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TOPIC:
You are assigned the responsibility to make decisions for allocating national
resources on research related to biological engineering that will shape
overall progress in the world for the next fifty years.
You have to set national priority and grant limited funds for research to develop technology focused
either on (1) problems customized for individuals (e.g., medical advances for individuals) or
2) problems that affect communities (e.g., food, water, energy and public health)
and bring broader societal changes.
Which approach will you choose and why?

Participants were instructed to submit a 1000 to 1200 word, original essay (all entries were submitted to
a plagiarism-checking serve. Five semifinalists were selected and invited to read their winning essays at
the 2011 Annual Meeting of the Institute of Biological Engineering (IBE) on March 4, 2011, in Atlanta,
GA. The final ranking of the essays were determined after the reading of the essays at the Annual
Meeting.
The top three winners will receive cash awards of $150 for first place, $100 for second place, and $75 for
third place. The first place essay will be reviewed for possible publication in the Journal of Biological
Engineering, the official journal of IBE. The following are the essays of the top three winners.

First Place –
The Importance of National Funding for Society-Level
Bioengineering Solutions

Sam Sun - Olin College of Engineering
Given limited funds, grant allocation inherently involves tradeoffs and sacrifices. Deciding which
grants to fund or regret can be particularly painful when many grants have merit. Still, thinking about
fund allocation is useful. It forces us to consider how innovative technologies may benefit society.
Traditionally, bioengineering straddled two realms, serving to improve individual health and
society-at-large. Bioengineers designed accurate diagnostics and targeted therapies. Tackling rare
diseases appeals to our ideals of equality, in which each individual is deserving of a normal lifestyle.
However, research money at the national level ought to focus on technologies capable of
bringing about broad societal change. Given that health-related research receives tens of billions of
dollars in federal support,i such a decision represents a departure from current policies focusing on
biomedicine. Nonetheless, this essay increased funding for society-level innovations for four reasons:
1. Neglecting large-scale problems risks systemic pathologies
2. Technology that improves society also improves the health of individuals
3. Innovation in biomedicine is more amenable to alternative funding options
4. As common goods, environmental resources require public investment
1) Systemic pathologies
Bioengineers that recognize the risks of obesity, energy shortages, and environmental
destruction have a moral obligation to prevent crises. Global warming represents an enormous threat
to humanity.ii A small rise in sea level could inundate coastal nations such as Bangladesh and the
Netherlands. The economic and humanitarian problems caused by Hurricane Katrina illustrate how
fragile coastline regions can be.
Large-scale problems may not be an imminent threat. For instance, years may elapse before
increased incidence of childhood obesity translates to more frequent diagnoses of heart disease.
Environmental problems, in particular, develop slowly. This gives biological engineers time to develop
solutions. The danger lies in the unpredictably of natural systems. Seemingly healthy fisheries may
spontaneously collapse.iii Chaos theorists suggest that such behavior may be due to high sensitivity to
initial conditions,iv a hypothesis that has unsettling implications for broader environmental problems.
Natural systems research may enable scientists to better understand human impacts on the

environment. Importantly, public funding would allow bioengineers to design solutions to mitigate or
prevent environmental disasters.
2) Society-level innovation improves individual health
Several healthcare problems require public health solutions, not biomedicine solutions. In the
last few decades, new medical technology has improved survival rates for acute illnesses such as heart
attack. As a result, healthcare will increasingly focus on managing chronic conditions.v Opportunities
exist for public health to promote healthier behaviors. For instance, only 50% of hypercholesteremia
patients were compliant with medications after six months, even though cholesterol-lowering statins
improve survival rates.vi New research may focus on ways to better educate and empower patients to
manage their own health. By facilitating health-conscious behavior modification, public health may
improve outcomes as much as new research on cholesterol treatments.
Though public health offers clear benefit to a society's well-being, solutions to tangential
societal problems will also improve health. Specifically, environmental degradation results in acute and
long-term consequences. Clean water ensures limited transmission of water-borne pathogens, while
bioaccumulation and algal bloom adversely impact human health. Grants for bioengineering research
may lead to monitoring tools and clean-up solutions, such as mercury-sensitive algae and toxinconsuming bacteria.vii
3) Alternative funding options for biomedicine
National funds contribute greatly to driving progress, but only represent public sector
investment. Biomedical enterprise is a mature economic sector. As such, biomedicine, especially as it
relates to immediate solutions to clinical problems, can secure funding through company R&D budgets
or private equity. Dr. Folkman’s early angiogenesis research was made possible through a $23 million
grant from Monsanto.viii In addition, the pharmaceutical industry spent $49 billion on R&D in 2004,
more than the NIH’s $28.5 billion budget.ix The drug, device, and diagnostics industries have an
established track record of solid earnings, and therefore have the ability and the motivation to support
disease-related research.
Admittedly, private funding may neglect some diseases. It would be reprehensible if funding
society-level innovation left bioengineers financially unable to help individuals with severe diseases.
Therefore, governmental agencies such as the FDA ought to incentivize private spending and reduce the
steep cost of drug development. Congress approved a pro-innovation strategy with the 1983 Orphan
Drug Act. The law expedites clinical trials for rare diseases and grants stronger patent protection.x By
harnessing market forces, it allows companies such as Genzyme and Pfizer to develop treatments for
rare, incurable diseases. Such strategies may allow bioengineers to work on ethically compelling and
economically appealing health challenges.
4) Public investment towards environmental solutions
Government funding is perfectly suited for many environmental problems. Governments, as
permanent entities, ought to invest in useful technologies with a long time-to-market. Some promising
bioengineering solutions to the energy crisis rely exclusively on well-funded venture capital firms.xi
Unfortunately, many environmental solutions are important, but not immediately marketable. For
example, any technology capable of reducing carbon dioxide emissions or sequestering atmospheric
carbon might not generate a profit. Combating global warming is important. However, the lack of

carbon credits or a carbon tax,xii combined with the uncertainty surrounding governmental decisionmaking, makes private investment unlikely.
Given the lack of private funding, public research funding is not proportional to the importance
of environmental problems. Many society-level problems arose because of the “tragedy of the
commons.”xiii Degradation of water, coastlines, and biodiversity represents a small, negligible cost to
individual companies, but a large cost to society. Natural capital and environmental services are a
valuable resource with an estimated value of $33 trillion per year.xiv
Oil-consuming bacteria and other bioengineered microbes can combat environmental problems.
Extensive public investment is required to protect environmental common goods, both for their
aesthetic value, and their economic value.
Conclusion
Funding for society-level solutions will not only prevent possible catastrophes, but also improve
the health of society as a whole. Developing system-level solutions does not prioritize communities
over individuals. Instead, protecting the community is also the best way to ensure the well-being of
each individual.
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Second Place –
Solving Community Problems- A Polio Case Study

Allison Mettler – University of Nebraska
John Donne once wrote “No man is an island, entire of itself; every man is a piece of the continent.” The
same logic could be applied to the ethical debate of individual versus community. While a community is
only as strong as its individuals, a group of strong individuals does not necessarily make a strong
community. Though there is not a ‘right’ answer regarding which is the better approach in distributing
resources and targeting areas for national funding, it can be argued that the best approach in the eyes
of an engineer is to focus on the community – make the biggest improvements for the most people
possible.
The engineering code of ethics published by the National Society of Professional Engineers (NSPE)
reiterates the “direct and vital impact” engineering has “on the quality of life for all people.” Its
fundamental canon states the engineer’s first duty is to “hold paramount the safety, health and welfare
of the public1.” It is also important to note that the individual and the community can never really be
divorced into separate entities for it takes the complete cooperation of individuals to make a widespread public campaign effective. One particular event from history serves as an excellent case study for
utilizing this holistic approach for public health.
Polio is a potentially deadly and debilitating disease, easily spread between individuals, primarily
through contact with infected feces but also through contaminated water and bodily fluids2. Although
most infected persons never show any symptoms of infection, they can still spread the virus to others.
Polio’s iconic image, however, was painted by the 1 in 200 infected persons that actually experienced
irreversible paralysis from the virus3.
Despite increased awareness of good hygiene practices and improvements in sewage management and
treatment systems, the spread of this dreaded childhood disease peaked in the United States in 1952,
when more than 21,000 cases2 of paralytic polio were reported. On April 12, 1955, Jonas Salk
announced the success of his Inactivated Polio Vaccine (IPV). The vaccine was the culmination of years
of research for the improvement of public health. The added success of Albert Sabin’s live, oral vaccine
in 19634 led to a world-wide battle against the spread of poliomyelitis. The World Health Assembly
launched the Global Polio Eradication Initiative in 1988. With the help of the World Health Organization,
Rotary International, UNICEF and the Center for Disease Control and Prevention, the number of polio
cases has decreased by 99% globally3 and by 2008 only four counties in the world, including Nigeria,
India, Pakistan, and Afghanistan, remained endemic for the disease5.
Today, poliomyelitis is making a resurgence, challenging politicians, as well as biological engineers to
change their approach for achieving the eradication of polio around the world. Robert Scott, chairman
of Rotary International’s Polio-Plus committee made the observation: “Polio eradication hinges on

vaccine supply, community acceptance, funding and political will.5” There are no problems with the
supply of the vaccine and the organizations heading the eradication campaign provide the political
power as well as the funding. The obstacle that remains is community acceptance.
Engineering is a profession where the safety and health of the public is of paramount concern. The
community approach favors the elimination of individual favoritisms and discrimination when allocating
both physical and intellectual resources. Improvements become widespread and available to the largest
population possible, inherently creating benefits for individuals. In showing the public the ethical
benefits and advantages of taking a community approach, polio and other treatable diseases can be
effectively eliminated.
A community, like a continent does not exist without the individual entities that comprise it. The health
and safety of each individual are taken into account when problems arise among a community. Most
times, the individual has a positive influence on the outcome of community projects. Using polio as an
example, both Salk and Sabin’s polio vaccines have been used in the eradication campaign4. These
vaccines are able to accommodate individual needs in relation to economic resources, access to medical
supplies and facilities as well as the strength of each person’s immune system. Even
immunocompromised individuals can be vaccinated without risking viral infection.
The drive to eradicate the poliomyelitis virus from entire populations led to advancements that would
make living in a polio-free world possible for all individuals. Clinical trials for the vaccine were performed
on a group of individuals, who, like most clinical studies, were likely selected using inclusion and
exclusion criteria designed to “identify appropriate participants and keep them safe6.” Of the hundreds
of thousands of children and other individuals that participated in Salk’s vaccine trials, only 260
contracted the virus as a result of incomplete activation of the virus in the IPV, which led to 10 deaths4.
These few individual sacrifices improved the safety of the vaccine for the rest of the world’s population.
Just as individuals aid in changing their community, individuals can also hinder the engineer’s role in
improving public safety. Extremist groups in Nigeria5 and Pakistan7, two of the world’s four remaining
endemic countries, effectively spread rumors that the vaccine caused sterilization in its recipients. This
led to a year and a half pause in the eradication campaign in 20035. The pause in vaccination efforts in
combination with increased mobility and world travel by individuals caused 25 countries throughout
Asia, Africa and the Middle East to experience reinfection3, reversing progress made since the
eradication campaign’s birth in 1988.
Overall, polio provides an excellent case study for the ethical debate between community and individual
focuses. It demonstrates the complex relationship that makes the community and individual inseparable
entities while demonstrating the power of a focus on community dilemmas. National funding, aimed at
influencing change throughout the world and helping the most people with the least risk possible, is
best spent researching problems affecting communities; the individual will benefit as a result of
community advances and the fear of disease and death can easily be eliminated.

References
1
“Code of Ethics for Engineers.” National Society of Professional Engineers. Jan 2003. Print.
2
“Polio Disease – Questions and Answers.” Center for Disease Control. 6 April 2007. Web. 2 Sept 2010.
3
“Poliomyelitis.”World Health Organization. Jan 2008. Web. 2 Sept 2010.

4

Maybury Okonek, B.A. and Morganstein, L. “Development of Polio Vaccines.” Access Excellence Classic
Collection. The National Health Museum. n.d. Web. 30 Sept 2010.
5
Zaracostas, John. Failed vaccine campaigns may lead to polio resurgence, experts warn. BMJ 2006;
823(7573).
6
“Understanding Clinical Trials.” Clinicaltrials.gov. National Institutes of Health. 20 Sept 2007. Web. 30
Sept 2010.
7
“Resurgence of Polio.” The Express Tribune. The Express Tribune News Network. 30 Sept 2010. Web.
30 Sept 2010.

Third Place –
The Ethics of Biological Engineering: Community versus the
Individual

Spencer Sokoloski – University of Maryland
Biological engineering involves the research, manipulation, and quantitative understanding of
biological systems in order to improve human health and raise the standard of living. The vast majority
of research that is now underway in biological engineering directly relates to the most pressing and
controversial issues of today. Humans have made great strides in medicine, public health, and
biotechnology during our short inhabitance of this planet. Even so, we seem to be plagued by a neverending list of diseases, crises, and catastrophes that threaten the well-being of humanity. In today’s
world, we face cancer, deadly diseases, environmental degradation, and poverty. For centuries, mankind
has tried to overcome these troubles, but there still seems to be much work to do. One of the largest
constraints on the progress to be made is money. Money is needed for research. Money is needed for
prototypes, and for the mass production of an innovative technology. Money is needed to realize the
design of a project, even after the problem is solved on paper. In the real world, the grueling and
gradual process of biological innovation is made slower by the limitations on funds.
The issues that relate to biological engineering can be divided into two major categories. On one
side, there are the problems that relate to the individual, such as non-communicable illnesses,
disabilities, and emergency medical attention. On the other side, there are the issues that affect the
community as a whole, such as environmental health, poverty, and epidemics. The life expectancy in the
United States is 78 years (Central Intelligence Agency), and the three leading causes of death are heart
disease, cancer, and stroke (Office of the Associate Director for Communication). In the Republic of
Congo, a characteristically poor nation, the life expectancy is 54 years. The leading causes of death are
HIV/AIDS, malaria, and measles, all of which are communicable diseases (Central Intelligence Agency).
When infectious diseases are so widespread in a nation that they are the leading cause of death, it is a
problem in itself, but it is also symptomatic of other problems in the community.
While cancer and cardiovascular diseases are indeed tragedies that deserve their own attention,
they simply do not scale up to the impact that poverty and malnutrition have on third-world nations
around the globe. For this reason, it is crucial that the funds for biological engineering research be
designated for combating the epidemics, starvation, and environmental problems that exist in
developing nations. Because of the nature of these issues, it follows that the funds should be used on
problems that affect communities rather than problems customized for individuals.
The most logical decision is to focus attention on the illnesses that are most widespread. The
most fatalities and suffering come from the problems that affect the most people. Global flaws in public
health, especially those in third world nations, have a heavier presence than flaws in individual health.
The reason is simple: a problem in the community amounts to a population of people who are

negatively impacted, while an isolated illness affects only the individual, or at most, the few. In a
poverty-stricken village of Ethiopia, a man may fall and break his leg. And without modern medical care,
the wound may become infected, and he may die. Meanwhile, the crops of the village may fail for any
reason, ranging from drought to plant disease. This famine may kill the entire village. In both instances,
the problems could be prevented or resolved with biological technologies. Nevertheless, the famine
would have been more deserving of outside help, in the form of an agricultural research project. In due
time, the village also requires modernization of its first aid techniques, but with limited time and money,
a reliable food source is a more important matter. Human struggles that concern an entire population
should be addressed first.
Poverty, although a social, political, and economic problem, has many negative biological effects
on a society. It is estimated that 1.2 billion people worldwide are undernourished, meaning they do not
receive the necessary daily caloric intake (World Hunger Education Service). Especially in children,
undernourishment devastates the immune system and increases the threat of illness and infection. The
poverty of developing nations also means they must use cheaper, out-dated agricultural practices. In
many cases, these practices are damaging to the land. In Africa, the overgrazing, over cultivation, and
slash-and-burn clearing by farmers have significantly contributed to the expansion of the Sahara desert.
As arable land diminishes, the populations of North Africa and sub-Saharan Africa are more threatened
by drought and famine. Each of these cases describes a problem found in the community, and such
problems require preventative solutions. Rather than addressing each instance where these problems
have occurred, it is important for researchers to find ways in which these problems can be attacked at
the source. To prevent a drastic loss of agricultural land in the future, it is more important to educate
farmers about modern agricultural practices than to remedy the land areas that have already become
desert. Likewise, it is more important to bring medical technologies into communities in order to
prevent the spread of disease, rather than attempt to cure the disease all at once.
In the end, the biological issues of the world cannot completely be separated into a community
level and an individual level. A crisis in the community affects the individuals who comprise community.
Likewise, an illness in many individuals of a population may be attributed to the community. Sometimes
it becomes difficult to draw the line. For example, cancer is a non-contagious disease that results from
error in the genome of an individual, and its risk inevitably rises with age, but cancer may quickly
become defined as a community problem when a carcinogen has leaked into the groundwater of a
neighborhood from a nearby waste site. Almost every illness or injury can be analyzed from a specific,
individualized perspective or from a broader, societal perspective. The point to remember is that even if
government funds for research are allotted for problems that affect communities, it is the individuals of
the community who experience a healthier lifestyle as a result.
The most critical scenarios must be solved with immediate aid to the community, and later
response to the individual. This strategy can be compared to trying to save a sinking boat. As a leak in
the side springs water into the boat, the first instinct of the crew is to bail the water out with buckets,
but the boat is still headed toward disaster until the leak itself is plugged up. Once the leak is fixed, the
water in the boat can be tossed out. Along the same lines, it is important that biological engineering
efforts are first used to extinguish the sources of problems that lie in a community, and afterwards to
address the damages observed among the individuals.
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