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Message from the President
Welcome to the sixteenth edition of Science in Society Review. This edition marks one of the 
most significant changes to the journal since its inception: the inaugural issue of our pull-out 
supplement, Graduate Research and Development in Society (GRaDS). By opening our pages to 
graduate students, we hope to strengthen and diversify student discussion of the key issues at 
stake in the relationship between science and society.

Last term saw us address aspects of this relationship in two successful panel debates on the place 
of pharmaceutical companies in society, and on the relationship between science and public  policy. 
But our work doesn’t stop at the end of term; during the Easter Vacation we held a conference for 
sixth formers on Science in Society, which was a highly enjoyable event for everyone involved. 
Francesca Day also represented Cambridge at the 2012 Triple Helix Conference in Washington, D.C.

Offering experience in writing, editing, production, event management, outreach work, and a 
great deal more besides, The Triple Helix, Cambridge is constantly expanding and developing 
all facets of discussion of science in society. If you’re inspired by our work and would like to get 
involved, then email info@camtriplehelix.com or visit our website for more details. Be sure to  
keep an eye on our new blog for all the latest on our activities: thetriplehelixcambridge.blog.com.

Martha Henriques
President, The Triple Helix, Cambridge
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On 5th April students from across the UK and from 
The Harker School in California met in Cambridge for 
a Triple Helix conference to discuss the relationship 
between science and society. Several students presented 
carefully considered and thought-provoking posters 
on topics ranging from bioremediation of toxic waste, 
to methods of rehabilitation of drug addicts, to a 
potential cure for cancer using viruses.

The conference succeeded in sparking lively debate 
amongst the sixth formers. The students highlighted 
important issues when questioning a range of guest 
speakers on the ethics of manipulating the human 
body for treatments and enhancements. An engaging 
and wide-ranging debating session saw teams of 
students argue for and against animal testing and 
patenting biological materials.

Science in Society Sixth Formers Conference

For further details and updates visit www.camtriplehelix.com 
or e-mail info@camtriplehelix.com

Keep a look out for our posters too!
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Message from the CEO

Sleep deprivation is no stranger to most college-age students. Pulling all-nighters to finish problem 
sets and papers seems worthwhile because we value our academic achievement over the seemingly 
trivial rest and relaxation of dream land. But in the Spring 2012 edition of the Science in Society 
Review, Eric Bai of Brown University, questions this assumption in our cover story “More Important 
than Money: Sleep”

All of our work is done by undergraduates. This publication cycle, writers and editors from ten 
chapter universities have contributed to this journal! Their tireless work has been complemented 
at the International level by the International Editorial Board, comprised of hardworking Senior 
Literary Editors.

We hope you enjoy reading through this edition of the Science in Society Review. If you are intrigued 
by these articles, we hope you will engage with a dialogue with the writer by sending a Letter to 
the Editor or joining The Triple Helix.

Sincerely,
Dhruba Banerjee and Darwin Chan
Executive Editor-in-Chief and Chief Production Officer

Message from the EEiC and CPO

In October 2004, a Cornell University freshman had the idea of putting together a student organization 
that would look beyond the intellectual appeal of science and make critical connections between 
science and its relevance to other disciplines that shape our society. The Science in Society Review, 
the first product of The Triple Helix, was published in 2005, and the concept became so popular 
that over the next two years, the organization would expand to fifteen other US chapters and into 
three international regions.

We are constantly striving to be better. This was the year in which recent graduates played a more 
active role within the organization, thus building a foundation of collaboration and mentorship that 
we hope to maintain in the years to come. This was the year that we revamped our logo, created 

a new international website and standardized our international message. This was the year we instituted official social 
media outlets, shared our progress via monthly newsletters, reached out to local communities, and experienced ground-
breaking attendance at both our annual conference and local science policy events. This was the year of new programs 
with the establishment of The Quanta (TTH@ASU), e-mentoring, podcasts, extra features, and alumni networks. And 
this year, we were proud to welcome UC Davis, Duke University, and the University of Oxford to our ever-growing 
list of TTH chapters.

Cheers,
Jennifer Ong
Chief Executive Officer, The Triple Helix
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CAMBRIDGE EDITORIALS

Making the Connection: Integrating 
Neuroscience and Public Policy

Martha Henriques

Science may seem at its most exciting in the field, at the 
bench, or in front of the computer at the point when 
discoveries are made and new concepts come into force. 

The ambition to be a part of the ever advancing “cutting 
edge” is undoubtedly what drives the many scientists who 
make the discipline what it is today. While the intrinsic 
value of contributing to the ever-growing body of scientific 
knowledge is certainly an important motivator for many 
scientists, it is arguably only away from the lab that the 
most important business of science begins. The translation of 
new developments into knowledge that can usefully inform 
and influence public policy is one of the processes by which 
science has the greatest impact on the majority of society.

A large part of this filtration from lab to daily life involves 
careful consideration of the context in which the scientific 
knowledge will be put to use; in order to create robust and 
responsible public policy, the potential implications of new 
scientific knowledge and technology must be considered 
from every angle. One area where significant efforts to create 
scientifically informed public policy are currently underway 
is neuroscience [1]. A huge range of sciences have clinical 
and therapeutic applications, but neuroscience seems to 
be unique in the breadth of its potential to influence the 
courtroom, the classroom and the workplace, as well as 

medical practice.
In a series of reports entitled Brain Waves, published from 

January 2011 to February 2012, the Royal Society examined 
the potential benefits and problems with implementing 
neuroscientific knowledge into important areas of public 
policy, including education and criminal evidence [2, 3]. The 
potential for neuroscience to enhance education in school and 
throughout life was reported to be particularly promising.

Professor Uta Frith FRS, Emeritus Professor at the Institute 
of Cognitive Neuroscience, UCL, chaired the working group 
for the second Brain Waves module, and expressed positive 
yet cautious hopes for new technologies and knowledge 
from neuroscience to revolutionise the educational system. 
“I am very passionate about the possibility that what we are 
learning from neuroscience could be applied in everyday 
education, everyday teaching and learning. Teachers and 
scientists have a common aim: we want to improve how we 
learn.” Frith continued to express hopes that scientists and 
policymakers can work towards a more “scientifically based 
education in the future” not just in schools but throughout 
life-long learning [4].

Research into alternative teaching methods, primarily 
aimed at helping children with learning difficulties, has 
yielded some success; there have been promising results 

Reproduced from [12].

Reproduced from [9]
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from initial trials of adaptive computer games to improve 
numeracy skills of school children struggling with basic maths 
[5]. A significant problem in developing a neuroscientific 
approach to education is ensuring improvements measured 
experimentally correlate with genuine transferrable skills 
that are of use in complex ‘real world’ situations, an often 
unpredictable transfer that many promising alternative 
teaching technologies fail [6]. However, the studies that have 
succeeded in making useful potential links between the lab 
and the classroom offer promising guidance for creating 
innovative and scientifically founded public policy.

Although advances in alternative teaching technologies 
for those with learning difficulties offer one avenue to enhance 
traditional methods of education, there is much neuroscientific 
research that can usefully inform public policy by supporting 
basic lifestyle changes [7]. Well established links between 
lifestyle patterns and mental and neural health can form 
a robust basis for public health campaigns. For example, 
links between healthy sleep patterns, varied physical and 
mental exercise and lower risk of developing Alzheimer’s 
disease have been known for years [8]. Integrating this kind 
of basic science into public policy offers the potential to 
significantly improve wellbeing and quality of life for the 
UK’s ageing population.

The applications of neuroscience don’t stop with 
education and health. While, as Frith says, neuroscience 
and education do indeed have a lot in common, neuroscience 
and the law can arguably offer even more mutual benefit. 
A better understanding of the psychophysical nature of 
responsibility and impulsivity, and better methods of assessing 
the likelihood of criminals reoffending could significantly 
enhance the current measures in place in our legal system; 
but for every potential advance, caution must be exerted to 
ensure that policy doesn’t get ahead of itself: “While there 
are examples… of where neuroscience may provide useful 
insights, it is worth sounding a note of caution: claims that 
murderers can be identified by imaging studies of their 
brains, or that there is a gene for psychopathy or for violent 
or antisocial behaviour are completely wide of the mark.” [3]. 

As with the case of education, the most promising 
and important policy recommendations for integrating 
neuroscience and law take the form of better communication 
of key information, both to the general public and between 
specialists. The simplest of solutions lies in promoting 
interdisciplinary collaboration and communication between 
lawyers and neuroscientists. Specific recommendations made 
by the Royal Society in the fourth module of their Brain Waves 
report include: “An international meeting should take place 
every three years to bring together those working across 
the legal system with experts in neuroscience and related 
disciplines… to discuss the latest advances in areas at the 
intersection of neuroscience and the law to identify practical 

applications that need to be addressed” [3]. But it’s not just 
established experts that should be involved in interdisciplinary 
communication; emphasis is also on university students of 
law and neuroscience to consider the intersection of their 
disciplines and the wider context of their place in society. 
Promoting a culture of interdisciplinary information sharing 
at all levels of training may seem like an obvious solution, 
but it is one that requires concerted efforts on both sides to 
break down the traditional barriers.

The limitations of the applications of neuroscience are 
fundamentally important to recognise when formulating 
viable public policy: “most experiments that investigate the 
relationship between brain activity and behaviour necessarily 
use simplified laboratory situations. Generalising findings 
from these experiments to complex ‘real world’ situations 
is difficult and uncertain. An appreciation of the limits of 
neuroscientific techniques can inform the assessment of how 
useful these findings can be, and importantly, highlight areas 
for productive research” [3].

Neuroscience is undoubtedly a fascinating field with a 
huge range of potential applications in daily life. If anything, 
the recent efforts to explore and translate these potentials 
into coherent public policy shows that the temptation to 
associate applied neuroscience with unbeatable lie detectors 
and futuristic cyborg educational devices should be firmly 
confined to science fiction for the foreseeable future. Instead, 
campaigning for basic lifestyle changes and encouraging 
communication between experts in different disciplines, 
although decidedly less headline-friendly, has far more 
potential for positive impact on society as a whole.

 

Martha Henriques is a third year student at Selwyn College studying 
History and Philosophy of Science. She is the new President of 
The Triple Helix, Cambridge.
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Therapeutic Use of Diverted Suboxone
Sandeep Manel Nayak

It’s a miracle drug,” says Casey, a Providence heroin addict. 
Approved for opiate detoxification and short- and long-
term maintenance in 2002, suboxone is the latest and 

greatest development in the medical establishment’s continual 
push to treat addiction as a disease rather than moral failure 
or sin. The first such maintenance drug, methadone, made 
its appearance in a storm of controversy. However, efforts 
to overcome these public relations tribulations, eventually 
made methadone maintenance therapy an accepted practice 
by legitimizing the principles of opioid maintenance and 
harm reduction. Methadone acceptance in turn has paved 
a relatively controversy-free way for suboxone’s debut. Yet 
still, access to this valuable medicine remains inadequate. 

While, in crude terms, methadone might be thought 
of as long-lasting heroin, the common sense accusation that 
maintenance therapy trades one addiction for another is 
misleading. Withdrawal is an unpleasant experience, and 
those in its grip will go to great, even destructive lengths to 
avoid it. Plain and simple, it’s addiction. Thus methadone 
(and opioid maintenance more generally) alleviates the 
physical agony and destructive social behaviors of addiction 
without curing it. While many people wean themselves off 
to an opiate-free lifestyle, others may remain in maintenance 
for life. Regardless, methadone maintenance works; it has 
consistently proven better than “going cold turkey” at reducing 
heroin use and overdose deaths. 

Yet despite its efficacy, perceptions of methadone 
maintenance among opioid abusers are generally negative 
[1,2]. Casey’s attitude towards the treatment, by no means 
unique, can be summed up in the succinct: “Fuck that shit,” 
[12]. Withdrawal from methadone can be agonizing, dragging 
on for weeks, and its abuse potential has resulted in stringent 
regulations on its use, normally requiring that patients show 
up daily to a special clinic for their dose. A hassle indeed.

Enter Suboxone
Unlike methadone, heroin, and every other abused opiate 
mentioned in the news, suboxone is only a partial (as opposed 

to full) opiate agonist. Moreover, suboxone has a higher 
binding affinity to opiate receptors than most abused opiates. 
Taken together, this means that if an addict, with, say, heroin 
plugging his opiate receptors were to slide a suboxone tablet 
under his tongue, it would actually precipitate withdrawal by 
replacing the heroin with a less effective receptor stimulant. 
This also means that if another opiate were taken on top 
of a suboxone dose, its effects would for the most part be 
blocked. All of this makes it even harder to abuse by people 
who are already addicted [3]. 

As a consequence of not being a full agonist, there is 
a “ceiling effect” of suboxone dosing, so that after a certain 
amount (about 32 mg) higher drug concentrations produce 
little to no additional effect [4]. Thus, severely dependent 
individuals needing a greater dose will get little benefit from 
suboxone. However, this ceiling effect also blocks overdose 
(as long as the medicine is not mixed with other drugs). 

Furthermore, suboxone withdrawal is regarded to 
be milder than methadone and heroin by both injection 
drug users as well as the medical establishment [2,3]. Even 
sudden suboxone cessation does not generally lead to severe 
symptoms, a fact which is recognized and appreciated by 
surveyed opioid abusers. Withdrawal from methadone, 
however, is perceived to be (and is) more severe and more 
prolonged than heroin withdrawal [2,5]. 

Moreover, suboxone is really a combination of two 
drugs: one, the active ingredient, buprenorphine, and the 
other, an inactive opioid blocker which only takes effect 
when injected. If a misinformed drug user tries to inject 
suboxone for recreational purposes, he will at best waste 
his money since the blocker will prevent the buprenorphine 
from producing any euphoric effect. However, if he had 
taken some other opiate prior, the blocker will kick those 
out of the receptors, too, thereby precipitating an irritating 
withdrawal.  This quality essentially rules out the possibility of 
suboxone’s abuse by injection [3]. Thus, chemically, suboxone 
is shockingly well-equipped for reducing abuse potential. 
On top of this, it works about as well as methadone (6). 

Reproduced from [13].
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In contrast to early-morning methadone clinic visits 
and long waits in lines to get dosed, suboxone patients need 
only make occasional (and private) trips to a doctor’s office 
to renew their prescription. Given all this, it is no surprise 
that opioid abusers generally regard suboxone in a more 
positive light than methadone [1,2,7].  

Access
Suboxone’s availability, however, is still restricted. For 
example, doctors wishing to prescribe suboxone have to 
go through an eight-hour training course to do so, and are 
limited to treating one hundred patients at a time. While 
this might seem reasonable, no such restrictions are levied 
on the prescription of more easily abused opiates, such 
as Vicodin. Moreover, injection drug users (IDUs) form a 
generally disenfranchised population that doesn’t often have 
health insurance or large sums of disposable cash . In the 
Providence study, the majority of those surveyed had no 
health insurance, and the ones that did typically had some 
sort of state-funded healthcare such as Medicaid, which 
most suboxone providers in Rhode Island don’t accept [8]. 

Thus, many IDUs wishing to acquire suboxone through 
legal channels have to pay “out of pocket.” One Providence 
doctor blogged: “I like to charge $350 for the initial evaluation, 
$200 for the induction [into treatment], and $150 for followup 
[sic] appointments. Cash only.” [9]. 

This, however, doesn’t even include the cost of the 
suboxone itself, which in this particular case “alone averages 
around $150 per month for most people.” So a month’s supply 
of thirty 8 mg tablets would amount to five dollars each, 
not including the costs of doctor visits, lab work, etc. It is, 
as the aforementioned doctor says, “expensive,” [9].

Interestingly, on the street, the price for the pills 
themselves is about the same. A Baltimore study reported a cost 
of five dollars per 8 mg tablet, and the previous Providence 
one reported a median price of six dollars each [8, 10]. By 
removing doctors’ fees, it is actually cheaper to acquire 
suboxone through illegal channels. While Casey would have 

liked to receive authorized suboxone treatment in the form 
of a doctor’s prescription, her lack of insurance compelled 
her to the economically rational choice of purchasing street 
suboxone.

The Uses and Abuses of Street Suboxone
Prescription drug diversion is hardly a new phenomenon. 
The streets of American cities play host to a thriving black 
market of diverted prescription opiates, including oxycodone 
and hydrocodone which are obviously used in ways that 
might be termed abusive. That is to say, people purchasing 
such drugs are generally not following standard medical 
procedure in their uses of them. 

What’s interesting about diverted suboxone is that it is 
by and large being used in a medically-appropriate way. In 
Providence, eighty-six percent of IDU respondents reported 
ever obtaining street suboxone, and among these, eighty-
four percent reported having used it to reduce withdrawal 
symptoms, versus only thiry-two percent to get high. Moreover, 
seventy-seven percent of those who’d used diverted suboxone 
in Providence cited doing so because they couldn’t afford 
treatment [8]. Studies from Sweden, Baltimore and elsewhere 
also evidence the low rate of abuse of illegally-obtained 
suboxone [10,11]. 

A survey of Providence injection drug users found 
that while more respondents were interested in enrolling 
in suboxone treatment than methadone, three times as many 
had registered in methadone programs in the past year [8]. 
This demand for suboxone is being filled by diverted drugs. 
In Providence, for example, more than twice as many survey 
respondents had illegally obtained suboxone in the past 
month than had received it legally in the past year [8].

Casey detoxed herself with diverted suboxone on three 
occasions. While she relapsed each time, suboxone gave 
her a respite, no matter how brief, from an addiction that 
seemed otherwise unbreakable. Clearly, unsupervised use of 
any medicine is not ideal, and perhaps under the umbrella 
of proper medical care, she might have been able to enter a 
more lasting period of abstinence. However, given today’s 
barriers to suboxone access and the drug’s exceptional safety 
profile, it’s difficult to criticize this kind of illegal therapeutic 
use, particularly when considering the alternative ways of 
dealing with withdrawal. For the time being then, might 
suboxone diversion be a good thing? 

Sandeep Nayak is a senior Religious Studies concentrator with 
interests in public health, political science, sociology, and how real 
world topics span a variety of academic disciplines.
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The Alien Ceres:
Promises and Precautions of Modern 

Agriculture
Niloufar Hafizi

The image is familiar and nearly universal: a deity bear-
ing grains of wheat or pictured next to a plow, called 
Ceres, Osiris, Lord Balaram-the name does not matter. 

A stable food supply is a cornerstone and major concern of 
any civilisation; for this reason agricultural deities are a staple 
of nearly every pagan pantheon. Today’s Ceres, however, 
has undergone a radical change. Her graceful robe has been 
transformed into a stylish, crisp suit, with business cards in 
the pocket bearing the logo and name of a biotechnology 
company. She still holds grain, but it is clasped more closely 
to her designer-clad chest, and held aloft so that only those 
who are already strong and vigorous may reach it. Those 
in developing countries, where agriculture is not only an 
undervalued sector of the economy but the basis of their 
tenuous livelihood , are left with empty hands. 

World hunger is not a new issue, and recent agricul-
tural innovation is by no means the sole reason for con-
tinuing hunger or rural poverty in developing countries 
[1]. However, biotechnology certainly does complicate the 
approach. Despite the latter’s advertisement of itself as a 
solution, it has presented new legal and ethical challenges 
without overwhelmingly successful activity on the solu-
tions front of this enduring issue[2]. Over two centuries 
ago, Thomas Malthus famously predicted mass starvation 
as the geometrically expanding human population would 
eclipse the arithmetically sluggish growth of the food sup-
ply. One of the several factors which his 1798 Essay on the 
Principle of Population had not taken into account was that 
agriculture was undergoing a transformation that would 
result in exponential growth to match that of the human 
population [3]. Beginning in the mid-twentieth century, the 
Green Revolution not only prevented devastating starvation 
in Latin America and parts of Asia through the heavy use 
of fertilizer, herbicides and hybrid varieties, but also raised 
production of some grain types in Mexico by 50 percent and 
turned India into an exporter rather than an importer of food 
grains [4].  Unfortunately, there arrived a time in the 1990s 
when it became clear that starvation and malnutrition had 
not been eradicated. Extending the same techniques was no 
longer possible, because the land wore out and productivity 
tended to decrease after an initial boom . A new method was 
needed. The biotechnological revolution publicized itself as 
the succeeding savior, capable of feeding the 800 million 
hungry left in the world and preventing the environmen-
tal degradation associated with the intensive farming and 
chemical usage of the initial Green Revolution. To the benefit 
of many, agricultural output has increased as a result of the 
biotech revolution, but there is evidence that it has had the 
reverse effect on those in need of economic progress [6]. 

A basic understanding of the process involved in creat-
ing genetically modified organisms [GMOs] is extremely 

helpful when reading about industrial agriculture. A geneti-
cally modified organism has had one or more foreign genes 
selected from another organism inserted into its genome [7]. 
Genes are typically not inserted singularly but as a package 
including promoter and terminator regions and a marker, 
together known as a cassette. An unaccompanied gene would 
not be able to function without these mechanisms, which 
indicate when and where the gene is activated and when 
its transcription ceases [4, 7]. Most cassettes are inserted at 
random into the host organism, which may disrupt the func-
tions of other genes, and it is often necessary to use marker 
genes to ascertain that the desired gene has become part of 
the host’s genome . Once confirmed, genetically modified 
status is also verified [4]. 

The distinction between ‘genetic modification’ and 
‘transgenic’ is largely overlooked but is of great impor-
tance for understanding the disputes over the products of 
biotechnology. Biotechnology’s GMOs, or ‘Frankenfoods’ 
[8] as they are sometimes called in the media, refer specifi-
cally to foods modified so as to be transgenic. Mankind has 
been genetically modifying food since the beginnings of 
agriculture over ten thousand years ago. Nearly everything 
we consume has been genetically modified, sometimes to 
the point where it is unrecognizable from its ancestor .  Un-
like artificial selection, genetically engineering an organism 
creates transgenic products which contain genes selected 
and transferred from other species. A transgenic organism 
has been genetically modified, but not all genetically modi-
fied organisms are transgenic. Biotech companies such as 
Genentech prefer to flout the term ‘engineering’ because it 
connotes a high degree of precision. Agricultural biotech 
companies like to claim that farmers using conventional 
breeding techniques or radiation employ a more hit-or-
miss kind of process, since the interactions of the genes in 
the entire organism may or may not generate the desired 
results [4]. The implication, of course, is that the insertion, 
or engineering, of specific genes is a superior method. The 
term engineering may be misleading in this case, since the 
process of inserting genes from one species into another, 
or even tinkering with genes in a single species, can be as 
imprecise as conventional approaches. Not only is its success 
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uncertain, but it may also have unforeseen effects due to 
unknown linkages or unpredictable gene insertion  [7, 9].

The following cases about GMOs serve to illuminate 
the downsides of what biotechnology has meant for parts 
of the developing world. The social and economic effects 
of biotechnology in less developed parts of the world can 
be ignored in the media haze of slogans involving puns 
based on Gothic novel titles and exaggerations of science 
. All of these effects are ironic, considering that one major 
bastion of initial biotechnology promotion was the potential 
alleviation of hunger.

Biotechnology from the beginning was dominated by a 
sense of business  [6, 9]. The very first genetically modified 
plant, a tomato that did not rot as quickly as the conventional 
tomato, was the child of the California company Calgene [4]. 
Nowadays, a handful of corporate life science conglomer-
ates, which formed to combine patent claims, controls most 
of the market. The profit-driven environment thus creates 
shifts within the attitudes and purposes of science. An open 
environment where information is shared freely, a feature of 
the struggle to understand what genes are and the genetic 
makeup and growth process of corn sixty years ago [5], no 
longer exists. Scientists with humanitarian aims must seek 
grants from governments and charitable foundations, of 
course. They probably will also need to struggle through 
thickets of intellectual property rights and patent claims, 
some of which historically have been claimed by more than 
one company [4], before making their findings available. An 
excellent sample case is the invention of vitamin-A enhanced 
rice, or “golden” rice . 

The golden–yellow hue for which the engineered rice 
is named comes from the presence of beta-carotene, also 
found in carrots. This pigment is a precursor of vitamin A 
and was researched for eight years in order to address the 
problem of vitamin A deficiency in the developing world, 
estimated to account for about a quarter of all global mal-
nutrition-related diseases [4, 10]. People lacking vitamin A 
often become blind and immunologically compromised. 
The goal of Professors Ingo Potrykus and Peter Beyer, the 
creators of golden rice, was to find a solution to this prob-
lem. However, in the course of their research, they had in-
fringed seventy patents belonging to thirty-two different 
corporations [4].  To complicate matters further, they ran 
out of funding during their labours. Beyer was compelled 
to accept funds from the European Union, the corporate 
partners of which had rights to the results. The researchers 
found themselves forming a deal with AstraZeneca which 
gave the company license to the technology but allowed 
small farmers with annual incomes under $10,000 to use the 
technology for free once it was prepared for distribution. 
The outcome was not as dismal as it could have been, but 
Potrykus could not help but express his annoyance with the 
necessity of the proceedings in a paper: “It seemed to me 
unacceptable…that an achievement based on research in a 
public institution and exclusively with public funding and 
designed for a humanitarian purpose was in the hands of 
those who had patented enabling technology earlier or who 
had sneaked in a material transfer agreement...” [11]. Busi-
ness competition was here less a motivation for innovation 
than an opportunity for domination.

Patents and property rights are not obstacles for only 
well-intentioned researchers. They impact developing coun-
tries directly in the phenomenon known as biopiracy, or 
bioprospecting. Given the paucity of genetic variety in the 
developed world, its corporations send out ‘gene hunters’ 
to the cradles of agriculture and variety for new strains 
[12]. The activity is not unprecedented – Columbus and his 
sailors, returning to Spain in gory triumph, brought New 
World crops as part of their array of loot [5]. Bioprospecting 
can be done in an ethical way, with the consent of the source 
country and a sharing of the benefits, or in a manner akin 
to plunder. The following example illustrates the latter: in 
the 1990s RiceTec, a Texas company that uses molecular 
tools in its product designs, patented what it claimed were 
new strains of basmati rice. These new ‘inventions’ were 
bred by crossing dwarf rice with basmati from Pakistan [4]. 

The consequent uproar was not surprising. Basmati has 

Reproduced from [17].Reproduced from [17].
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been cultivated in Pakistan and northern India for millennia. 
It struck many as ludicrous that a traditional variety could 
be tweaked and claimed by a foreign company. The possibil-
ity of harm to exports from the authentic growing regions 
and the alleged misuse of the name ‘basmati’ by RiceTec 
led to a lawsuit [4, 13]. The Indian government petitioned 
and fifteen of twenty of the patent claims were overturned 
by the United States Patent Office in 2001 [4]. However, 
the larger issue highlighted by this case was the subject of 
patents and cultural rights. The idea of taking out a patent 
for a traditional plant had not before been necessary, but 
the patent world had changed. At a meeting of the United 
Nations Conference on Environment and Development at 
Rio de Janeiro in 1992, one of the topics was the United 
Nations Convention on Biological Diversity. The resulting 
treaty sought to protect the genetic treasure troves of com-
munities, giving states sovereign rights over such biological 
resources and indigenous groups rights to their traditional 
strains and inherited knowledge. Commercial users of the 
knowledge would be required to distribute profits with 
equity [4, 13]. 

The fact that such a treaty is needed is a jarring indica-
tor of what modern agriculture has become . The golden 
rice and basmati rice case studies present some of the major 
problems modern agribusiness presents to struggling farmers: 
the abuse of GMOs created for humanitarian purposes, the 
difficulty of pursuing such research, and the abuse of the 
cultural rights of ethnic communities by companies from 
countries where monoculture is eliminating genetic variability.

A third example from Africa will round out the grouping: 

during the African famine of 2002, the United States offered 
food aid packages of corn to the afflicted countries. Since 
grain varieties are not milled separately in the United States, 
any corn sample most likely contains genetically modified 
corn. Three countries -Zimbabwe, Mozambique, and Zam-
bia- all refused the aid in the midst of starvation. Zimbabwe 
eventually grudgingly accepted on the condition that the 
corn be milled and free of seeds which could be planted. 
Zambia and Mozambique still flatly refused. In addition to 
health and safety concerns, the reasons cited were economic 
and environmental precautions. Impoverished farmers in 
countries such as Zambia are able to sell their products to 
many countries in the European Union under the label of 
‘GM-free’. If ‘GM’ seed from American donations were to 
contaminate Zambia’s fields, the farmers may be left with 
no market [4]. Due to their legitimate concerns, these three 
countries to this day refuse to import grain and corn aid from 

Reproduced from [18].
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the United States unless it is first ground into powder. This 
effective solution prevents the food from being planted [6, 9]. 

The threat to existing, low-technology agriculture in 
areas that are too poor to be targeted as consumers of biotech-
nology is another part of the repertoire of concerns for the 
developing world [6]. New genetic engineering techniques 
are costly, favouring corporations who have the means to 
develop them, and are unlikely, due to legal issues, to be 
available for humanitarian distribution as Green Revolution 
products were. Whatever biotechnological findings that may 
be advantageous for subsistence farmers will most likely lead 
them into debt, especially since biotechnological products 
require continued investment. The greater efficiency of farms 
with access to biotechnology means that the disadvantaged 
farmers can easily be outcompeted if they raise similar crops 
for export. The presence of genetically modified organisms 
from aid or on a neighboring farm in any country may even 
threaten the current livelihood of farmers who export under 
a transgenic-free label. Intervention by NGOs can better the 
situation, but the behemoth farms on their own have little 
reason to work with small farmers or change their methods. 
On an optimistic note, agribusiness is taking a new approach 
which contains itself to the single plant species’ genome, 
reducing the risk of foreign genes infiltrating native gene 
pools [14].

Biotechnology companies usually control all stages of 
production, beginning with research. This has led to the 
development of plant seeds which engender sterile offspring, 
forcing farmers to purchase crop seeds annually. Viable seeds 
cannot be used either, because patent laws allow companies 
to own living plants and the seeds which the company has 
‘created’. Farmers are usually forced to sign contracts agreeing 
to dispose of new viable seeds. Any farmer who continues 
the traditional practice of saving and using seed from last 
year’s crop is at risk of being sued [6]. Equally insultingly, 
corporations and individuals infringe upon cultural tradition 
by patenting long-existing varieties of region-specific crops 
produced with new methods. An overhaul of patent laws 
and more effective international resolutions are is clearly 
in order to prevent corporate domination.  While the hu-
manitarian side has partially won the legal debate, as in the 
RiceTec and the golden rice cases , it is not always victorious. 
Fortunately, agriculture and biodiversity are frequent topics 
on the international agenda and a subject of investigation 
for United Nations committees and agencies [15]. Research 

groups such as the Consulting Group for International Ag-
ricultural Research make an effort to create gene banks to 
preserve variety, and some governments such as in India 
have begun to codify and store indigenous knowledge in 
order to protect it. 

Positive efforts are accompanied with negative reactions. 
The consequences above have contributed to the general anti-
biotechnological sentiment that, while subsiding, continues 
to prevail in Europe [9] .The products of biotechnology were 
banned from Europe for a long duration, and now member 
states are able to individually opt for bans if products are 
unsafe [15]. In parts of the developing world, recent years 
have seen a rise in demand for local and organic agriculture. 
These have their own limitations, but could be important 
as the use of GMOs increases globally [9, 16].

Increasing global attention, particularly from govern-
ments and international organizations, is thus carving the 
way to some changes in how biotechnology operates and 
affects an already beleaguered agricultural scene in lower-
income countries. GM crops are most likely here to stay, and 
with the gradual onset of regulation and reconsideration of 
biotechnology’s goals and impacts, a new vision of Ceres is 
presented. More benign, as was first promised, her posture 
is less imposing and her expression is less ruthless. She has 
not changed her garments-it is probably too late for that-but 
this time she appears to hold out the fruits of her power, 
bestowing rather than grasping. 

Niloufar Hafizi is studying Economics at the University of Chicago.
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The Cost of Driving Without Free Hands
Adam Tuomi

Look around; everybody is doing it. Observe almost any 
American roadway, and within seconds you’ll spot a 
driver with a cell phone in hand. It makes sense in today’s 

fast-paced world that people take their otherwise uneventful 
commute and turn it into something productive–namely a 
time for remote conversation. It’s just so convenient to talk 
to one’s boss one moment and make dinner reservations the 
next, all the while negotiating rush hour traffic. When time 
would otherwise be spent staring at the rear bumper of the 
gridlocked car ahead, why would we not use cell phones on the 
road? The answer is disconcerting: phoning while driving 
might not just be dangerous, it could be fatal.

To put that danger into a perspective we can all 
understand, researchers at the University of Utah drew a 
comparison between drunk-driving and phone-driving, with 
frightening results: driving while phoning is as dangerous 
as driving while drunk [1]. The widely-cited study, which 
used a driving simulator to mimic real-world experience, had 
participants follow a pace car which changed speeds without 
warning. The forty drunkards, those with a blood alcohol 
content (BAC) of 0.08 – by law, too drunk to drive – had, 
perhaps surprisingly, zero accidents. In contrast, the forty 
loquacious, cell-phone-equipped participants had a total of 
three, and the popular hands-free devices were also found 
to impair driving. Thus, the study concludes, cell phones 
should be taken out of the hands of drivers – figuratively 
and literally.

Opponents of cell-phone-equipped driving oftentimes 
cite this study to support their claim that cell phones should 
be off-limits while driving. Outlawing driving and phoning, 
they argue, only makes sense. If it poses a threat to society, 
then the positives of eliminating it – like protecting the health 
of drivers, passengers, and pedestrians alike – outweigh the 
negatives – like reduced freedom and convenience. While 
this argument makes sense, it has one flaw. The data show 
elimination of phoning while driving is not actually effective.

Unexpected Consequences
Two recent reports by the Insurance Institute for Highway 
Safety (IIHS) show an important complexity: just because 
driving phone use is illegal does not mean people will stop 
doing it [2,3]. Moreover, the fact that it is illegal can sometimes 

have an unpredictable backlash effect, as shown in an IIHS 
report which examined automobile anti-text-messaging laws 
[3]. The study examined statistics from California, Louisiana, 
Minnesota and Washington during the months immediately 
before and after driving and texting was outlawed. Its findings, 
surprising in light of the University of Utah study, show that 
the laws were completely ineffective at preventing accidents. 
In fact, in three of the four states, accidents actually increased 
after the laws took effect, even after normalizing the data 
against nearby states to account for variables like weather 
and seasonal driving patterns. One possible explanation is 
that people who continue to text – even when it is illegal – 
text with their cell phones under the dashboard to prevent 
policemen from catching on. Under-dashboard texting, 
because it takes the driver’s eyes completely off the road, 
could contribute to the increased accident rate. Regardless 
of reason, though, the data is fairly clear: outlawing driver 
texting has not led to safer roads.

The second IIHS report, which focused on calling while 
driving, tells a similar story: accident rates do not decrease in 
response to legislation banning phone use [2]. The IIHS is not 
the only body to claim so, either. A 2010 article highlighted 
a surprising CDC finding that the drivers who text the most 
– teens – were in progressively fewer accidents over the 
four-year period between 2004 and 2008 [4]. As a product 
of their culture, teens are the biggest users of mobile phone 
features like text messaging. But as these services continue 
to permeate society, teens – and by extension, texters— are 
getting into fewer accidents. And teen texting is anything 
but trivial: in 2010, teens averaged 3339 texts per month, an 
8% increase since 2009 [5]. Indeed, it seems as if the issue is 
more complex than banning texting means safer roads.

Reproduced from [11].
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One potential solution to the cell phone conundrum 
looks at the issue from an entirely different light. Instead 
of banning automobile phone use, we should implement a 
technology that removes the danger – or so say engineers 
at Ford who have developed a hands-free system allowing 
a driver to control everything from the car’s climate control 
to his own Twitter updates entirely by voice. Given the IIHS 
findings that suggest drivers will continue to text regardless 
of law, such hands-free systems may be the only way forward. 
In fact, studies conducted by Ford show that a driver is 
much less distracted while giving voice commands than 
while manually navigating a device such as a phone [6]. 
This study’s result is among a growing body of rigorously 
assembled data that has started to challenge the idea that 
phones are necessarily dangerous.

Perhaps the most convincing data come from a study 
conducted by researchers at Virginia Tech [7]. In it, the 
researchers show a significant correlation not between 
dangerous driving and phoning, but dangerous driving and 
looking away from the road. After following 109 drivers for 

one year – covering more than two million miles of driving 
– the researchers found that nearly eight out of ten accidents 
coincide with a recent glance off the road. Most telling is 
the study’s comparison between talking on the phone and 
texting for operators of heavy vehicles. Texting, a visually 
distracting activity, made driving 22.2 times more dangerous 
than normal driving. Talking on the phone, however, carried 
the same danger level as driving normally.

These data disagree with the University of Utah study 
and completely contradict the condemnation of cell phones. 
Compared to the multiple IIHS reports, the CDC’s statistics, 
and the studies by both Ford and Virginia Tech, the University 
of Utah study’s findings seem questionable. Yet there exists 
a far better reason not to believe them: the study contradicts 
itself. One example is the fact that the drunkards had no 
virtual accidents – yet the sober control subjects did. To accept 
the study, one would also have to believe that driving with 
a 0.08 BAC is not only safer than driving while talking, but 
also safer than driving sober. Studies condemning alcohol 
are ubiquitous, but to be concrete, a 2007 study by the IIHS 
concludes that a teenage male with a BAC between 0.02 
and 0.04 is three times as likely to involve himself in a fatal 
crash [8]. If the study fails to illustrate such a fundamental 
and universally-accepted correlation, trusting it to draw 
out subtle nuances seems naive. As the researchers from 
Virginia Tech point out, extrapolating laboratory “driving” 
into the real world apparently does not work. The in situ 
observation employed by Virginia Tech gives consistently 
accurate results because no part of it is artificial; the data are 
based on observations of real life consequences, not projected 

Reproduced from [9].

The real solution to the 
problem lies somewhere in the 

balance between practicality 
and precaution – a scenario not 
unfamiliar to automobile law



CMU

14 THE TRIPLE HELIX Easter 2012 © 2012, The Triple Helix, Inc.  All rights reserved.

CMU

References
1. Strayer DL, Drews FA, Crouch DJ. A comparison of the cell phone driver and 
the drunk driver. Human Factors. 2006;48(2):381-391.
2. Laws banning cell phone use while driving fail to reduce crashes, new 
insurance data indicate. [Internet]. Insurance Institute for Highway Safety; 2010 
Jan 29 [updated 2011; cited 2011 September 10]. Available from: http://www.iihs.
org/news/2010 /hldi_news_012910.pdf
3. Texting bans don’t reduce crashes; effects are slight crash increases. [Internet]. 
Insurance Institute for Highway Safety; 2010 September 28 [updated 2011; cited 
2011
September 10]. Available from: http://www.iihs.org/news/2010/hldi_news_092810.
pdf
4. Stobbe M. Fatal car crashes involving teen drivers drop. San Diego News 
[Internet]. 2010 October 21 [cited 2011 October 10]; Available from: http://www.
signonsandiego.com/news/2010/oct/21/fatal-car-crashes-involving-teen-drivers-
drop/
5. Parr B. Average teen sends 3,339 texts per month. Cable News Network 
[Internet]. 2010 October 15 [cited 2011 October 10]; Available from:
http://www.cnn.com/2010/TECH/mobile/10/15/teen.texting.mashable/index.html
6. Smith N. Extreme mobile: Fords to feature voice-controlled Internet. Tech News 

Daily [Internet]. 2010 February 26 [cited 2011 October 10]; Available from: http://
www.technewsdaily.com/176-extreme-mobile-fords-to-feature-voice-controlled-
internet.html
7. New data from VTTI provides insight into cell phone use and driving 
distraction, Blacksburg (VA). Virginia Tech. Transportation Institute (US); 2009 
July 29.
8. Lund AK, McCartt AT, Farmer CM. Contribution of alcohol-impaired driving to 
motor vehicle crash deaths in 2005 [Internet]. Arlington (VT): 
Insurance Institute for Highway Safety (US);2007 August 26 [cited 2011 October 
10]. Available from: http://www.iihs.org/research/topics/pdf/r1093.pdf
9. Car Crash Picture [image on the internet]. [Cited 2011 Dec 18]. Available from: 
http://www.mshp.dps.mo.gov/MSHPWeb/PatrolDivisions/TFD/Images/DSC00542.
JPG
10. Cell-Phone-Driver Picture [image on the internet]. [Cited 2011 Dec 
18]. Available from: http://www.safehomealabama.gov/Portals/0/Images/
Distracted%20Driving/Cell-Phone-Driver-MP900399421.JPG
11. Phone and Ticket Poster [image on the internet]. [Cited 2011 Dec 18]. Available 
from: http://www.trafficsafetymarketing.gov/newtsm/T5/10-ever-static_hi_res-
print-300-en.jpg

assumptions. One last fact reaffirms this truth: 

Using  simple  fatal  crash  and  phone  use  statistics,  
if  talking  on  cell  phones  was  as  risky  as  driving  
while  drunk,  the  number  of  fatal  crashes  would  
have  increased  roughly  50%  in  the  last  decade  
instead  of  remaining  largely  unchanged  [7].

Referring to the fact that cell phone use has skyrocketed 
recently, the researchers highlight a crucial point: we have 
observed no concomitant rise in crashes. Thus cell phone 
use and automobile crashes cannot be as intimately related 
as some suggest.

Unfortunately, the debate on in-car cell phone use 
is hampered by polarized opinions on both sides more 
concerned with argument than honesty. The real solution to the 
problem lies somewhere in the balance between practicality 
and precaution – a scenario not unfamiliar to automobile 
law. Drinking while driving is one good example. Instead 
of setting the legal limit at stone-cold-sober, laws allow a 
certain amount of flexibility, finding a midpoint between 
both extremes. This is a clever move not only for purposes 
of diplomacy, but also of psychology. If a driver finds laws 
reasonable, he is more likely to obey them. If, on the other 
hand, he cannot have a single drink without going over the 
limit, when he chooses to have a beer anyway (which he 
will – the failure of prohibition proved this for beer and the 
IIHS studies prove this for phones) he will have no reason to 
stop at the reasonable midpoint. Thus, setting overly strict 
laws is counterproductive, and may agitate drivers more 
than regulate them.

A Reasonable Balance
While those like the researchers at Utah have gone on 
unsubstantiated crusades against cell phones, their basic point 
still is not lost, even in the Virginia Tech study: something 
needs to change. Indeed, operating cell phones, in their current 
incarnation, is dangerous to do while driving. According to 
the Virginia Tech researchers, driving with truly hands-free 

devices is between zero and thirty percent more dangerous 
than undistracted driving, a reasonable balance between 
practicality and precaution. This trade-off might seem cavalier; 
after all, a life is worth unspeakably more than a phone 
call. Yet, as a society, humans realize there comes a point 
at which precaution becomes overkill. Our willingness to 
drive at night (an issue of practicality) despite the three times 
greater death rate (an issue of precaution), is one example. 
Thus, suggesting that practicality is worth serious risk is 
not cavalier; it’s consistent. Cell phones are not about to go 
away even in vehicles. If we are to save the most lives, we 
must work with this fact, not against it.

Accordingly, there stands only one logical route ahead. 
We cannot keep experimenting with laws that consistently 
backfire. Instead, we should swiftly encourage technology 
that gives drivers the freedom they demand while protecting 
the safety we all deserve. Both texting and calling should 
be combated in this way. Laws that only allow hand-free 
texting and talking are the best way to indulge a motorist’s 
appetite for connection while insuring that his most vital 
connection–that between him and road–is not broken. 

Adam Tuomi is a cautious cell phone user who is concerned about 
the deadly mix of cell-phone use and driving. He is pursuing a 
concentration in Physics at Brown University.
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College Tuition: 
The Growing Inefficiency of the Market for 

Higher Education
Zach Branson

National concern for college tuition costs has increased 
almost as rapidly as the costs themselves. It has 
become a rule-of-thumb that college tuition grows 

at least twice as quickly as inflation [1], and as a result, 
many families are panicking about the affordability of a 
higher education. Some have argued that, over time, these 
rising tuition costs will push lower-income families out of 
the market for education to the point that eventually only 
upper-middle- and upper-class students will be able to afford 
a college education [2]. However, despite rising tuition costs, 
college attendance has consistently increased for decades 
[3]. Instead of not being able to afford a college education 
and thereby not attend college, many students have taken 
on loans in order to pay for their tuition costs. However, 
many students default on these loans, in turn causing severe 
economic inefficiency [4]. This student debt crisis is only one 
of many market malfunctions that have occurred because of 
rising tuition costs. All of these market malfunctions make 
the issue of college tuition seem staggering at first glance, 
but with some basic analysis, several particular problems 
within the college market can be pinpointed, and thereby 
some specific solutions can be revealed.      

There are many key differences between the market 
for higher education and most other economic markets, 
and these differences have led to soaring tuition costs. Pos-
sibly the biggest difference between the college market and 
other economic markets is that competition in the former 
has pushed prices that consumers face upwards, whereas in 
most economic markets competition between firms lowers 
the price for the consumer. The reason for this is that many 
universities constantly increase spending in order to attract 
students. Universities, especially top institutions, always 
strive to present themselves as possessing the most up-to-
date on-campus resources. Whenever a college obtains a 
new resource, many other colleges spend great amounts 
of money to bring the same resource to their college. This 
creates an arms race in school technology, where schools 
must match one another in terms of spending on new re-
sources and technology [5]. Because colleges see a significant 
increase in student applications when they acquire new 
facilities and resources, they have every incentive to stay 
in this spending race. We can see this incentive in action 
by examining how colleges spend their funds. In the past 
decade, private institutions increased spending on build-
ing maintenance and student services by nearly twice as 
much as they increased spending on instruction, research, 
institutional support, and academic support [6]. The reason 
for this is that increased spending on physical facilities and 
student benefits is much more noticeable to college-seeking 
families. This race for resources leads to many new facilities 
that significantly increase colleges’ costs, and these costs are 

covered by raised tuition prices.
College spending has an even more direct impact on 

the demand to attend a certain school than just by improv-
ing on-campus resources. A university’s ranking in the U.S. 
News and World Report is “partially based on how much 
an institution spends educating each student,” meaning that 
universities tend to have a higher ranking when they report 
spending more per student. This gives colleges further incen-
tives to increase spending, since having a higher ranking 
results in increased student applications, lower acceptance 
rates, and a reduced amount of financial aid required to enroll 
the class. In terms of national ranking, there is no reason for 
colleges to reduce spending per student and every reason to 
increase spending, even if this also means reduced efficiency.

Increased tuition prices are not only due to internal college 
incentives; there are also external factors that greatly affect 
the price of a higher education. Another reason why college 
tuition has increased in recent years is that the government 
has reduced subsidies to public institutions. While private 
universities have consistently increased spending in order 
to attract students, public and community colleges have 
actually decreased spending in order to make up for a loss 
in government subsidies. From 2002 to 2006, the amount of 
money public colleges received from taxpayers decreased by 
over $1,000 per student, which resulted in further increased 
tuition during those years [7]. In many cases, public and 
community colleges have had to raise tuition and also de-
crease expenditure on classroom instruction in order to fill 
the fiscal hole created by decreased government subsidies. 
This means that not only has the price of a public education 
increased, but also that the overall quality of that education 
has arguably decreased.      

As tuition for both private and public institutions has 
increased, the gap between public education and private edu-
cation has widened, where private institutions’ new facilities 
raise tuition and public institutions are in need of facilities 
because of a lack of government funding. Some families are 
perpetually attracted to private institutions’ increasingly 
large spending on resources, while other families who opt for 
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public education are paying more money for fewer resources. 
Though some have argued that higher college prices will 
push prospective students out of the market, it seems that 
the opposite is true: Attendance rates are increasing along 
with tuition. And since tuition is rising faster than inflation, 
how are families able to afford a higher education?

Though government subsidies have decreased in re-
cent years, the government has been providing more and 
more loans to college students. Many government programs 
believed that this would be a more effective way to fund 
students’ higher education - because loans are given on 
an individual basis, it would be cheaper to fund each in-
dividual’s needs rather than subsidize tuition costs across 
whole schools. Additionally, the government would be able 
to collect interest on these student loans. However, many of 
these government-issued loans have proven to be inefficient 
due to a large number of students defaulting on their loans. 
In fact, almost 20% of students who accept loans eventually 
default; as a result, the government collects only about 50% 
of the original value of its total student loans. Student debt 
has become a pressing issue for the economy as the student 
loan system has become more pervasive; in fact, total out-
standing student loan debt amounted to over $850 billion 
last year, an amount even higher than credit card debt [8].

With the government only collecting half the original 
value of the loans it provides, it is clear that the current student 
loan system is highly inefficient. A very simple explanation 
for why more students have been taking out loans is that 
tuition costs have increased so dramatically that students 

cannot afford to do otherwise. However, there is a deeper 
explanation for this debt crisis.

It seems that many defaults on student loans are related 
to students’ turning away from public education. As stated 
earlier, public and community colleges have had to increase 
tuition and also lower expenditure on classroom resources 
since the government shifted from a subsidy-based student 
aid system to a loan-based system. This has led students to 
be more drawn to private institutions than public institutions 
in the past decade. Though private institutions are usually 
more expensive than public institutions, the government 
has made loans more accessible to students in recent years, 
so students have been able to take on large loans to pay 
for expensive private tuition costs. This is why we see an 
increased shift in enrollment in private colleges versus pub-
lic colleges; in the past decade, the rate of enrollment into 
private institutions increased by an average of 4%, whereas 
the rate of enrollment into public institutions increased by 
an average of only 1.5% [9]. Some of these students never 
pay off these loans simply because the loans necessary to 
pay the private tuition costs are too large. Other students 
may also turn to for-profit schools as a cheaper option for 
education; however, students who attend for-profit schools 
are much more likely to default on loans. Though students 
who attend for-profit schools make up 26% of the borrower 
population, they also make up 43% of all defaulters [10]. This 
is largely due to the fact that for-profit institutions appear 
to not properly prepare students for employment; recent 
studies have shown that students who attend for-profit in-

Reproduced from [14].
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stitutions on average face higher unemployment rates and 
lower salaries than comparable students who attend other 
institutions [11]. As we can see, this student debt crisis is 
largely due to a movement from public institutions to private 
and for-profit institutions. The reason for this movement is 
rooted in the fact that the government is pushing a student 
loan-based system instead of a government subsidy-based 
system.

Because the government is not making a good return 
on student loans, it is clear that the problem of rising tuition 
is not only relevant to families and colleges, but also to the 
government. The government is still right to invest in higher 
education; adults who graduate from college earn about 
$19,000 more per year than adults without a college degree, 
and they also pay about $5,000 more per year in taxes [12]. 
This means that with more college graduates, the average 
national GDP and government tax revenues increase. The 
government should be and is interested in providing aid to 
students who seek a higher education; however, the way it is 
going about doing this is inefficient. One essential solution 
to this is for the government to switch back to a subsidy-
based student aid instead of exercising a loan-based system.

If the government returns subsidies to public institu-
tions to the levels they were ten years ago, students will be 
more attracted to go to public institutions either because 
public tuition will not increase as drastically or on-campus 
resources will improve. With this enrollment shift back to 
public universities, private institutions may be more com-
petitive with their tuition pricing in order to attract stu-
dents. Some may argue that it is too expensive to increase 
these subsidies; however, it may be a cheaper strategy than 
providing student loans, since the government is currently 
only receiving 50% of the original value of student loans. 
If the government dedicates less money to loans and more 
money to subsidies, the student loans it does provide will 
be more efficient: Students will be less likely to default on 
loans because fewer will take out large loans to pay for 
private tuition costs or attend for-profit schools.

This shift back to subsidized-based student aid will 
have a large impact on the issue of rising tuition costs, but 
there are other solutions that are needed as well. College 

ratings, especially that of U.S. News and World Report, 
need to alter the criteria for high ratings. National ratings 
that use the amount spent per student as a determinant 
for a college’s rating only encourage colleges to increase 
their spending, thereby perpetuating the problem of rising 
tuition costs. The economic efficiency of a college’s tuition is 
a much better determinant for this; indeed, students want 
to get the most per dollar out of the tuition they are paying, 
so the top-rated schools should be institutions that produce 
the best results with the fewest funds.

Informing students about ways to reduce tuition can also 
be helpful. Again, the college market is different from most 
economic markets, and another difference is that colleges can 
greatly vary prices based on each consumer’s characteristics. 
More and more colleges are profiling students, meaning 
that they determine many students’ tuition costs based on 
certain characteristics of the students that they can observe 
[13]. Students can attempt to lower tuition prices by either 
reporting the offer one college has made to another college 
they have applied to, or they can directly negotiate with 
the college about the tuition cost. When students receive 
financial offers from colleges, they can take note of which 
college gives the lowest offer, and then use this as a bar-
gaining chip when negotiating the price of more expensive 
colleges. Many colleges are willing to negotiate the price of 
tuition, but because many students do not actively partici-
pate in the negotiation process, tuition prices remain high. 
Students can easily participate in this process by contacting 
colleges and inquiring about the cost of tuition, while also 
using other colleges’ offers as a tool to lower the price of a 
higher education.

The cost of a higher education is a complex issue, and it 
has become more alarming in recent years. There are many 
solutions to the dilemma of rising tuition costs, such as 
having the government adopt a subsidized-based student 
aid system, regulating how colleges are publicly rated, and 
encouraging students to actively engage in the bargaining 
and negotiation process with colleges. These solutions would 
benefit families who are pressured by rising tuition costs, 
colleges that are struggling from a lack of government fund-
ing, and the government, which is now losing large sums 
of money in the student loan market. 

Zach Branson is a sophomore at Carnegie Mellon University 
studying economics, mathematics, and creative writing. His 
primary academic interest is education – the economics of education, 
education policy, and the practice of actively instilling a satisfying, 
self-sustaining education in others.
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More Important than Money: Sleep
Eric Bai

Bleary-eyed vision and lack of concentration, the physical 
realities of sleep deprivation are unmistakable. With an 
estimated one third (50 to 70 million) of adults in the United 

States reporting insufficient sleep and a purported $15 to $92 
billion in annual economic losses as a result of sleep-induced 
negligence, inquiry into social assumptions regarding sleep 
becomes crucial [1]. While our time-honored notion of the man 
“early to bed and early to rise” as one who is “healthy, wealthy, 
and wise” remains firmly ingrained in our social consciousness, 
the traditional monophasic mode of sleep (sleeping at night) is 
an anachronism in a world where night no longer signals the 
end of the productive workday. Understanding the impact of 
valuing efficiency over health is possible only when we consider 
tailoring work to the worker rather than the worker to his work. 
 
The Development of Shift Work
Thomas Edison’s commercialization of the light bulb in the late 
nineteenth century marks the substitution of human labor with 
machine labor, when work could continue unabated day or night 
[2]. Our modern day glorification of the sleepless, overambitious 
employee as the epitome of the efficiency continues this trend 
[3]. Corporate executives schedule late-night dinners and early-

morning receptions in a bid to conduct as much business as 
possible in one day. Investment bankers wake up to the ringing 
of their alarm clocks at 2:30AM to track the opening of the DOW 
[3]. Still, others elsewhere work to fuel the lifeblood of a society 
built on the here and now. Packers, pilots, and truck drivers labor 
throughout the night to ensure timely delivery of packages. 
Airplane mechanics and highway repair crews work at night to 
avoid the bustle of daytime traffic. Doctors and nurses operate 
on-call to ensure the delivery of health care to those critically 
ill. As we grow to value Gross Domestic Product over Human 
Development Index, a combined measure of life expectancy, 
educational attainment, and income, we focus increasingly on 
perceived quantity of output over actual quality of work. We 
measure success by number of deals closed, number of packages 
delivered, number of miles travelled, number of patients seen—so 
much so that we forget to consider the productive possibilities 
of a work schedule tailored to respect our innate need for rest. 
The growing mechanization of industry in the mid-twentieth 
century resulted in an “economic democracy planned by all 
members of the industrial organization,” but failed to consider 
the “’neurobiological cost’” of operating on borrowed time [4,5]. 
Working in lieu of sleep is not without its consequences.

Reproduced from [13].
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What is Sleep and What is a Lack of It?
Harvard Medical School Professor Charles Czeisler divides the 
need for sleep into four factors: (1) an innate drive for sleep, (2) 
total amount of sleep over the past several days, (3) perception of 
time of day, and (4) “sleep inertia,” the drowsiness experienced 
upon waking up [3]. Sleep is not only the product of interaction 
between these four factors, but also the result of variations within 
each factor: caffeine or exercise can temporarily reduce innate drive 
for sleep; sudden changes in work scheduling can unexpectedly 
lower total amount of sleep; an unusually dark work environment 
may skew perception of time of day [5]. Chronic sleep loss is 
difficult to treat because of the considerable variability of factors 
contributing to the diagnosis. Despite these difficulties, when 
we consider that one out of every three Americans experiences 
difficulty sleeping, this issue becomes impossible to ignore [2]. 

Although sleep deprivation is prevalent, current shift 
schedules only compound this problem through their dismissal 
of sleep as a requirement for productive work. Sleep-deprived 
workers are not only a workplace hazard, but also a burden on 
the healthcare system. Workers short of sleep cost employers 
on average 8.8 days of wasted wages a year due to sick leave 
and lower efficiency and accrue $14 billion in direct healthcare 
expenses [6]. With the prevalence of shift work today, these hidden 
costs represent a widely-distributed threat manifested in many 
forms. In hospitals, sleep-deprived healthcare professionals make 
36% more life-threatening medical errors and five times as many 
serious diagnostic errors as their well-rested counterparts [6]. 
On roads, drowsy drivers account for 20% of all motor vehicle 
accidents and 8,000 deaths annually [3]. Preventable accidents 
stemming from a lack of sleep litter the annals of local and national 
media: the Exxon Valdez oil spill in Prince William Sound, the 
1988 Aloha Airlines accident, or the Joubert tragedy in Beaumont, 
Texas [2,3]. Taken together, it is unsurprising that a nine-year 
longitudinal study commissioned by the National Commission 
on Sleep Disorders Research found a 70% higher mortality rate 
for those chronically deprived of sleep [2]. Though the cost of 
foregoing sleep is substantial, it is too often ignored. 

A Different Mode of Sleep
Our symptomatic rather than holistic approach to illness seeks 

to conclusively address sleep loss with a pill. Despite the risk of 
addiction, Ambien remains the de facto standard for treatment 
of insomnia [3]. This methodology erroneously attempts to distill 
an intricate social phenomenon into a convenient, individually-
packaged solution. It would be more productive to examine the 
viability of napping regimens and alternative modes of sleep distinct 
from the traditionally monophasic. Although monophasic sleep 
enjoys a high degree of acceptance in our conventional mode of 
work, it is largely a social construct rather than a natural human 
tendency [7]. When deprived of external stimuli and sources of 
distraction, human subjects exhibit a napping schedule that closely 
approximates the four-hour polyphasic sleep cycles of newborn 
infants [7]. In societies with a more casual sociological order, or 
the less-structured lifestyle of the elderly, a biphasic pattern of 
sleep emerges [7]. In the course of physiological development, 
sleep begins as polyphasic, and, largely due to the constraints 
of school and work, gradually progresses towards the biphasic 
sleep of young children and eventually the monophasic sleep 
of adults [7]. 

Rethinking Shift Work Design
To maximize productive gains, industry increasingly relies 
on twelve-hour rather than eight-hour shifts [10]. Under this 
system, employees work longer hours and have less time to 
rest, exacerbating existing sleep deficiencies. The solution may 
be surprisingly simple: permission to nap. For the 15% of U.S. 
and Canadian companies that permit napping, the incidence 
of accidents and lapses in judgment has decreased by 30% [7]. 
Otherwise, altering scheduling systems to minimize sleep cycle 
disruption can also reduce issues stemming from extension of 
shifts [8]. Novel work schematics have already been successfully 
tested in a wide variety of settings. The Italian Air Force adopted 
a part-monophasic, part-polyphasic sleep schedule alternating 
daily which resulted in minimal reduction of attentiveness and 
performance [9]. This case demonstrates the feasibility of rotating 
sleep patterns within a single shift. A later Finnish study concluded 
that allowing for a twelve-hour period for sleep after moderate 
sleep deprivation was an effective means of restoring alertness 
compared to only a short rest pause and light exercise [10]. This 
scenario adopts a more traditional alternation between periods 
of activity and rest to combat sleep deprivation. Selection of an 
appropriate shift schedule depends on the set of conditions at 
hand, but, regardless of type, schedules must recognize sleep 
deprivation as a critical barrier to efficient operation in order to 
maximize productivity and well-being. 

Whether fixed or rotating, straight or oscillating, primary 
or staggered, implementing more desirable shift schedules 
preserves total amount of hours worked while dramatically 
increasing quality of time off [2]. At a Sandoz chemical plant, a 
new schedule deemed the “double long change” was so desirable 
that electricians and maintenance workers volunteered to rotate 
shifts round-the-clock. Total work time with this staggered shift 
remained constant, but work was scheduled more cohesively, 
allowing for greater predictability and improved overall well-
being [9]. Similarly, shift workers at Portland General Electric’s 
Beacher, Oregon plant voluntarily gave up pay to switch to the 
same schedule as the nearby Boardman plant, which offered 
thirty-one weekends off and up to ten weeks of vacation per year 
[9]. Enhanced efficiency during working hours at the Boardman 
plant allowed for greater opportunity to rest and also reduced 
total commuting time all without impacting business operations 
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families/wic/wicfamilies/education/img/babysleeping.jpg
14. Original image by Goya. Available from: http://www.nlm.nih.gov/hmd/goya/
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[11]. These optimized shift assignments prevent the buildup of 
sleep debt [9], guaranteeing alertness and preventing impaired 
performance due to fatigue [12]. Work schedules with fewer 
consecutive shifts and more frequent days off do not compromise 
efficiency. They do, however, decrease cost of operations by 
reducing emphasis on premium pay as a means to attract an 
intrinsically motivated labor force [9]. 
 

Employers vs. Employees: A Conclusion
When we consider the exhausted employee overseeing the safety 
gauges at a nuclear power plant or the overnight guard monitoring 
inmates in their cells, we must also take into account the demand 
for services generated by the growing importance of the night 
shift. While the economic importance of shift work renders it 
financially and productively indispensable, the enormous human 
cost of such work can be minimized by appropriate scheduling and 
collaboration between the worker and his organization, the manager 
and his company, and the doctor and his hospital [12]. While 
employers move to increase cohesiveness of off-time, employees 
must also learn to prioritize rest. In this sense, sleep deprivation 
is a personal, biological, cultural and economic phenomenon. 
While a personal issue, inadequate sleep stems from biological 
and cultural factors and adversely affects performance at the 
workplace. Only when we begin to realize that the emergent 
effect of sleep on well-being is greater than number of hours a 
night can we achieve the “freedom in industry” touted by early 
industrialists in our modern-day post-industrial society [4]. 

Eric Bai is a freshman at Brown University considering a double 
concentration in Biochemistry and Sociology. As a sleep-deprived 
college student, he always thinks about how much sleep he got last 
night and how much more he could have gotten. While brainstorming 
for topics, Eric thought about what sleep was like for everyone else in 
the world, and subsequently the idea for this article was born. Eric can 
be contacted at eric_bai@brown.edu.
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Satellites and Agriculture
Rok Nežič

It can safely be said that agriculture is not usually the 
first topic one thinks of when satellites are mentioned, 
or vice versa. Technological advances in agriculture are 

usually associated with genetically modified crops, improved 
machinery and irrigation systems. But while these advances are 
very important, the farmers of today are able to take advantage 
of developments in high-tech sector as well: computers, 
Internet, microchips and yes, even satellites help them to 
obtain and process increasing amounts of information about 
their land, thus enabling them to increase both the amount 
of land a single farmer can work effectively and the yield of 
crops [1]. As the world population and hence the demand 
for food are increasing, and the amount of cultivable land 
is limited, such advances are crucial for sustainability.

Currently the most prominent use of satellites in 
everyday life is for navigation. The Global Positioning 
System (GPS) and its counterparts, such as the developing 
Galileo system in EU, can be used in agriculture for a great 
variety of purposes. The most obvious one is equipping 

machinery with GPS receivers to improve the accuracy of 
sowing, fertilising and harvesting. This can be especially 
useful when working in low-visibility conditions, such as 
fog, rain or darkness [1]. GPS can also be used to track the 
elevation of a field to produce a topographic map and hence 
help to plan e.g. more efficient irrigation systems [2]. Looking 
into the future, many predict that remotely controlled or 
even fully computer-driven machinery, such as harvesters, 
which will be able to use GPS, sensors and a video camera 
to harvest the fields autonomously [1].

It should be noted that a raw GPS SPS signal for regular 
users (Global Positioning System Standard Positioning Service) 
is often not precise enough by itself; while some high-quality 
receivers can provide accuracy better than 3 m, this depends 
greatly on atmospheric effects, terrain and receiver quality 
[3]. The Galileo system will be able to achieve an accuracy 
of less than a metre on its own when fully functional [4]. It 
is already possible and often used, however, to correct the 
GPS SPS signal with a land-based or another satellite-based 

Reproduced from [13].
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signal or a similar augmentation system, which can provide 
accuracy to within a few centimetres real-time [3]. One of 
such systems is Galileo’s predecessor, EGNOS (European 
Geostationary Navigation Overlay Service), which combines 
the U.S. GPS system with its own satellites and ground 
stations, and is achieving an accuracy of around 1.5 m for all 
users in Europe [5]. An appealing option for some farmers 
might be to set up their own Real Time Kinematic or RTK 
base station, which can be shared by neighbouring farms 
and provide accuracy to within 2 cm [6].

It is, however, the extension of satellite-based navigation 
system usage that brought a revolution into agriculture: it 
is usually referred to as precision farming/agriculture or 
site-specific farming [2]. Precision farming is often defined 
as the “information and technology based farm management 
system to identify, analyse and manage variability within 
fields for optimum profitability, sustainability and protection 
of the land resources” [7]. This goal is not new, but new 
technologies now allow precision farming to be realised in 
a practical manner.

The main advantage of precision farming over standard 
methods is the amount of information available to the decision-
makers. Of course, the data has to be used efficiently, and 
this is where good management skills become important. 
Thus precision farming does not start and end simply by 
a farmer buying a GPS navigation unit, or a yield monitor; 
it requires an educated and informed farmer who realises 
that it is in his long-term interest to understand the natural 
resources in his own field and to use them sustainably [8]. This 
means determining the optimal amounts and distributions of 
various inputs – from fertilisers to herbicides – to maximise 
the quantity and quality of the crop whilst minimising the 
cost to the farmer and the amount of waste, pollutants and 
fertilisers such as phosphates released into the environment. 
This conserves resources, removes the risk of long-term soil 
and water contamination, reduces eutrophication and is 
in the long term beneficial to everyone: the farmers, the 
consumers and the environment. 

  Satellite navigation systems still form the core of practical 
precision farming. In order to track variation within a field, 
the variables measured are ideally tracked continuously 
across the field. To be of significantly greater use to the 
farmer than standard techniques, which often use averages 
across the field, spatial coordinates are required [7]. 

Yield monitors are quite widespread in agriculture 
already. They provide a crop yield by time or by distance, 
and they can also track other data such as distance and 
bushels per load, or the number of loads [8]. This can be very 
effectively combined with satellite navigation to enable yield 
mapping. Farmers are usually aware that some sections of 
the field have higher yields than others [7], but with yield 

mapping the information can be quantified and hence give 
the farmer valuable feedback on the general state of certain 
parts of the field, as well as on the effects of his management 
of each section earlier in the year.

Soil sampling is another technique that is already widely 
used, but is greatly increased in usefulness if coupled with 
GPS receivers and computers. Soil core sampling is usually 
made randomly, or by using a grid soil sampling technique. 
The samples analysed and a map of nutrient requirements, 
called an application map, generated. Such a map can be used 
by a computer and can provide a system to vary actively the 
amount and/or kind of fertiliser used depending on position 
in the field: variable rate fertilisers [7]. Core sampling can be 
done manually, which may be feasible for small fields, but 
cores can also be extracted using machinery such as tractors 
if proper core sampling tools are used. Moisture, salinity 
and even insect problems can be detected and plotted in a 
similar manner [8].

A combination similar to soil sampling and variable rate 
fertilisers is weed mapping and variable herbicide spraying. 
A farmer can mark the occurrences and types of weed on a 
computer using his satellite navigation unit and then equip 
controllers which regulate the sprayer booms intensity, and 
can even alter the type of herbicide used where necessary 
[8]. The weed mapping is one of the few techniques that are 
still more effective if the farmer does the actual mapping 
by hand, although some alternatives exist e.g. within the 
area of remote sensing.

Remote sensing represents another aid from technology, 
and it literally denotes collection of data from a distance. 
Such data collection can be made using satellite images, 
aeroplanes and even handheld devices. Crop health can often 
be tracked by remote sensing: crop diseases, problems with 
nutrients or moisture and other issues can often be easily 
seen from satellite images or aerial photographs, especially 
as the image resolution continues to improve. Images made 
with near-infrared cameras can tell a lot about crop health as 
well. If performed often enough, analysis of such data can 
help improve yield of the crop within a single season. [7]

Computers can help farmers track and respond to 
weather variability too: e.g. solar-powered weather stations 
in the field can provide a great amount of information on 
current air and soil temperature, relative humidity, wind 
speed, day length, intensity of solar radiation, et cetera [1]. 
Combined with imagery from weather satellites this can be 
a very powerful tool.

The major advantage of precision farming is not just the 
vast amount of information gathered, as mentioned earlier, 
but also the capacity for storing this information and being 
able to follow long-term trends and make detailed predictions 
for the future. In the long run, this will increase the yield 
and reduce costs and pollution. For example farmers will 

The main advantage of 
precision farming over 
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amount of information 

available to the decision-
makers.

The required upgrades 
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not need to fertilise entire field homogeneously, which is 
now causing fertiliser to be wasted [9].

There is, however, a major problem associated with 
precision farming: it is best suited for large farms, especially 
because the required upgrades – the devices, the data 
management software, etc. – tend to be quite expensive. 
Raw data can be of little use or require a lot of effort from the 
farmers to make interpretations [9]. This can be a major issue, 
especially for developing countries, but it can be overcome 
if the definition of precision farming is somewhat altered to 
accommodate the lack of technology, while still retaining the 
core concept, i.e.: “precise application of agricultural inputs 
based on soil, weather and crop requirements to maximise 
sustainable productivity, quality and profitability” [7].

European Space Agency (ESA), which has the required 
technology at hand, has recently decided to launch an initiative 
called TalkingFields that aims to combine all the positive 
aspects of precision farming into a single end-to-end service, 
which will be both cost-efficient and user-friendly – thus 
reducing as far as possible the two major problems of the 
method, and making it more appealing for small farmers [10].

Following a feasibility study in 2009, TalkingFields is 
currently in the phase of a demonstration study that will run 
until 2013, with several large intensive farms in Germany 
and in Russia participating [11].

The main feature that required involvement from ESA 
is the combined data processing of the satellite navigation 
systems and Earth observation satellites such as Landsat 

and Sentinel-2: ESA project, to be launched at the end of 
2012 [10]. Using a method of remote sensing, as mentioned 
earlier, the satellites can collect a wide range of information 
on the crop, e.g. biomass, nitrogen status, water content, 
crop maturity, pests and diseases [9]. These results are then 
combined with the data from field sensors, such as crop and 
weed mapping, moisture and salinity sensors and with any 
extra knowledge provided by the farmer to return detailed 
instructions on fertilising, herbicide use, etc. throughout the 
season. The instructions are mostly provided in the form 
of maps that can be combined with satellite navigation 
technology to be directly used by devices like variable rate 
fertilisers as the mechanisation is moving across the fields, 
without the need of the farmer to interfere [10].

The plan is to create a whole range of precision farming 
services within TalkingFields, from which farmers will be 
able to choose according to their needs. The data obtained 
from the satellite images will be fed into a sophisticated 
crop growth model, which will be further improved by the 
feedback data from the actual fields. 

The methods used by precision farming, and especially 
the TalkingFields service – the way in which data are 
collected, analysed and used – are actually an example of 
GIS technology (Geographical Information Systems/Science) 
that some may be familiar with. GIS is a broad term that 
combines all aspects of geography-related data capturing, 
analysis and interpretation, and has numerous applications 
outside the field of agriculture, such as engineering, plans 
of land use, company management, etc. [12].

Precision farming gives farmers the ability to optimise 
the choice and application of the crop inputs: fertilisers, 
pesticides, water, etc. This in turn reduces the cost of farm 
management, increases the amount and quality of the crop, 
and reduces pollution of the environment. While the idea 
of increasing the profitability and sustainability of a farm is 
very appealing, it still requires an educated farmer who is 
prepared to make a drastic change in farm management and 
bear the high investment costs. We can hope that with further 
advances in technology and with services like TalkingFields 
this method will improve even more, and become available 
to an increasing number of big and small farmers in both 
developed and developing countries. 

Rok Nežič is a second year student studying Physics at 
Homerton College.
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The Resilience of the Internet: 
the mechanics behind the revolution

Wing Chan

The new year was welcomed with fireworks, celebrations 
and a striking unconventional public protest: a virtual 
demonstration. A massive demonstration without a 

physical presence, but instead with crowds of websites, most 
notably Wikipedia, Wired and Google US, restricting their 
content as an illustration of what might happen should the 
US Government’s proposed SOPA (Stop Online Piracy Act) 
and PIPA (Protect IP Act) legislation come into force. The 
online technology news website Wired took a very visual 
interpretation of the “blackout” by replacing all of its images 
and text with blacked out rectangles as if their whole site 
had been “redacted”, a common form of censorship.

For 24 hours, web users worldwide frantically struggled 
to find ways to access Wikipedia’s content, as the online 
encyclopaedia has become the de facto source of information 
for millions of students and the general public. 

The actions of these websites and the thousands of users 
behind it (with protest headquarters headed up at www.
sopastrike.com) were a response to SOPA and PIPA that 
were going through the US congress at the time. However, a 
major issue raised was not with the efforts of the government 
to Stop Online Piracy, but instead with proposals in these 
bills to fundamentally alter the mechanics of the web. It is 
these mechanics that have enabled sites like Wikipedia to 
become so successful in such a short time.

One of the mechanisms of the Internet that makes 
Wikipedia’s user base so large is that of free access. Wikipedia 
is just one example of how the technology industry has 
upset many long-held business models of industries such 
as publishing, music, video and games. Wikipedia provides 
an ever-updating encyclopaedia, with accuracy comparable 
to the Encyclopaedia Britannica, yet online, searchable, 
and free. When Skype became popular, it threatened the 
traditional telephone model by offering free calls over the 
internet to anyone also using Skype.BitTorrent and other 
P2P (peer-to-peer) systems allowed the sharing of any type 
of file, making it easy to share and obtain copies of the 
latest albums, blockbusters, or games. These technologies 
have undermined the profits of the entertainment industry, 
and as a result, groups such as RIAA (Recording Industry 
Association of America) have fought back through legal action 
in courts and also in changing legislation. These industries 

have eventually adapted to the new reality, for example, 
the Itunes Music Store and the Amazon Kindle Book Store 
provide much revenue to Music and Publishing companies 
respectively, although often they have had to share their 
profits with the technology creators, in this case Apple and 
Amazon, who take commission for the service.

Another key mechanism is universal access. With the 
exception of restrictive countries such as Syria, North Korea 
and China (with its infamous “Great Firewall”), anyone with 
a device which has an internet browser can visit Wikipedia, 
either as a reader, an author, or even both. This has enabled 
collaborative editing and sharing on an unparalleled scale. 
However, both SOPA and PIPA propose methods for dealing 
with online piracy which aim to undermine universal access. 
It may seem at first glance that these acts may turn America 
into one of those afore-mentioned restrictive countries, which 
although sad, does not affect users in Western Europe or 
elsewhere. However, this could not be further from the truth. 
Canadian company Bodog had their domain name (Bodog.
com) taken over by U.S. authorities. This was legally possible 
because all hostnames ending in .com, .net, .cc, .tv and .name 
are controlled by VeriSign, which is a U.S. company. While it 
is possible for companies to take their websites over to other 
domains, such as .co.uk, or more exotic places like .tk, this 
also makes it harder for users to ascertain the legitimacy of 
the websites they visit. It is partly because of the regulation 
of the .com and .net domains that people trust them more 
than other domains, but now the regulation provides an 
expectation of web security also coupled with protection 
of the profits of the entertainment industry. 

Another key internet mechanism is search. As of March 
19 2012, worldwidewebsize.com estimates that the indexed 
web has at least 7.78 billion pages. As a result, search engines 
such as Google and Bing, as well as news aggregators like 
digg.com, have become essential in making the internet a 
useful place. Without them, we could not hope to meaningfully 
access so much data. PIPA threatens the integrity of such 
tools by forcing them to block websites deemed to be illegal 
from showing up in their results. This means that even if 
a website were to move over to a domain outside of U.S. 
jurisdiction, unless you knew the address, you would not 
be able to find it. 

These bills would also have had an impact on the Domain 
Name Service (DNS), which is the directory service for the 
Internet. One of the key challenges of the internet is to connect 
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two systems, which may be on the same computer, in the 
same room, or even on the other side of the world. To do 
this, every computer (including laptops, phones, tablets, and 
so on) is given a unique IP address by their Internet Service 
Provider (ISP), that looks like “172.16.117.1”. It is a testament 
to the growth of the internet that the current naming system, 
called IPv4, is quickly running out of addresses. Its successor, 
IPv6, is slowly being rolled out, but the switchover is not 
likely to happen for a while.

The designers of DNS decided that they needed it to be 
a distributed system, built to cope gracefully with failure. As 
a result, they mandated that there would be many servers 
that held small portions of the address book all around 
the world. This address book is very important practically, 
because humans are generally not good at remembering 
lists of numbers but are happy remembering www.ebay.
com. Without the DNS service, it would be similar to finding 
books based on ISBN number rather than book title. Also, it 
raises the issue that if somebody tells you that 172.16.117.1 
is the address for www.ebay.com, how can you be sure?

In order to interact with the DNS system, internet devices 
usually ask their ISP to make the request for them. As a result, 
the websites that are accessible to us are restricted based 
on what our ISP allows us to see. SOPA has been heavily 
criticised for its proposed changes to the DNS, which would 
allow the Attorney General to force ISPs to block or filter DNS 
requests for certain websites, thus breaking the key element 
of trust in the DNS system. In this scheme, users would no 
longer be able to distinguish between websites that were 
blocked, or websites that no longer existed.  Furthermore, 
these websites still may exist, thereby forcing desperate users 

to keep and even propagate lists of mappings themselves, 
which circumvents the purpose of DNS. 

That itself will create a dangerous environment for users, 
since these lists cannot be trusted and may be directed to 
replicas (with criminal intent). However, the greatest threat 
of the legislation is to DNSSEC. This is a new extension 
of DNS that provides greater security. DNSSEC provides 
cryptographically signed mappings from hostnames to 
IPs which criminals cannot alter without being detected. 
Under SOPA, this gives the Attorney General the legal 
right to sue any entity which attempts to circumvent the 
blocking order. Part of the DNSSEC requires web browsers 
to search many DNS servers (even looking overseas) until 
they find an authoritative DNS server which can return the 
correct IP address. The browser’s repeated searching can 
easily be interpreted under the legislation as an attempt to 
circumvent the blocking order. This will force browsers to 
not use DNSSEC, despite it being a key next step towards 
improved security for the internet.

On January12, 2012, after much protest, the portion of 
the bill related to DNS redirection was taken out of SOPA in 
an attempt, some might say, to the keep the bill alive. The 
battle between proponents of the bill and its opponents 
continues. Two months on, and both SOPA and PIPA are 
currently on hold due to opposition on technical and legal 
fronts. However, just as PIPA was a re-write of an earlier bill, 
the Combating Online Infringements and Counterfeits Act 
(COICA),  many expect similar bills to emerge in due course. 

Wing Chan is a second year student studying Computer Sciences 
at Trinity College.
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The Potential of Viruses in Medical Treatments
Elizabeth Richardson

Viruses present persistent dangers to human health 
and they have caused many of the most terrifying and 
lethal diseases throughout history, from smallpox to 

influenza and HIV. They are the smallest pathogens found 
in nature and one of the most mysterious; although several 
scientists in the nineteenth century speculated on the idea 
of a pathogen smaller than a bacterium, viruses could not 
be observed until the invention of electron microscopy in 
1931 by Ruska and Knoll. Despite massive advances in our 
understanding of viruses, they continue to cause some of the 
worst epidemics known. There is no antibiotic equivalent 
for the virus: the only weapons we have against the spread 
of viral disease are vaccinations and drugs that work by 
slowing, but not preventing, their replication. However, 
with advances in genetics and development of sophisticated 
techniques that allow material on the scale of viruses to be 
manipulated and modified, viruses are increasingly appearing 
in a different light. It is becoming probable that one of the 
world’s largest killers may become the unlikely saviour of 
twenty-first century medicine. 

Viruses consist of only a few elements. The genetic 
material at their core can be either double or single stranded 
RNA or DNA. The genome is usually extremely small, which 
enables rapid replication; influenza has 9 genes, whereas 
smallpox has  about 150 genes. Protecting this genetic material 
is a protein coat, which can allow the virus to survive for 
several hours outside the host cell. Once a virus has infected 
a cell, it will hijack the replication machinery of the host and 

use it to produce more copies of its own genome. Lacking 
a metabolism of their own, they are entirely dependent on 
the host cell to replicate in the purest form of parasitism. 

Viruses are best known as destructive and persistent 
killers. But what is it about a virus that makes them such 
a difficult pathogen to destroy? Viruses have evolved over 
time to do two things very well: infect cells and replicate their 
own genetic material inside them. Once a virus has infected 
a cell, it is almost impossible to kill the virus without also 
destroying the cell and viruses replicate extremely quickly – 
H1N1, the influenza viral strand responsible for pandemics 
from Spanish flu in 1918 to swine flu in 2009, can prove to 
be lethal to a newly infected mouse in just 4-6 days [1].The 
1918-20 pandemic resulted in the deaths of 50-100 million 
people. 

Fast replication and efficient cell infection make viruses 
deadly pathogens in every organism, from bacteria to plants 
and animals. However, the exact qualities that have made 
viruses so deadly are those that we can exploit for our 
own benefit. Since the first advances were made into the 

An adipocyte (3T3-L1 cell differentiated in vitro) infected with a virus that encodes the green 
fluorescence protein. The dark circles are lipid vesicles. Reproduced from [7].
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study of genetics, viruses have become a common vector 
for introducing recombinant DNA into a target cell. As 
viruses require very few genes themselves to survive and 
replicate – relying mostly on the replication machinery of 
the host cell – the viral genome can be replaced with another 
gene sequence that can then be carried into a cell. This has 
enabled significant advances in the techniques used to study 
genetics and today many common lab techniques require 
the use of viral vectors.

Though the use of viruses in studying genetics is 
extensive and the origin of many major breakthroughs in 
our understanding of the genome, use of viral vectors in 
genetic engineering has potential applications which extend 
far beyond academic study. In medicine, viruses that infect 
bacteria, called bacteriophage, are being considered as a 
potential antibiotic treatment. Bacteriophage infection of 
a bacterial cell will usually result in lysis: once the phage’s 
replication cycle is complete, the bacterium will rupture and 
die, releasing many more phage to infect further bacteria. 
Combined with the high specificity of phage - most species 
will only infect one bacterial strain - this property could 
result in an efficient antibiotic treatment with few side effects 
on our ‘good’ bacteria. There are still some issues with the 
therapeutic use of phage: occasionally the cell will mutate 
to be resistant to the bacteriophage. Nonetheless, this is an 
extremely important area of study, particularly considering 
the increase in bacterial infections which are resistant to 
conventional antibiotics [2]. 

Another use for which viruses are particularly well-
adapted is in the treatment of cancer, an area of medicine with 
potential for massive growth. There are striking similarities 
between the effects of viruses and carcinogenic mutations on 
cells, and this means than some viruses will preferentially 
infect cancerous cells over healthy ones [3]. These viruses, 
known as oncolytic viruses, can be engineered to further 
increase the specificity for tumour cells; for example, by 
placing a gene necessary for viral replication under the 
control of a promoter active only in tumour cells [4]. The 
virus may still infect healthy cells but is unable to replicate 
without the transcription factors associated with expression 
of a tumour-specific gene. Though the focus is often on 
finding viruses which can destroy the target cells, this is 
not necessarily the only use of viruses in treating cancer. It 

is possible to engineer a virus to express green fluorescent 
protein (GFP) in cancer cells, by making replication of the 
virus and expression of GFP dependent on the expression 
of telomerase – an enzyme associated with out of control 
cell replication - in the host cell [4]. GFP causes the infected 
cells to glow bright green under UV light – locating and 
removing all the cancer cells in a patient then becomes a 
relatively simple task. 

A clinical trial by Breitbach et al, published in Nature, 
shows one of the first successful applications of this technique 
using a modified pox, JX-594 [5]. This virus, a relative of 
smallpox, had been engineered to be oncolytic and was 
intravenously given to patients with solid tumours. The 
virus was able to reduce the size of these tumours by lysing 
the cancerous cells, and showed remarkably little expression 
in adjacent tissues. This showed that the virus was able to 
selectively target the cancerous cells and that it was safe to 
inject a genetically-engineered virus into patients, a vital 
criteria in the selection of viruses for treatments.

Another striking example of the use of viral vectors 
in the treatment of cancer occurred in 2011, in a patient 
suffering from leukaemia. A research group at the University 
of Pennsylvania modified some of the patient’s own T cells – 
cells in the immune system usually responsible for destroying 
damaged cells within the body – to kill the cancer cells, 
causing the patient to go into remission. Ten months later, the 
patient is still in remission. This is a dramatic improvement 
on current treatments for leukaemia, which can include a 
full bone marrow transplant, a dangerous procedure which 
carries a 20% mortality risk and only a 50% chance of a 
cure [6]. 

In this trial, some of the patient’s T cells were removed 
and modified to express a new antibody-like receptor on 
their cell surface called chimeric antigen receptor (CAR). 
This protein reprogrammed the T cells to attack all cells 
expressing another protein, CD19. This category of cells 
includes normal B cells but also, importantly, all of the tumour 
cells, and affects fewer off-target cells than conventional 
treatments[6]. The T cells were then reintroduced to the 
patient with the capacity for self-replication and the ability to 
target and destroy all the cancer cells, causing the leukemia 
to go into remission. These modified T cells were infected 
with HIV – the virus having been engineered to contain the 
CAR gene, and to be harmless to the patient [6]. 

Though the leukaemia trial was small, involving only 
three patients, the results now being observed from virotherapy 
were extremely promising for further development of the 
treatments. Ideally these results will be only the first, as 
more viral-based treatments are developed. The potential 
for medical benefit is incredible, now that we can engineer 
viruses from pathogens into unusual allies in the fight against 
disease. 

Elizabeth Richardson is a second year student studying 
Biological Natural Sciences at Murray Edwards College.
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An Interview with Nick Bostrom
Adam Casey

The Science in Society Review spoke with Nick Bostrom, 
the director of The Future of Humanity Institute and 
the Programme on the Impacts of Future Technology 

as part of the Oxford Martin School at Oxford University.

You are the director of the Future of Humanity Institute 
in Oxford. What are the aims of the institute?

The FHI aims to apply careful thinking to the big picture 
questions for humanity. For example, we analyse issues such 
as existential risks (threats to the survival of the human species 
and related hazards)  and how technology might transform 
fundamental parameters of the human condition. Recently 
we have been doing a lot of work on the future of machine 
intelligence, but our focus keeps changing depending on 
what ideas we get and where it looks like we might be able 
to do the most good.

There is a lot of popular concern about over-medicating 
certain conditions such as ADHD and depression. What 
do you think are the ethical implications of brain-altering 
drugs such as Ritalin/SSRIs?

There has been a lot of debate in recent years about the 
ethics of human enhancement. The issues are complicated, 
but fundamentally I think there is great potential upside if 
we can learn to use enhancement technologies safely and 
wisely. At the moment, the efficacy is not that great, so I 
would not advise any rampant use of current enhancement 
drugs. But in the longer run, it will hopefully be possible to 
develop technologies that safely increase human cognition, 
enrich our emotional wellbeing and extend our lifespan.

What do you think are the biggest risks humanity faces? 
Do you think we should be scared about the future?

I think the biggest existential risks are all anthropogenic. 
Humanity has survived all manner of natural hazards for a 
hundred thousand years – earthquakes, volcano eruptions, 
meteor strikes, etc. It is therefore prima facie unlikely that 
any of those would do us in within the next hundred years. 
By contrast, humanity will be introducing powerful new 
technologies in this century that will create unprecedented 
existential risks. Major existential risks might emerge from 
synthetic biology, advanced nanotechnology, machine 
superintelligence, and various kinds of technologies that 
might make it easier for totalitarian regimes to attain and 
hold onto power.

Humanity has obviously never been wiped out before 
now. How can we go about assigning a probability to an 
event like this?

There are a few existential risks for which there are available 
fairly rigorous methods for calculating a probability, such 

as meteor impacts where we can look at distributions of 
craters from past impacts or directly study near-Earth objects 
with telescopes to estimate the frequency of future events 
(although the real risk is actually lower than a straightforward 
extrapolation would suggest, since we might well be able 
to take actions to deflect a meteor on collision course with 
Earth in the future). Most existential risks, by contrast, can 
only be roughly estimated in a process that relies heavily 
on subjective judgement and some indirect considerations. 
However, it would be a mistake to focus most of our attention 
on the risks that are most easily estimated: all the biggest 
existential risks, in particular the ones that will arise from 
future technological breakthroughs, are shrouded in great 
uncertainty but are nevertheless most deserving of our 
attention.
 
What advice would you give to an undergraduate today 
worried about the long-term future of humanity?

There are actually career networks set up to give advice to 
people who want to reduce existential risks or otherwise 
maximise their beneficial impact on the world.  Some examples 
are: Existential risk network (http://www.xrisknetwork.com/); 
80,000 hours (http://80000hours.org/).
Some people might do most good by participating in relevant 
kinds of research. Others might contribute more by choosing 
a lucrative career and donating some of their income or 
using their influence.

What inspired you to study the topics you do? Was there a 
moment when you realised that transhumanism mattered 
to you?

I guess it just has long seemed obvious to me that these 
questions were really important. What was surprising was 
to find that they were mostly ignored by academia. The 
more important something is, the less research there is on 
it. One of the hopes with the Future of Humanity Institute 
is that we will be able to change this state of affairs and 
create more proportionality between the significance of an 
intellectual problem and the amount of brainpower being 
devoted to solving it.

Nick Bostrom. Reproduced from http://www.fhi.ox.ac.uk/press/resources
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The Science in Society Review

Advances in Melanoma Treatment

Nearly thirteen million cases of cancer were diagnosed this year, a figure that is expected to double by 
2030  [1]. The challenge of treating cancer stems from the fact that tumour cells develop from normal hu-
man cells. The differences between healthy and cancerous human cells are subtle and this makes it dif-

ficult for the body to distinguish and eradicate tumour cells. Consequently, much of cancer research aims to 
identify differences between cancerous and non-cancerous cells that can be used as therapeutic targets.
A new focus for melanoma therapies
Traditional chemotherapy uses toxic agents, such as 
doxorubicin or paclitaxel, which act primarily on rapidly 
dividing tumour cells. However, as any dividing cells 
are sensitive to these treatments, cells in the gut, hair 
follicles and immune system are particularly affected by 
these therapies. This leads to a wide range of unpleasant 
side effects including suppression of the immune system, 
anaemia, nausea, vomiting, infertility and hair loss. More 
recently, drug treatments are being targeted to specific 
molecules required for tumour cell growth to try to 
improve the effectiveness of cancer treatment and reduce 
the side effects due to off-target activity. This approach is 
known as targeted therapy.Targeted therapies are having 
a major impact on treatment of several cancer types, and 
in particular, melanoma. Melanomas account for a large 
proportion of the fast-growing number of cancer diagnoses. 
In 2008, around 200,000 cases of melanoma were diagnosed 

worldwide, and this figure is rapidly increasing [2]. The 
majority of melanomas are found on the skin, and these 
account for 75 per cent of deaths due to skin cancer [3]. 

More than 10 years ago at The Sanger Institute, 
Cambridge, a signalling protein called Raf was found 
to be mutated to an active form in around 8 per cent of 
human cancers and 50 per cent of melanomas [4]. Raf is 
central to combining extracellular growth signals with a 
cellular response such as survival or cell division. There 
are 3 types of Raf protein: ARAF, BRAF and CRAF. 
Several mutations in ARAF or CRAF are required to 
promote their abnormal activation. In contrast, a single 
mutation in BRAF is sufficient for its activation, and the 
mutated form of BRAF is no longer dependent on external 
cues for activity. In many types of cancer, BRAF is the 
predominant form of Raf that is mutated. Expression of 
mutant BRAF in mice drives the formation of tumours 
and the development of cancers including melanoma [5].

image reproduced from http://www.radpod.org/wp-content/uploads/2007/07/melanoma_met_ax_mprage_gd.jpg

Nicola Darling
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Development of a targeted therapy
One approach to treating cancers with an activating BRAF 
mutation is to block signalling downstream of the mutation. 
In some cases, cells with increased survival signalling from 
BRAF become more dependent on survival signalling 
pathways and therefore become ‘addicted’ to the BRAF 
signal [6]. A number of drugs that target the survival signals 
downstream of BRAF are currently in clinical trials. For 
example, AZD6244 [7] blocks the activity of the Raf target 
and is currently in Phase II clinical trials as a potential 
treatment for advanced melanoma [8]. However, a more 
direct way to target cancers with a Raf mutation, with less 
impact on non-tumour cells, would be to use a drug that 
specifically binds to the mutated, active form of BRAF.

Many drug discovery programmes, including 
Cambridge-based Aztex Pharmaceuticals, now use the 
screening of high numbers of possible drugs against 
a target to identify candidates for further research. 
Plexxikon, a small drug company based in California, 
performed a screen of 20,000 compounds against a 
number of molecules that have a similar activity and 
structure to Raf. From this screen, more than 100 
compounds were selected, and the structure of these 
compounds whilst bound to mutant BRAF was studied. 
A basic precursor was modified on a number of sites to 
improve its selectivity and ensure it would prevent the 
activity of mutant BRAF whilst not affecting the non-
cancerous form of BRAF. Out of these studies, the targeted 
therapy drug PLX4032 [9] was finally developed [10, 11].

Promising results
In clinical trials of PLX4032, the treatment of melanoma 
patients with BRAF mutations induced at least a 30 per 
cent reduction in tumour diameter (partial tumour 
regression) in 81 per cent of patients. Furthermore, 2 of 
the 32 patients treated showed a complete loss of all target 
tumours, classed as complete tumour regression. [12]

To investigate whether PLX4032 can improve 
overall survival in patients with BRAF mutation positive 
metastatic melanoma, 675 patients were treated with 
either PLX4032 or dacarbazine, a drug currently used 
for melanoma treatment. At 6 months, overall survival 
was 64 per cent in patients treated with dacarbazine, 
but 84 per cent in patients treated with PLX4032. [13] 

Benefits of the selective approach
The advantage of such a selective treatment against 
tumour cells rather than a more general chemotherapy 
is that by knowing exactly how a drug acts, it is possible 
to analyse downstream indicators of Raf signalling to 
confirm the effectiveness of the treatment. The selectivity 
of the treatment has also resulted in a smaller number of 
side effects when compared to dacarbazine, although a 
number of patients given PLX4032 treatment developed 
skin tumours particularly in sun-exposed areas of skin 
which required surgery. These tumours have been seen 
in response to treatment with a number of Raf inhibitors; 
however, patients did not stop PLX4032 treatment 
due to the development of such skin tumours [12].

With these successes it is not surprising that PLX4032 
received approval from the United States Food and Drug 
Administration (FDA) earlier this year as a treatment 
for BRAF mutation positive late-stage melanoma. 

Future challenges
Despite the positive clinical results of PLX4032 and its 
FDA approval, further work is required to address some of 
the shortcomings of this treatment. The main issue raised 
by clinical trials was the recurrence of melanoma due to 
resistance. Resistance can either occur due to a mutation in 
a cancer cell gained whilst the tumour is being treated with 
a drug, or a resistance mutation can be present in a cancer 
cell before a therapy begins. In both cases, a mutation that 
allows the cell to divide despite drug treatment will allow 
a resistant tumour that evades treatment to form.

To address these issues, cells grown in the lab 
and mouse models are being used to identify the key 
mechanisms of resistance to PLX4032 treatment. Two 
studies have determined possible mechanisms for the 
development of resistance [14, 15]. Future trials may 
investigate whether co-targeting BRAF and the resistance 
mechanisms using a drug cocktail could improve the long 
term effectiveness of melanoma treatment [16]. In addition, 
PLX4032 could be a beneficial treatment against other BRAF 
mutant positive cancer types, such as thyroid cancer [17].

Despite the research that is still ongoing on the 
mechanisms of resistance to PLX4032, the results of 
clinical trials so far highlight the potential for this drug 
in the treatment of advanced melanoma. In addition 
the use of this drug to treat only BRAF mutant positive 
melanomas is a step towards testing and characterising 
individual tumours to identify the most appropriate 
treatment. The successes of PLX4032 for late stage 
melanoma treatment highlight the importance for research 
into key mutations in other tumour types that could be 
critical for the development of similar targeted therapies.  

Nicola Darling is a second year PhD student from Jesus 
College, working at the Babraham Institute.

Possible points in the BRAF signalling pathway that can be targeted by 
drugs. Drugs currently in clinical trials target survival signals down-
stream of the BRAF pathway (left), while new drugs target the mutated 
form of BRAF directly (right). 
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Scans of patients before (left) and 
after (right) 2 weeks with PLX4032 
treatment, darker patches indicate rapidly 
dividing tumour cells. Taken from [11]
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Found in Translation

In October 2010, the European Medicines Agency placed a ban on prescriptions of Avandia, but only after the anti-diabetic 
drug had already caused 47,000 diabetics to suffer heart failure, stroke or death [1,2]. Sales of the blockbuster drug that 
once brought in £2 billion a year to GlaxoSmithKline plummeted after studies revealed its associated cardiovascular 

risks [3]. However, by the time legal proceedings began, the drug had already spent nearly a decade on the market.  
The number of recalled drugs, including Avandia, 

has increased steeply over the past six years [4]. In 2009, 
the number of drugs recalled by the FDA increased 
more than threefold compared to the previous year [5]. 
This high recall rate reflects a broader issue that has 
been afflicting the pharmaceutical industry, namely an 
attrition rate in drug development [6,7]. Now, only one of 
every ten drugs that begin a clinical trial ends up on the 

market, often because the drug is unsafe or ineffective [8]. 
With billions of pounds wasted in R&D and the health 

of countless patients hanging in the balance, the question 
remains: is there a better way to get drugs that are safe 
and effective onto the market? This is the question at the 
heart of a new discipline known as translational medicine, 
a way of thinking about how basic science research can be 
efficiently put into medical practice. The term has come 

Leila Haghighat
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to take on different definitions, but the consensus is that 
translational medicine is “bench-to-bedside” research that 
hinges on greater collaboration between pharmacologists 
and clinicians [9]. Put simply, translational medicine is 
regulation at the early stages of drug development that 
ensures scientists are addressing the right clinical questions. 

It is hoped that considering potential problems with 
drugs at an earlier stage of the development process will 
offer the potential to save time, money and resources. 
Failing to address clinical concerns early enough in the 
drug development process can have severe consequences. 

The case of Avandia
In 2003, for example, completion of the Human Genome 
Project provided such tremendous amounts of genetic 
detail that it popularised a one drug-one target approach 
to drug development [4]. The high selectivity of drugs 
developed with this outlook can minimise the detrimental 
side effects of therapy by targeting the precise molecule 
responsible for a disease. But, in practice, this approach 
has sidelined the importance of clinical considerations.

One drug developed on the basis of the one drug-one 
target approach is rosiglitazone, commercially known as 
Avandia [10]. Avandia binds to a family of receptors on 
the cell nucleus known as the peroxisome proliferator-
activated receptors (PPARs) [11]. These PPARs alter the 
expression of genes that regulate blood glucose and insulin 
concentrations. By agonising the effect of one specific 
receptor, PPAR-γ, Avandia makes cells more responsive to 
insulin and helps regulate type 2 diabetes mellitus. One 
possible approach to evaluate the efficacy of Avandia is by 

measuring the increase in the PPAR-γ activity of fat cells. 
However, this approach alone is overly simplistic, 

and may not have relevance to the overall physiology of 
a patient—indeed that was shown by the drug’s fallout. 
PPARs are involved in the pathways of multiple cell types, 
and a quantification of their expression in fat cells alone 
may only provide narrow insight into this interplay. A 
narrow analysis comes at the cost of overlooking relevant 
clinical outcomes, such as the detrimental cardiovascular 
effects that Avandia produced. A translational medicine 
approach would instead encourage scientists to investigate 
important clinical considerations at the early stages of their 
research, when there has been less financial investment 
and when fewer patients have been recruited in the study. 

A history of ‘regulation by scandals’
A look at the history of the drug development process 
shows the value of early consideration of clinical 
issues. In the past, the advancement of technology 
has been regularly checked by scandals that bring 
standards up to date with technological advancements. 

One example of how such internal ‘regulation by 
scandals’ has worked in the past is the commonly cited 
case of thalidomide. The use of clinical trials in drug 
development dates back to the eighteenth century; in 
1747 James Lind introduced the use of control groups 
when he found that citrus fruits in sailors’ diets prevent 
scurvy [12]. Randomized sampling began in 1923 
when the British Medical Research Council carried out 
a study on the efficacy of using streptomycin to treat 
tuberculosis [13]. Backed by sound statistics used to 

Reproduced from [19]
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Fig 2. Reasons for the attrition rate in drug development, in 1991 compared to 2000.
Reproduced from [20]

analyse the collected data, clinical trials presented a new, 
systematic way of testing the safety and efficacy of drugs. 

It took the thalidomide scandal of the early 1960s to show 
that clinical trials are only effective when conducted before 
licensing a drug. Originally manufactured by Grünenthal 
and marketed as a “wonder drug,” thalidomide grew in 
popularity among pregnant women who took the drug 
for its antiemetic properties to relieve morning sickness 
[14]. At the time, scientists did not know that thalidomide 
could cross the placental barrier and harm a developing 
foetus. By the time a clinical trial for thalidomide began in 
the US, 20,000 patients had already taken the drug; in the 
UK only 466 of the 2,000 babies born with limb deformities 
associated with thalidomide survived [15]. Because 
of problems with late clinical trials in the thalidomide 
scandal, legislators in the US passed the Kefauver-
Harris Drug Amendments Act in 1962 [16]. The act now 
specifically requires manufacturers to prove the safety of 
their drugs through clinical trials before marketing them. 

Thus, while the system of clinical trials introduced 
a new approach to drug development, they still required 
careful regulation in order to be of safe and effective use. 
Similarly, genomics has introduced a new and promising 
approach to drug development—the one drug-one 
target approach. But as the case of Avandia shows, this 
is an approach that still needs further refinement, which 
translational medicine may well help to provide [4]. 

The expanding field of translational medicine
In the past few years, translational medicine has gained 
international recognition as a possible solution to many 
of the problems of drug development. In 2009, Science 
launched an entirely new journal devoted to the field, 
duly called Science Translational Medicine [17]. During 
the same year, the open-access American Journal of 
Translational Research also began publication [18]. 
Institutes specifically focused on translational research 

have sprung up at such universities as Duke University 
and the University of Liverpool [19,20]. In the US 
alone, several dozen graduate programs have emerged, 
including PhD programs the Baylor College of Medicine 
in Texas; in the UK, similar master’s programmes have 
been developed at the University of Edinburgh and the 
University of Cambridge [21,22,23]. 

Perhaps the most vociferous advocate of translational 
medicine is the current director of the National Institutes 
for Health (NIH), Francis Collins. Shortly after being 
given the post by Barack Obama in 2009, Collins 
announced that translational medicine was one of his 
top five priorities [24].  In December 2011, the NIH 
announced its intention to create a National Centre 
for Advancing Translational Sciences (NCATS) [25]. 
Although the new centre sparked much debate due to its 
cost—in December 2011, Congress ultimately allocated 

Reproduced from [21]
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Gloomy Gene

Hippocrates first described the mental illness we know  as depression in 4 BC and hypothesised that it was 
caused by ‘melancholia’, literally the Greek word for black bile. The true cause, however, as we now understand 
is more due to changes in the functioning of the central nervous system (CNS) rather than the gall bladder.

Neurons, the principal messenger cells in the 
CNS, are able to signal to adjacent neurons by releasing 
chemicals, called neurotransmitters, into the space 
between them—the synaptic cleft. Disturbances in the 
regulation of one particular neurotransmitter, serotonin or 
5-Hydroxytryptophan (5-HT), has been implicated in the 
pathology of many mental illnesses including depression. 
The availability of serotonin in the synaptic cleft is a major 

influencer of mood and emotions. Many mind affecting 
drugs—both prescription or otherwise—work by altering 
the availability of serotonin in this cleft promoting more 
or less signalling to the receiving post-synaptic neuron  .

A transporter, called 5-HTT  , fine tunes the signalling 
response by promoting serotonin uptake by the messaging 
neurons and thereby controls the amount of serotonin in 
the synaptic cleft. It is of specific interest in understanding 
depression, as its level of expression varies significantly 
within the human population. It has been previously 
shown that the gene that encodes the transporter, SLC6A4 
,  is regulated by many different means. Upstream of the 
gene lie mini-satellite repeats of 22 to 23 base pairs—
basic subunits of DNA—in length, called the 5-HTTLPR. 
In humans the most common polymorphisms or allelic 
variations are to have long (L) or short (S) stretches 
of these repeats of 16 or 14 copies respectively. The 
longer version is associated with increased transporter 
production, and thus less serotonin in the synaptic cleft, 
whilst the short version produces less transporter and 
higher serotonin levels. Furthermore, a change in one 
single DNA base in the long copy (designated Lg or La 
depending which base, guanine or adenine), affects 
expression. Lg appears to mimic the same phenotype as 
S carriers including decreased transporter expression [1].

Given 5-HTT’s modulatory role, and the existence of 
different polymorphisms, there has been extensive study 
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$575 million for its establishment—Collins staunchly 
defended the centre as a necessary “catalytic hub for 
translational innovation” that would identify “bottlenecks 
in the therapeutic development pipeline” [26]. 

As it develops over the years, translational medicine 
can ensure that drugs are developed as carefully and 
cost-effectively as possible, from cell-based studies 
and animal models all the way up to human trials. 

Although the much of the findings of NCATS and 
other institutions devoted to the field still need to be 
borne out in further research, translational medicine 
shows promise as a means to bring pharmacological 
standards up to speed with technological developments. 

Leila Haghighat is a  MPhil student in Clinical Medicine at 
Churchill College.
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to determine whether the variations in the SLC6A4 gene 
increase vulnerability to depression. Initial studies in the 
mid 1990s seemed to corroborate this hypothesis, with 
a positive correlation found between possessing an S or 
Lg allele and an increased risk of depression. However, 
during the subsequent two decades larger, more 
statistically significant studies which take into account 
variability in human populations, such as sex, age and 
ethnicity, have not been able to reproduce this finding [1].  

It is increasingly clear that environment also plays a 
role in vulnerability. The notion that one polymorphism 
equals one disorder is unlikely to be true and investigation 
of genes in the context of environment is needed to better 
understand the processes underlying mental illness. In one 
study  [2], carriers of the 5-HTTLPR S variant were twice 
as likely to get depressed after traumatic life events such 
as child abuse or job loss. Whilst two subsequent studies 
replicated this finding, two others did not find a correlation 
with the  S /Lg variants and increase risk of depression [3].   

Dr Elaine Fox of the University of Essex is a 
leader in trying to understand these so called “gene by 
environment” (GxE) interactions. In her recent paper, 
published in Biological Psychiatry [4], Dr Fox and her 
colleagues hypothesised that discrepancies in finding 
positive correlations between 5-HTTLPR variations, 
environmental interactions and depression might be 

due to the S allele not being a vulnerability genotype  
after all.  The group thought that this allele might in 
fact represent what is known as a plasticity genotype, 
whereby the presence of the S or Lg polymorphism might 
actually increase an individual’s sensitivity towards 
both positive and negative environmental cues. To test 
their hypothesis, the researchers took advantage of an 
emerging therapy called Attentional Bias Modification 
(ABM).  This technique aims to bias a user’s attention 
towards a specific cue through presenting the user 
with two images and getting the user to perform a task 
that unconsciously biases them towards one image . 

In Fox’s study, participants were presented with 
positive and negative images side by side for 500 
miliseconds. Following the removal of the image from the 
screen, one of two targets- either horizontal (..) or vertical 
(:) dots- would appear in place of either the negative or 
positive images. Participants had to identify which pattern 
of dots appeared on the screen and response times to the 
stimulus  were measured. In training exercises, the dots 
would appear in the place of the positive picture 50% of the 
time and in the other 50% of cases they would appear in 
place of the negative picture. In phase 2 of the experiment 
however, the targets would appear only in areas of the 
screen occupied by either the negative or positive picture, 
thus subconsciously biasing the viewer to only one cue. 
Following this, volunteers were subjected to the target 
appearing with a 50:50 chance in place of the negative or 
positive picture, as in the training session. A quicker response 
time towards targets of the type to which the volunteer 
was trained represented an acquired attentional bias.

The team recruited a group of 116 students who had 
no symptoms of mental illness. Of these, 64 volunteers 
possessed low expression genotypes, namely the S or Lg 
alleles and 52 bore the high expression variant, La. The 
groups equally represented the sexes and each group was 
further equally divided into two sub-groups. Following 
identical training for all volunteers, one sub- group of 
each expression type was experimentally biased towards 
negative images, the other sub-groups was biased towards 
positive images. Importantly, there was no difference 
between any of the groups during training sessions, 
but a remarkable decreased response time in the low 
expression group when exposed to images to which they 
were trained, compared to the high expression groups.  

The research suggests that carriers of the S or 
Lg variants have greater cognitive malleability to 
environmental situations and are more able to develop 
neural circuits based on sensitive to external cues. Threat-
perception has developed as a protective measure for 
predator-prey interactions and thus a naturally arising bias 
towards negative signals may explain why some studies 
in the past have been able to correlate S/Lg variants with 
depression.  The La genotype therefore does provide a 
somewhat protective role from mental illness, although as 
the authors point out, carriers are also less likely to be able 
to benefit from attentional bias towards positive stimuli. 
The ability to learn to focus on positive cues might even 
confer an unknown evolutionary advantage. It has puzzled 
scientists that if the S allele were to correlate with increased 
risk of mental illness, it would actually be a debilitating 
disadvantage, and yet it is relatively prevalent – in Asian 
populations up to 60% people carry the S/S variant [1].

The mean bias scores for each genotyping group before attention bias modi-
fication (ABM) training and for both new and old images following ABM 
training for the positive (A) and negative (B) ABM training groups. AB-new, 
new images; AB-old, old images; AB-pre, before ABM training. Reproduced 
from [4]
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The research presents support for the growing field 
of ‘Therapygenetics’, whereby treatment for mental 
illness may be personally tailored depending on a 
patient’s genetic makeup.  Previously, another therapy 
technique, called Cognitive Behavioural Therapy (CBT), 
has shown an increased success rate in decreasing anxiety 
in children with the S allele of the 5-HTTLPR [5]. CBT 
aims to teach patients techniques to deal with negative 
thoughts and is thus a top-down coping mechanism. 
ABM on the other hand might represent a more useful 
technique that trains in a bottom-up manner, teaching  
patients to subconsciously not focus on negative cues 
thereby reducing harmful, negative thoughts in the first 
instance [6].  ABM therapy for addiction has already 
shown positive clinical outcomes, and could be used 
for many other mental illnesses [7]. Knowledge of 
whether patients possess S, Lg or La alleles may further 
help predict and improve outcome of these treatments. 

Between 2009 and 2010, the National Health Service 
spent over £6.3 billion on treating mental illness [8] and 
World Health Organization projections predict that by 
2020 depression will be a leading burden on healthcare 
in developed countries [9]. Efficacy of many common 
treatments, such as Selective Serotonin Reuptake 

Inhibitors (SSRIs) has come under considerable scrutiny 
in recent years; many antidepressants have poor long-
term success rates and sometimes also take many weeks 
to provide relief.  Interestingly, it is known that SSRIs 
show an increased success rate in patients possessing 
La alleles, this might be because SSRIs target the 5-HTT 
and with more transporter produce in “La” patients 
there are more targets for the drug and thus a bigger net 
increase in serotonin in the synaptic cleft is possible [1]. 

It is fast becoming apparent that one treatment 
strategy might not suit all patients. With decreasing 
sequencing costs there is potential to personalise therapy 
by genetic testing. In the meantime, further studies are 
necessary in a clinical setting to assess Fox’s findings  
,  and to further correlate therapy outcomes  with other 
variants of the 5-HTTLPR not mentioned here. In short, 
fighting disease with the right tools will increase positive 
outcomes and decrease the long-term burden of mental 
illness on health services, as well as improving treatment 
for patients suffering from these debilitating diseases.  

Nicola Stead is a fourth year PhD student at Downing College, 
working at the Babraham Institute.

Writings on the wall of a treatment centre for mental illnesses. Reproduced from [11]
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