetic experiences [3]. The result of neonatal synesthesia 
is that neonates “‘mix sights sounds, feelings, and smells into 
a sensual bouillabaisse’ in which ‘sights have sounds, feelings 
have tastes,’ and smells can make a baby feel dizzy” [3]. This 
might either be because the neural pruning and inhibition 
that occurs in adults hasn’t occurred yet or because the 
limbic system is more mature that the cortex in neonates [3]. 
Ramachandran and Hubbard support the former hypothesis, 
arguing that synesthesia results from increased neuronal 
connectivity between brain areas devoted to different sensory 
modalities [1]. They assert that this increased connectivity 
is a result of decreased neural pruning, or elimination of 
synaptic connections between neurons, which is normally a 
process that occurs during fetal and postnatal development 
[1]. Data seems to support the pruning hypothesis; imaging 
studies of adult synesthetic brains have indicated greater 
white matter and greater gray matter volume, as well as 
increased connectivity between cortical areas compared to 
normal adult brains [1]. 
 Besides the neurological studies, there have been efforts 
to identify a genetic basis for synesthesia.  A whole-genome 
scan and linkage study performed by Asher et al. indicates that 
there is no single gene that can be attributed to synesthesia 
[2]. It is likely that the condition is inherited in a polygenic, 
heterogenous fashion, in which many genes are involved and 
there are multiple ways of inheriting the synesthesia trait 
[2]. The study indicates a linkage between synesthesia and 
a genetic locus associated with autism-spectrum disorders. 
In many cases, synesthesia is reported as a symptom of 
autism. Brain imaging studies of autistics indicate abnormally 

elevated levels of neural connectivity [2], as is the case with 
synesthetes. Candidate genes in this locus include the TBR1 
gene, which codes for a transcription factor that regulates 
the expression of genes such as RELN, which is involved in 
the development of the cortex [2]. The study also revealed a 
possible link between synesthesia candidate genes and genes 
associated with dyslexia, including KIAA0319 and DCDC2, 
which are implicated in neuronal migration [2]. Involvement 
of these genes in synesthesia seems plausible, since neural 
connectivity is modified in synesthetes and changes in neural 
migration might be involved in this modification. Another 
noteworthy synesthesia gene candidate is DPYSL3, which 
is implicated in axonal growth, guidance, and in neural 
differentiation [2]. This gene is primarily expressed in the 
late-fetal and early-postnatal brain and spinal cord, but not 
in the adult brain [2], which reflects the time course of neural 
pruning, and consequently appears to support the neonatal 
synesthesia hypothesis. 
 Many hypotheses exist for why synesthesia has been 
evolutionarily conserved [1]. The synesthesia genes may have 
been maintained because they provide an epiphenomenal 
advantage – an evolutionary advantage for an unrelated 
purpose [1]. It is also possible that synesthesia might exist as 
one of the extremes of a normal distribution of communication 
between the senses in humans [1]. Evidence for this hypothesis 
lies in the fact that hallucinogenic drugs can cause synesthetic 
experiences [1]. Individuals who are not synesthetes associate 
high auditory frequencies to light colors and low frequencies 
to dark colors and similar patterns have been observed with 
grapheme-color synesthesia [2]. This evidence seems to indicate 
that the underlying neural framework for synesthesia exists 
in the non-synesthetic human brain. 

 Ramachandran and Hubbard have suggested a 
hypothesis for the evolutionary advantage of synesthesia: 
synesthesia genes might confer the evolutionary advantage of 
creativity and metaphor [4]. The connection of synesthesia to 
creativity and metaphor seems intuitive because multi-modal 
sensory information allows one to describe experiences in 
unique ways, such as describing a Monday as sky blue. This 
might explain the increased incidence of synesthesia exists 
among artists [1]. Composer and pianist, Duke Ellington, 
associated color with timbre [5]. The writer Vladimir Nabokov, 
had grapheme-color synesthesia [5]. In his autobiography, 
Nabokov describes the letters that generate the colors of the 
rainbow for him: “The word for rainbow, a primary, but 
decidedly muddy, rainbow, is in my private language the 
hardly pronounceable: kzspygv [5].” Marina Diamandis, Welsh 
singer-songwriter  for Marina and the Diamonds, associates 
colors with music and days of the week [5]. However, an 
issue with the creativity and metaphor hypothesis is that 
synesthesia involves connecting two unrelated objects, like 
the number 5 and aquamarine, whereas metaphors generally 
link two objects that have some similarities, such as anxiety 
being metaphorically described as a “bush shaking in the 

Many hypotheses exist for 
why synesthesia has been 
evolutionarily conserved 

Image reproduced from [7].
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wind” [1]. Even though creativity and metaphor may not 
be considered evolutionary advantages of the condition, 
they are aspects that many synesthetes cite as advantages 
of their unique sensory experiences.
 Another hypothesis for the evolutionary advantage 
of synesthesia is that it may confer sensory processing and 
cognitive benefits. Synesthesia appears to be implicated 
in enhanced sensory processing. For instance, number-
color synesthetes can more easily discriminate similar 
colors than can those without number-color synesthesia. 
It should be noted that this enhanced discrimination could 
either be the result of their synesthesia, or simply because 
they have more experience with viewing colors than their 
non-synesthetic counterparts. However, synesthetes also 
experience increased communication between their senses 
compared to non-synesthetes, even when they are not having 
a synesthetic episode. This appears to indicate that the benefits 
from synesthesia can generalize to increase communication 
and processing between the senses. One of the cognitive 

advantages synesthesia confers is memory. Savants with 
synesthesia have been known to have superior memories 
as a result of their synesthetic experiences: Daniel Tammet, 
a grapheme-color synesthete, memorized pi to 22,514 digits 
using his synesthesia. This link to memory seems to be the 
most compelling hypothesis for the evolutionary advantage 
of synesthesia, where these multi-modal sensory experiences 
“may serve as cognitive and perceptual anchors to aid in the 
detection, processing, and retention of critical stimuli in the 
world” [1]; indeed, Daniel Tammet put his synesthetic color 
associations to use to remember the order of the digits of pi by 
remembering the ordering of the colors. However, there are 
drawbacks to synesthesia: synesthetic experiences can result 
in a sensory overload and might become so overwhelming 
that these experiences affect their everyday lives [2].   

 It seems that the neurological basis for synesthesia is 
the maintenance of enhanced neural connectivity past infancy. 
There also appears to be a genetic basis for synesthesia that 
involves many genes and allows the condition to be inherited 
in many fashions. Although there are many hypotheses 
that indicate the evolutionary advantage of synesthesia, 
the hypothesis that addresses the memory advantage 
conferred by synesthesia is most compelling. Despite the 
possible disadvantage of sensory overload, there can be many 
advantages to synesthesia, including creative inspiration as 
well as enhanced memory and sensory processing. 
 Regardless of whether we feel synesthesia is beneficial, 
we should celebrate different ways of seeing and perceiving 
the world. At first, orchestra members would make fun of 
Franz Liszt’s comments to make the sound, “a deep violet,” 
but soon they learned to accept that great musicians saw 
colors where there only appeared tones. 

Terrell Jones is a student at Carnegie Mellon University. 
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The Technology Scare Revisited: Is the Internet 
Rewiring Our Brains?

Annie Chen

A topic of heated debate has been whether technology 
has become too invasive to the point where it is 
changing the way we think. We become, neurologi-

cally, what we think. So is the Internet changing who we are? 
Some say that the Internet is unhealthily addictive, while 
others say the Internet is a great source of information that 
makes us smarter. If the medium through which information 
is acquired is damaging to its user, should steps be taken 
to reassess the amount that we rely on and use these tools?
 The brain, which was once thought to be unchanging 
past adulthood, was discovered to be “plastic” (1). Regardless 
of age, new connections can be made between neurons that 
are used more consistently, and old connections between 

neurons that are neglected fade with time. Due to the plasticity 
of the brain, “every time we perform a task or experience a 
sensation, whether physical or mental, a set of neurons in our 

brains is activated. If they’re in proximity, these neurons join 
together through the exchange of a synaptic neurotransmitter, 
such as the amino acid glutamate. As the same experience 
is repeated, the synaptic links between the neurons grow

Image reproduced from [9] and [10].
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stronger and more plentiful (2)” The type of information 
that we expose ourselves to, therefore, has a great possibility 
of rewiring our brains. 
 What it comes down to is that the medium through 
which we get our information is influencing our thoughts. 
According to the philosopher Nietzsche, who was going 
blind, a typing machine rescued him for a short time. But 
after resuming his writing activities, he reported that the 
device had a subtler effect on his work, saying that his “prose 
had become tighter, more telegraphic…its iron was, through 
some mysterious metaphysical mechanism, being transferred 
into the words it pressed into the pages” (1). 
 It has been seen in extreme cases of self-proclaimed 
Internet addicts who report a “struggle to turn off anything,” 
how the Internet can take over your life and make you lose 
sight of what’s important in “real” life. Submerging yourself 
into a digital world can also change the connections in your 
brain (2). The brains of Internet addicts, it turns out, look like 
the brains of drug and alcohol addicts” according to a study 
done by Gary Small of UCLA. In a parallel study, there was 
a reported “shrinkage of 10 to 20 percent in the area of the 
brain responsible for processing of speech, memory, motor 
control, emotion, sensory and other information (2).”
 But is Internet addiction real or is it just a fluke? 
According to a psychiatry review published in 2012, 
“Internet Addiction Disorder (IAD) ruins lives by causing 
neurological complications, psychological disturbances, 
and social problems.” And while countries such as China 
and South Korea have identified Internet addiction as a 
significant public health threat and both countries support 
education, research, and treatment, there has been no formal 
governmental response to the issue of Internet addiction in 
the United States (3)

 Some researchers have even linked the rising numbers 
of diagnoses in OCD and ADHD diagnoses with the Internet. 
We are becoming fidgety, constantly jumping from link to 
link, and with this new way of accessing information, comes 
a new way of processing what we read. We “power browse,” 
and put efficiency and immediacy above all else; some argue 
then that we are unable to make rich mental connections 
that form when we read deeply and without distraction (4)
 So how shall we cope with these fears of “information 
overflow”?  One party, including the advocates for the Waldorf 
schools, has shied away from integrating technology into the 
classroom. While schools nationwide have rushed to supply 
their classrooms with computers and many policy makers 
say it might be foolish to do otherwise, the 160 Waldorf 
schools around the nation take a different approach to 
teaching, subscribing  to a teaching philosophy “focused 
on physical activity and learning through creative, hands-
on tasks,”claiming “computers inhibit creative thinking, 
movement, human interaction and attention spans (5)”.

 But is this technology scare as old as time itself? Isn’t 
it just a natural response, to question whatever is new? It is 
good—even necessary—to question? But this may just be 
another recurring trend in history. For example, Socrates 
famously warned against writing because it would “create 
forgetfulness in learners’ souls, because they will not use 
their memories (6)”. What seems to happen is that the older 
generation warns against a new technology and bemoans 
that society is abandoning the “wholesome” media it grew 
up with, unaware the this same technology was considered 
to be harmful when first introduced. 
 Similar trends were seen with the change from 
getting news from the printed page, arguing that it socially 
isolated readers. And later, when literacy became essential 
and schools became more prevalent, some turned against 
education for being “unnatural and a risk to mental health,” 
that “exhaust[ed] children’s brains and nervous systems 
with complex and multiple studies (6).” After its invention, 
the radio was accused of distracting children from reading 
and diminishing performance in school. The radio is now 
considered appropriate and wholesome. 
 To date, there have been many media articles that 
have raised issues about the Internet and its effects on mental 
health, such as “Warning: brain overload” from the Times of 
London or “Is Google Making Us Stupid?” in the Atlantic. 
However, there is a lack of concrete evidence and research 
(7). Because of the unprecedented speed at which technology 
is advancing, it is understandable why there has yet to be 
conclusive findings on long-term effects of Internet usage.
 This rapidly evolving change is demanding that we 
adapt. According to the neurophysiologist William Calvin, 
modern human cognition, including sophisticated language 
and the capacity to plan ahead “evolved in response to the 
demands of this long age of turbulence” and the reason 
why we survived is that our brains changed to meet new 
challenges (8). The focus of this technological evolution, 
therefore, should not be how we put on the brakes, but how 
we manage and adapt to the immense amount of knowledge 
that we have created. 
 With inventions such as the written language, 
the printing press, the telegraph, and the radio, we have 

countries such as China and 
South Korea have identified 

Internet addiction as a significant 
public health threat

An internet cafe in China. Image reproduced from [11]
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significantly increased our functional memory and ability to 
share insights and knowledge across time and space. Some 
scientists have described this as “fluid intelligence” –that we 
now have this ability to “find meaning in confusion and to 
solve new problems, independent of acquired knowledge 

(8).” As digital systems become faster, we are co-evolving: 
learning to adapt our thinking and expectations, process and 
filter information, and determine priorities instantaneously.  
 Is Google making us dumber? Are we losing our 
ability to focus and digest complex information? Are the 
brains of Internet users really different from readers, and if 
they are—is that necessarily a bad thing? Skeptics associate 
change with negative outcomes. But it doesn’t have to be 
that way. Technology is advancing at a pace that will leave 
non-users behind in the dust. It is important to remain wary 
and cautionary, but foolish to think that it won’t change 
us or that it shouldn’t. So far, there has been insufficient 
evidence regarding specific neurological changes that occur 
due to Internet use, and more research on this topic needs 
to be done. But even if the Internet is affecting our ability 
to focus and think in ways that reading long texts require 
us to, is this skill demanded of us in the future? We are co-
evolving with the very technology that we are producing. 
With these new technologies, expectations of the way that 
we think will have changed and to look back and resist new 
ways of thinking may be impractical for future generations.

Annie Chen is a student at Carnegie Mellon University. 
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