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Humanity 2.0
Adenine. Cytosine. Guanine. Thymine. It’s still rather hard to believe, but
on June 26, 2000, the entire human genome—over 3 billion pairings of
these four base molecules—was decoded by the Human Genome Project.
Little more than ten years later, due to continued groundbreaking scientific
advancements in biotechnology, subjects normally relegated to the pages
of science fiction such as human perfection and even immortality have
become topics of renewed interest and serious debate.
Mona Nemer
Professor and Vice-President, Research

The quest for human improvement through biomedicial means indeed
appears to be unstoppable in the developed world, and the promises of
transhumanism—slowing or eliminating aging, and greatly enhancing
human intellectual, physical, and psychological capacities—are now
much more tangible and achievable goals than ever before.
The imperfect human clay that has thus far given shape to our minds and
bodies is now in the midst of profound potential transformations. With
startling advances in robotics, artificial intelligence, telecommunications,
and genetic engineering, to name only a few, we are entering an age where
technology isn’t merely an extension of ourselves, but a part of ourselves.
Yet this drive towards the “post-human” has also raised red flags and given
rise to heated discussions, debates, conflicts, and a great deal of research
on the future of the human species. Should there be a limit to human
improvement? Are “upgrades” going to be available for everyone, or only
the rich? How far are we willing to go in order to change ourselves? Are
we ready for these changes? Will they alter human nature?
In this issue of Research Perspectives, “Our post-human future,” our
researchers will explore these questions and other key issues associated
with emerging technologies, in light of the game-changing developments that
are occurring—both in their respective fields, and in their research here at
the University of Ottawa—developments that promise to fundamentally
change individuals, communities, and perhaps even humanity itself.
It is my hope that the thought-provoking discussions presented in this
issue give you the opportunity to reflect on our post-human future.
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ust as we now spend a large part of our lives interacting
with electronic equipment that helps us communicate
with one another, we will soon be interacting
with robots and learning how to communicate
with them.

If Lewis Carroll had been more mechanically inclined, Alice in
Wonderland would likely have resembled a trip through Emil
Petriu’s laboratory in the University’s School of Electrical
Engineering and Computer Science. All around the lab are
scattered the carcasses of automated wheelchairs, vacuum
cleaners and lawnmowers, along with the skeletons of wouldbe humanoid robots.
Meanwhile, Petriu eagerly shows off one of his latest purchases,
which is far from high-tech. He holds an anatomically correct
model of a human skull, complete with a spring-loaded jaw
that authentically replicates the movement of the lower face.
This feature is what appeals to him as he plans to mount a set of
actuators on various parts of the skull surface, which will then
be covered with an elastic skin. The goal is a mechanical yet
highly lifelike face, capable of representing human expressions
ranging from surprise to anger.
Petriu and his colleagues are at the forefront of an emerging
society that will be populated not just by people, but also by
machines—and combinations of both. They are hard at work
designing some of the fundamental mechatronics elements
that will usher in this development, such as intricate prosthetic
limbs and sensors that can convey large amounts of information through a sense of touch.
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“We are using biology as our source of inspiration, noting that
human beings are most comfortable interacting with devices
that move and respond the same way we do,” the professor says.
Nevertheless, Petriu sets aside the worst fears of science-fiction
writers, insisting that we will always be able to tell even the
most lifelike robots from human beings. Nor does he even
believe that robots need to look like human beings. Instead,
they must be user-friendly in some important ways.
For instance, a prosthetic hand may be able to replicate all the
functions of the original, but if it feels cold, it will never seem
like an adequate replacement. Petriu suggests that it would be
relatively simple to warm up the surface of the prosthesis to
match our skin temperature, and so make it feel more like a
part of the body.
A similar consideration will apply for the robots that are
expected to be put into service for nursing or home-care
assistance. If a robot has to come into physical contact with a
person, the interaction will be much more comfortable if their
“skin” is warm to our touch.
Petriu makes a similar case about providing a robot with a
detailed face, regardless of how little the rest of the machine
might resemble a person. He cites no less an authority than
Charles Darwin as one of the first scientists to identify the primary
value of facial expression for interpersonal communication.
A field that later created a formal coding system to link various
expressions with particular combinations of muscles. This
same system provides the basis for programming the movements of the artificial skin over Petriu’s newly acquired test
skull, so that the resulting expressions strike us as familiar
and authentic.
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Petriu considers this step a major leap
toward incorporating robots into networking technologies that are shaping how
we socialize. “Our society is becoming
more and more disconnected,” he suggests, pointing to a new generation of
individuals who spend much of their
time socializing without actually being in
the presence of other people. If those
individuals find that they miss the physical
companionship of others, the presence of
a robot could meet this need—without
any of the complications of a typical
human relationship. “We are, after all, still
social beings,” Petriu observes.

“We are using biology
as our source of inspiration.”
– Emil Petriu

In fact, Petriu believes, this relationship
may ultimately become a symbiotic one—
with robots acquiring new human-like
capabilities, even as we obtain new
services from them. Such an idea may
seem surprising, or even disturbing, for
those of us who still inhabit a largely
robot-free social sphere, but from Petriu’s
cyborg-society vantage point, it makes
perfect sense.
“You can do this work theoretically, but
you get a different perspective,” he says.
“We have real things here, real problems.
In trying to solve them, you wind up
making real contributions.” RP

www.research.uOttawa.ca/perspectives
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W

hat predicts the function and fate of a
living cell? Andrew Pelling and his
team work and play at the interface of
art and biophysics to examine rarely
explored factors in cell function
equations—the mechanical factors.

As a Canada Research Chair cross-appointed
to the physics and biology departments at
uOttawa, Andrew Pelling heads up a busy
lab on the cutting edge of multidisciplinary
cell research. Pelling also makes time to pursue
related interests in bioart—that strange
conjoining of imagination and hard science.
Pelling often collaborates with German media
artist Anne Niemetz and was a visiting professor this spring at SymbioticA, an artistic
laboratory of life sciences at the University of
Western Australia.
“Admittedly, the boundaries between all these
projects and disciplines become blurry,” says
the inquisitive researcher. “Often my students
are helping out on the bioart stuff as well,”
Pelling says. “It’s fun for everybody.”
Although the outcomes of his research may
hold serious benefits for human health and
longevity, the words “fun” and “play” are
important in Pelling’s vocabulary.

At the curious interface of

ART and CELL
RESEARCH
by Tony Martins

“I love exploratory, curiosity-driven research,
and I think I’m good at working that way,” he
explains. “The world needs specialists, but
there is still a lot of room for play—especially
in a lab… I think this only creates more
interesting ideas and innovations.”
One way that Pelling and colleagues seek to
innovate is through an exploration of how
the mechanical forces at work in the movement of muscles, organs and blood affect
cells. They examine such questions as the
impact of the stretching and contracting of
lung tissue during breathing and of high
blood pressure on the aorta.
“It’s been shown, for example, that stem cells
respond to the stiffness of their microenvironment,” Pelling explains. “We can cause
them to follow different fates just by changing
how soft or stiff their microenvironment is.
No drugs, no chemicals, no gene transfer.
Just mechanics regulating stem cell fate.”
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“Some require physical stretch—not a biochemically induced conformational change—to expose
a binding site in order to do their job,” Pelling
says. “The shape of many cellular structures, for
example the flagella, have evolved the way they
have because any other shape would not have
worked. This is due directly to the physics of
the environment.”
Among the obvious applications for Pelling’s
research are the detection of and treatments for
diseases that stem from inhibited mechanical
properties, genetic mutations or biochemical
cues. The less obvious applications, however, are
what really pique this scientist’s curiosity.

“I love exploratory, curiosity-driven research,
and I think I’m good at working that way. The
world needs specialists, but there is still a lot
of room for play—especially in a lab.”
– Andrew Pelling

Pelling is quick to point out that mechanical forces affecting cells are
not necessarily a bad thing. In fact, the opposite is usually true. Our
bodies require these mechanical dynamics to function normally.
“Where things get problematic,” adds Pelling, “is when a cell loses its
ability to respond properly to these mechanical forces and cues or loses
sensitivity to the properties of the mechanical microenvironment.”
In addition, when forces within the body become unbalanced (as
happens with high blood pressure), cells can respond adversely.
“The effects of higher blood pressure are numerous,” Pelling explains,
“but one is that the pressure weakens the structure and mechanical
properties of the aorta—often resulting in aneurysm.”
Pelling’s mechanical investigations are somewhat unusual because
science has traditionally focused on biochemical factors, such as the
genome, when studying cell behaviour.

“What is most interesting to me is the use of
mechanical, topological and physical stimuli to
dictate or control cell fate, differentiation and
morphogenesis,” Pelling states. “The end game is
designer organs or hybrid bio-silicon-electronic
devices, not necessarily for transplanting into
humans but as tools.”
To indulge these curiosities, Pelling’s lab applies a
range of cellular manipulation techniques, such
as gene insertion to tag proteins, as well as the
use of scanning probes, optical microscopes and
a range of custom-built “stretchers.”

“It’s amazing how poking, pulling and stretching these things has so
many effects, all of which are extremely complicated,” says Pelling.
“They are really naive, even simplistic, experiments that have immensely
complicated outcomes. That’s what’s so fun about this stuff.”
“I say this all the time,” concludes Pelling. “I wish I had more people
in the lab because we are always stumbling across interesting
phenomena and don’t have enough people to pursue all the possible
leads. It seems like every week there is an interesting result from my
group that blows my mind.”
What kind of a post-human world might Pelling envision? He says, “I
mean, why just stop at a perfect copy of a human heart? Not that
making such a thing is trivial, to begin with, but what about creating
a new organ we don’t currently possess? Maybe an organ with four
small lungs, an IP address and a Twitter account. I know this sounds
completely mad, but why stop where human evolution did?” RP

“Although a tremendous amount of information has come from these
efforts, the picture is extremely one-sided, and we are missing a
wealth of mechanical information,” Pelling contends.
“We now know, for instance, that many proteins have evolved to be
activated by a physical force,” says Pelling.
www.research.uOttawa.ca/perspectives
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DISCRIMINATION
shouldn’t run in
the family
by Matthew Bonsall

L

aw professor Errol Mendes calls for a regulatory
framework to protect human rights in the new
age of genetic testing.
A simple blood test could soon see Canadians being
turned down for a job, passed over for a promotion,
or refused insurance. Already, evidence is mounting
that being predisposed to developing certain
diseases carries more than just health risks: it could
also affect their civic rights.

A 2009 study from the University of British Columbia surveyed Canadians
at risk of developing Huntington’s—a degenerative brain disease with no
cure or treatment. Forty percent of the respondents said they had experienced
discrimination because of their risk of developing Huntington’s, though
none of the respondents showed any signs of the disease. Their family
history was cited as the main reason for discrimination.
Since then, genetic testing has only gathered momentum. Today,
Canadians can bypass doctors and use direct-to-consumer genetic
screening for as little as $200. But what society will do with the results
poses some troubling questions. In the future, will people, even entire
ethnic groups—be categorized into social and economic streams that
predetermine their lives?
“If we do not start thinking seriously about the potential for genetic testing
to result in social engineering, then what seems like a science fiction
dream today may turn into a nightmare tomorrow,” says Errol Mendes, a
professor in the Faculty of Law at the University of Ottawa. He also serves
as a commissioner on the Ontario Human Rights Commission.
Genetic discrimination is already well documented in the United States,
where genetic testing has been available for longer. The Council for
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Responsible Genetics has recorded more than 500 cases of genetic
discrimination, where people have been barred from employment,
or lost their health and life insurance based on a perceived
genetic abnormality.
Mendes’ experience blending theory and practice to study
human rights questions as a law professor and human rights
commissioner has him deeply concerned by the pace of change
and society’s ability to protect people. “By the time a case comes
before the Ontario Human Rights Tribunal of Ontario, four or
five years may have passed since the initial complaint,” he says.
“By then, it can often be too late to help someone who has been
passed over for a job, or denied insurance.”
The marriage of cheap genetic tests and the power of the Internet also
concerns Mendes. “We could face grave threats to privacy from
appropriation of confidential information on the Web.”
Despite his misgivings, Mendes is quick to acknowledge that genetic
testing holds huge promise for healthcare policy and personal health
choices. That’s why he suggests that we should take certain steps to
ensure that genetic testing is a blessing, not a curse.
In Canada, scientific progress appears to be rendering legislation
outdated. The Canadian Human Rights Act was written in 1985 and
the Human Genome Project, the international research project to
map human DNA, began in 1989. In the last session of Parliament, a
private members’ bill, C-536, asked to add genetic characteristics to
the Act. Mendes supports this approach but cautions that it won’t be
enough by itself.

members have suffered genetic discrimination but have not wanted
to trigger the human rights process. This means we need a regulatory
framework to deal with genetic testing.”
Several European countries, including Austria, Belgium and Norway,
have mandated that insurance companies cannot ask for predictive
testing or ask for results already in existing medical files. Mendes
says that a comprehensive framework of stand-alone legislation
could include establishing a specialized oversight body, along
the lines of the Human Genetics Commission. He also points to
the United States Genetic Information Non-Discrimination Act,
passed in 2008, and the efforts of at least 45 states to regulate the use
of genetic data, including 35 states who explicitly prohibit genetic
discrimination in employment.
“There is no doubt that pre-emptive regulation is far better than dealing
with a potentially huge backlog of individual complaints before
human rights tribunals or privacy commissioners,” Mendes says.
No matter what course Canada chooses to take, equality will have to
remain at the core of our understanding of human rights if we are to
safely unlock the huge potential of genetic testing. “If, as has been
predicted, at birth all humans had a genetic profile which will predict
their entire life’s health history, that would pose the ultimate test of
society’s commitment to the ultimate test of human dignity—to be
fully human is not to be genetically perfect.” RP

Another aspect of genetic discrimination, he points out, is that
substantial numbers of people who have suffered from it may be
afraid to start the process out of fear that it may endanger their future
job prospects or access to insurance. “Support organizations for
diseases such as Huntington’s have received reports that their

GENETIC TESTING AND YOU
We all have dozens of genetic differences that could increase or decrease
our chances of developing a disease like cancer, diabetes, heart disease,
multiple sclerosis or Alzheimer’s. Knowing the risk could help improve
your health.
But if you opt to get yourself tested, could it mean that your results could
be used to justify higher insurance rates? Or deny coverage? The answer
is yes.

“The industry’s policy is that insurers would not require an applicant for insurance to undergo genetic testing. However, if genetic testing has been done,
and the information is available to the applicant for insurance and/or the
applicant’s physician, the insurer would request access to that information
just as it would for other aspects of the applicant’s health history.”
– Canadian Life and Health Insurance Association position statement on genetic
testing, April 2010

www.research.uOttawa.ca/perspectives
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PROCEED WITH

CAUTION
Why technology should undergo in-depth analysis
by Dana Yates

T

echnology surrounds us. When we text, surf,
download apps or upload files, we are constantly interacting with technology. But before
buying the latest gadget we should ponder its
impact, says Rocci Luppicini.

An associate professor in the Department of Communi
cation, Luppicini examines various facets of technology,
including social networking, virtual communities, the
relationship between identity and technology, and the
influence of technological advances on education and
work. He is also interested in technoethics, which focuses
on the ethical aspects of technology in life and society.
In fact, Luppicini is editor-in-chief of the International
Journal of Technoethics, and editor of the upcoming
Handbook of Research on Technoself: Identity in a Techno
logical Society. A self-described “technology enthusiast,”
he has a big-picture perspective of high-tech innovations.
And there are countless ultra-modern devices and capabilities to consider—from bionic exoskeleton suits to
embryo screening, and everything in between.
“We must have a sobering outlook on technology,”
Luppicini says. “That way we can capitalize on the opportunities that technologies provide, and counteract their
potentially negative consequences.”
Consider, for example, the widespread use of the Internet
and smartphones. They keep us accessible to friends and
family, but the trade-off is that it’s now possible to work
around the clock. This loss of leisure time (the “good life,”
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according to Luppicini) blurs the boundary between the
professional and personal spheres—which can lead to
workplace burnout. As well, our continually evolving
relationship with technology has contributed to the
development of humans as “technoselves.”
“The close connectedness of technology within human
life and society is a complex state of affairs,” Luppicini
says. “Originally, we used technology to build our homes
and plough the fields. Now technology is part of the
human condition. It’s transforming how we live, and
even altering our human makeup.”
That last aspect is one Luppicini is particularly concerned
about. Examples include laser eye surgery, cosmetic
procedures, reproductive technologies, and implanted
microchips that monitor brain activity. And while these
advancements offer benefits—enabling infertile couples
to have children, and leading to new drugs for neuro
degenerative diseases—Luppicini says the “inward turn
of technology” also raises tough questions. Where do we
draw the line? Who is morally responsible when techno
logies go awry?
As science progresses, for example, a number of helpful
biomedical devices already exist, such as artificial hearts,
prosthetic limbs, and cochlear implants. In future, perhaps
cyborgs will become increasingly commonplace. But
Luppicini wonders what would happen if someone with
a neural implant committed a crime. Where would the
blame lie: on the individual who physically performed
the act, or on the biomedical engineers who created
the implant?
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These queries, and others like them, form the basis of the
interdisciplinary field of technoethics, which considers
the responsible use of technology. It also helps to guide
ethical problem-solving related to the development of

“We must have a sobering outlook on technology. That
way we can capitalize on the opportunities that
technologies provide and reverse their potentially
negative consequences.” – Rocci Luppicini

new technologies. For instance, thanks to technoethics,
it’s now widely accepted that engineers and designers are
partly responsible for the impact of their inventions.
But that doesn’t mean forethought is happening in every
area of technological innovation, says Luppicini. “We’re
fascinated with bells and whistles, and in our consumer
culture, new technologies are viewed as status symbols,”
he points out. “For that reason, no one wants to ask
questions. You risk being seen as outdated or standing in
the way of progress.”
As a result, society delays discussions about the misuse or
abuse of technology—often until after disaster strikes.
Luppicini points to the recent nuclear crisis in Japan,
deaths related to police use of Tasers, and issues of cyberbullying and online identity theft.
So what can the public do to prevent problems in the
future? “Teach media literacy to children so they can spot,
for example, Internet luring techniques. Also, ask more
questions—of yourself, corporations, the government and
the military,” Luppicini says. “Ask if a new technology is
worth it. And if so, what are the drawbacks?”
Of course, he acknowledges, this process isn’t easy, given
the breakneck speed of technology development. But
without critical assessment from a social and ethical
standpoint, Luppicini says, we risk losing the most
important thing of all: the human race.
“We’re now at a critical mass where technology could be
used to destroy the planet and ourselves,” he warns. “We
need to step back to step forward.” RP

www.research.uOttawa.ca/perspectives

9

DNA
Under the hood of

by Harold
Eastman
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T

he human genome has been fully mapped, but working
with it is still a daunting task. Mads Kaern is devoted to
finding out how all the genetic components interact and
respond as a system.

simple artificial regulatory networks he can introduce into
yeast cells, and then observe the results. “High-throughput”
technologies enable him to create, test, and analyze thousands
of variations at a time.

Here is possibly the most difficult, inefficient and just plain
bone-headed way to learn how a modern car works: take
out one part at a time, and see what happens.

But—of course—there’s a further complication. To return to
the auto analogy: car components can be relied on to work
the same way over and over again (until they wear out). In
the language of statistical science, their behaviour is deterministic. Genes are less predictable. Even if the signals from
the regulatory networks are the same, there isn’t a certainty
that a given gene in cell A will respond the same way as its
counterpart in cell B—there’s only a probability.

Yet according to Mads Kaern, this is more or less how genetics
research—by necessity—used to be done. “In the past, we
analyzed genes by removing them, and then seeing what
the effect was,” he explains. “That’s a bit like trying to understand how a car works by pulling out a cable.”
The approach doesn’t work for cars, because they comprise
many complex systems that communicate with each other
and modify each other’s behaviour, based on changing conditions. Information from a sensor in a labouring engine
causes the automatic transmission to downshift on a hill; a
signal from the accelerator pedal tells the fuel injectors to go
faster. To really understand that shiny beauty in the driveway, you have to know how all those components interact
and respond as a system when the car is in motion.

That’s roughly what professor Kaern is trying to do with genes.
Somewhat like the parts in a car, interacting components
within our cells control how our genes operate. These “gene
regulatory networks” consist of proteins, molecules of the
chemical RNA and even other genes. In response to various
kinds of stimuli, the networks generate signals that determine how (or if) a particular gene will “express” itself—
whether it will trigger the creation of a protein or an enzyme,
or if it will signal another gene to act, or even do nothing at all.
And the outcome isn’t trivial. The way our genes express
themselves controls to a great extent whether we’re healthy
or sick. The more we understand how gene regulatory networks operate, the more control we’ll have over a multitude
of diseases.

To take this into account, Kaern uses sophisticated statis
tical approaches developed for the study of physics—a
discipline in which he is cross-appointed at the University
of Ottawa.
The goal, of course, is not simply to understand regulatory
networks. “We want to be able to modify these networks
so they can respond to the specific signals we choose, and
trigger the behaviours we want,” Kaern explains. “And we
want to be able to design new regulatory systems too.”
Some of the early applications he foresees include engineering
specialized organisms to create biofuels out of different
kinds of waste products. But the holy grail is human
application. “If you could design and deliver the appropriate
regulatory network to cells, you could trigger drug production right inside cancerous cells,” he says.

“If you could design and deliver the
appropriate regulatory network, you
could trigger drug production right
inside cancerous cells.”
– Mads Kaern

Kaern focuses on understanding the principles that govern
the design of these networks. But working with the human
genome, mapped as it may be, is still a very daunting task.
“It’s very difficult to analyze these systems in a human setting,” Kaern explains. “We haven’t identified all the genes
yet, and we haven’t identified all the factors that contribute
to these systems.”

Delivering these custom-designed networks will be a big
challenge. Gene therapy is the enabling technology that will
make it possible, yet barriers in that field are still formidable.
Nevertheless, Mads Kaern is confident that in perhaps a
decade, when his research is ready for human application,
gene therapy will be ready too.

To simplify the problem, he’s currently working with yeast—
a single-celled organism with a relatively small genome. And
he’s using the emerging tools of synthetic biology to create

And that’s going to mean that many of us will eventually be
able to get the genetic overhauls we need to keep us purring
like a Rolls along the highway of life. RP

www.research.uOttawa.ca/perspectives
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More
HUMAN than

HUMAN
PREPARING FOR A POST-HUMAN FUTURE

by Sean Rushton

T

he Republic, Utopia, Brave New World, Avatar—Exploring fantastic societies of the future
has been a hallmark of great fiction for centuries, and emerging technologies have
influenced these speculative works since the Industrial Revolution. However, what is
emerging from today’s science and technology not only promises to fundamentally change
the world around us, but to transform ourselves as well. The time has come to broaden the
dialogue the authors began—we all have a stake in our post-human future.
Marc Saner has been pursuing multidisciplinary work at the intersection of science, ethics
and governance for the better part of a decade and keeping a very close eye on game-altering
technological developments. He believes that it’s one thing if technology changes objects
around us—like computers, cars or hockey sticks—but quite another if these changes affect
our bodies and minds.

On the threshold of advances in genetics, neurotechnology and robotics that promise (or threaten)
fundamental changes to us and how we see ourselves, Saner believes that the clouds of a perfect
storm between science and decisions about humanity’s future are forming on the horizon.
“To me, this storm is just as much an opportunity as it is a threat,” says Saner, inaugural director
of uOttawa’s Institute for Science, Society and Policy (ISSP), and associate professor in the
Department of Geography. “What is now required is to become explicit about where we want
to go, to discuss which risks are necessary or worth taking and to put the topic of moral limits
on the table.”
From new prosthetics for people with disabilities to improved therapies to combat illnesses of
the mind and the mapping of the human genome, we are undoubtedly increasing our ability to
“fix” ourselves—both inside and out, significantly extending human life and improving human
performance across the board. But important social questions arise from this re-imagining of
what it means to be human, including what the limits should be when it comes to human
improvement and who may (or may not) have the means to afford possible human perfection.
“The potential of neurobiology and neurotechnology, for example, are real game changers,”
says Saner. “A lot of benefits will come out of this research, but we will also have to increasingly
12
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“We may never be able to control broad technological developments,
but we can steer science and technology by allocating subsidies smartly,
regulating the most important aspects of these developments and
planning how we will adapt to a new technological world.” – Marc Saner

face the reality that our consciousness is not what it seems to be, that personalities and capacities
can be changed and that we may continually have to redefine our concepts of free will
and responsibility.”
Saner’s interest in the impact of technology on society began when he worked as a risk assessor
and regulator of biological and chemical products—an activity that brings home how difficult
it is to combine scientific predictions, values and social considerations into practical decisions.
These experiences directly led to his interest in the ethics of emerging technologies, risk management and broader governance issues. He is especially interested in the interface between
scientists and decision-makers and has worked on how to combine risk and ethics in public
debates, decisions and policies.
“We may never be able to control broad technological developments, but we can steer science
and technology by allocating subsidies smartly, regulating the most important aspects of those
developments and planning how we will adapt to a new technological world,” says Saner. “All
this requires dialogue, and I think we need to start now.”
Saner doesn’t believe in wasting any time. As director of the ISSP, he is busy bringing together
multidisciplinary teams to address issues at the interface of science and society. The ISSP
recently hosted an international conference on the topic of synthetic biology and its policy
implications. It is also a partner in the development of the 13th annual Frontiers in Research lectures,
Our Post-Human Future, designed to spur debate on these pressing socio-technological issues.
“Emerging technologies and scientific advances promise to radically alter the self, whether we
conceive of the self in terms of our mental faculties or our bodies,” insists Saner. “Some technological developments can be regulated by the marketplace, but the modification of human
nature itself is too big an issue to leave to the ‘invisible hand’ of the economy.”
Saner is convinced that we must engage in societal direction-setting on such big issues before—
or at least while—technology is being developed, not after the fact. “So, yes, let the scientists
and engineers address our problems. But let’s not forget that we, as a society, also need to
define who we want to be, how we want to treat each other, where we want to aim our efforts
and how we can use this new technology to achieve a positive outcome for us all.” RP

The University of Ottawa’s new Institute for Science, Society and Policy (ISSP) is developing a multidisciplinary and balanced education program on science, technology, innovation and society.
Students will receive a broad education at the interface of science and policy provided by experts in
science policy and innovation, governance and regulation, as well as from researchers studying the
social implications of science and technology. The ISSP believes that such an inclusive and ideologically balanced approach fills a unique niche in Canada and will be valuable to employers in the
private, public and NGO sectors. The Institute also conducts significant research, network and
outreach activities. Visit the ISSP website at www.issp.uOttawa.ca.
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THE PROGRESS
ISN’T OVER UNTIL
THE PAPERWORK
IS DONE
by Tim Lougheed

M

edicine was originally conceived as a means of keeping
us healthy, but as we consider the medical potential to
transcend the limits of our natural bodies, unsettling
questions are emerging.

We expect health practitioners to do no harm; they swear the Hippocratic
Oath as a promise to make the sick and wounded well. But technological
innovation challenges the underlying assumptions of the Oath—
promising now to do much more than make us well.
For example, today’s implantable and wearable medical devices could
improve people’s health beyond current standards, in effect creating
super-human capabilities. Bionic body parts can go beyond replacing
the function of lost organs or limbs, making us “better, stronger
and faster.”
Nevertheless, this exciting prospect is tempered by social, ethical, and
even legal conundrums. Bureaucratic oversight of such devices could
reduce our capabilities, and ultimately limit our personal autonomy,
says Ian Kerr, who holds the Canada Research Chair in Ethics, Law and
Technology in the Faculty of Law.

14
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“Prosthetics and artificial organs are indeed
heading in the direction envisioned by 1970s
sci-fi such as the Six Million Dollar Man, as he
was then valued,” says Kerr. But today’s price tag
of Steve Austin’s bionic implants could include
some serious ethical quandaries.
“Once you shift the lens of what counts as ability,
once health and ability are no longer determined
with reference to our species-typical biological
norms will start defining normal with reference to

consumer goods like iPods and iPads. The agreement allows the manufacturer and its partners to
withdraw support for the product if the user violates
certain conditions, such as getting the equipment
serviced by an unauthorized dealer.
“In the same way that Apple could nullify the warranty on your iPhone if you open it up and alter
its components, the company whose equipment
allows a deaf person to hear, or an amputee to walk,
would no longer support those digital body parts if

“ALLOWING COMPANIES TO LICENSE OUR BODIES IS
EXTREMELY DANGEROUS.” – IAN KERR

our newly enhanced bodies,” Kerr explains. “Then,
all of sudden, there’s a new class of disabled—what
my colleague Gregor Wolbring and I call the
‘techno-poor disabled.’ ”
Kerr and Dr. Wolbring (University of Calgary) suggest
that many of us could be left behind in a world
where we reject or simply cannot afford a means of
extending the limits of our performance. This issue
sparked a high-profile legal controversy in 2008,
when South African runner Oscar Pistorius was
denied the opportunity to try out for his country’s
Olympic team. His lower legs were amputated
when he was an infant, and his sophisticated carbonfibre bionic replacements were declared to be an
unfair advantage over runners with biological legs.
Although the Court of Arbitration for Sport eventually reversed its decision, the case raised some
challenging questions about the meanings of “disability” and “normal.” Kerr insists that these questions
are not confined to Pistorius’ story, but will continue
to bedevil the frontiers of health research. He
and Dr. Wolbring have been exploring the subject
with a three-year grant from the Social Sciences
and Humanities Research Council. Their project
is entitled “Building Better Humans? Health,
Enhancements and Human Rights.”

the patient plugged them into a peripheral device
made by a competitor,” Kerr explains. “Only
now we are talking about your ears or legs.” In this
paradigm, our body parts—along with artificial
replacements for those parts are legally viewed as
commodities, no different than electronic toys
purchased at a store.
“Allowing companies to license our bodies is extremely
dangerous,” Kerr warns. “Although today’s end-user
licenses may not survive serious legal scrutiny, I
don’t want to wait a couple of decades until the
Supreme Court finally decides whether such contracts are enforceable.” Kerr’s research seeks to
develop legal and ethical principles that would
resolve such problems before they ever arise. “I am
developing guiding principles that could be used
by the federal government for statutory reform in
the regulation of medical devices, spirited not just
by consumer protection and concepts but also
human-rights law. Kind of like a legal cure for an
industrial disease.” RP

Kerr’s research has revealed that even the supposedly
straightforward paperwork associated with new
medical devices can have unsettling implications.
For instance, when individuals receive a cochlear
implant to compensate for deafness, the manufacturer of the device requires them to sign an end-user
licensing agreement—modelled on mass-market
www.research.uOttawa.ca/perspectives
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Separating

SCIENCE FICTION
from FACT in
nanotechnology’s future
by Matthew Bonsall

S

ociology professor José López uses science-fiction metaphors to deliver a reality check in the emerging world of
nanotechnology.

Nanotechnology has led to exciting advances in everything from
medicine to engineering to telecommunications. And its potential
is even more exciting, as people develop ways to build things the
way nature does—atom by atom, and molecule by molecule. But
nanotechnology’s vast promise means the hype and hyperbole
surrounding it can get in the way of a rational scientific discussion
of its true potential, and implications for society.
José López, an associate professor in the University of Ottawa’s
Department of Sociology and Anthropology, is influencing the way
we look at nanotechnology. His research papers are challenging the
often uncritical way we accept the boldest claims made by nanotechnology enthusiasts—who have proposed building carbon-nanotube
space elevators, and tiny robots that could be used to deliver medicine
internally. There are even predictions that nanotechnology advances
might allow humans to evolve into beings with such greatly expanded
capabilities that we would call them “post-human.”
16

Reputable science organizations generally describe nanotechnology in
glowing terms. In Canada, the National Research Council describes
nanotechnology as “opening up vast new horizons in virtually all
sectors of the economy, from materials sciences, to biomedicine,
to communications and information technology.” The United
States federal government’s nanotech program, the National
Nanotechnology Initiative, uses the tagline: “Leading to a revolution
in technology and industry that benefits society.”
“Vast new horizons” and “revolution” are words that carry a lot of
weight. If we are to avoid getting caught up in the hype, we need a
way to understand how we perceive nanotechnology and why we
choose certain words to describe it.
“Looking at science fiction helps us understand how we talk about
nanotechnology. Science fiction usually relies on revolutionary
technology or a major event to define how society works. Nano
technology gets talked about like that—some argue that it will change
everything,” López says.
This world-changing technology or event is called a novum—time
travel and parallel universes are classic examples. Science fiction
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“Looking at science fiction helps us understand how we talk about nanotechnology.
Science fiction usually relies on revolutionary
technology or a major event to define how
society works. Nanotechnology gets talked
about like that—some argue that it will
change everything.” – José López

Nanotechnology: small but mighty
Nanotechnology works with matter measuring between
one nanometre (a billionth of a metre) and a few hundred
nanometres. A human hair is 80,000 nanometres thick.
A single nanometre is just eight to 10 atoms long.
Nanotechnology provides a key to unlocking how
atoms are arranged. This gives us the key to building
new materials with a vast range of uses.

then typically includes a master builder who interacts with the
novum and drives the story line. “With this mindset, we perceive
nanotechnology—and the scientists driving it, the master builders—
as a way to reconstruct a new world,” López says. “We’re speaking
the language of hubris to think we can control the future in this way.
We have to remember that nanotechnology is still in its infancy.”
López recognizes the enormous potential of the field, and acknow
ledges that it would be unreasonable to deny that it will “probably
lead to some rather amazing and beneficial applications.” He intends
no discredit, but he does want people to recognize the inherent
danger of not perceiving the “ultimate conceit” in claims that
nanotechnology will rebuild the world. He is not alone. The U.S.
National Nanotechnology Initiative is working closely with public
health organizations like the Food and Drug Administration on
safety concerns.
López is also concerned that by investing nanotechnology with the
ability to resolve all manner of social, cultural and political problems,
potential non-technological solutions might not be pursued. “All our
problems can’t be solved by science,” he says. “We still need to think
of some challenges as political and social problems.”

He feels that science-fiction thinking about nanotechnology ignores
critical thinking, and glosses over the gap between what is possible
today, and what might be possible in the future. This ability to bridge
gaps extends beyond technical questions. “By generating a fictional
future world that contains beneficent social implications with only
minor ethical complications, we are ignoring, or bridging, social and
ethical gaps as well,” López says.
In fact, if nanotechnology follows the path of most ground-breaking
technologies, there will likely be an ethical lag between the arrival of
the technology and our understanding of its social implications.
Consider the privacy concerns that dominate today’s discussions of
the role of the Internet, or the worries over discrimination that arise
from genetic testing.
“We need to make policies and decisions that will be able to deal
with social issues. We can’t wait for nanotechnology to develop,
and then react,” López says. “The technology of hubris, typified by
science fiction, must be replaced by the technology of humility
grounded in science’s true spirit that acknowledges just how much
we don’t know.” RP

www.research.uOttawa.ca/perspectives
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The hip:

An essential
articulation
W
by Martine Batanian

ith the aging of the population and the growing number of
younger patients, more and more Canadians will need joint
replacements. Thankfully, scientists, like Professor Isabelle
Catelas of the Department of Mechanical Engineering and the Faculty of
Medicine, are looking out for our well-being.

People who talk about untreatable joints or show defeatism when faced
with aging and the wearing down of our bodies have evidently never heard
scientists like Isabelle Catelas speak about their work. Spend some time
listening to this professor and you will want to fund her research in order
to be able to benefit from her results when you eventually need them!

18
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Professor Catelas holds the Canada Research Chair in
Bioengineering in Orthopedics. Her research includes
developing therapeutic approaches to extend the lifespan of
joint implants, and in particular hip implants. According to
the Canadian Joint Replacement Registry, over 30,000 hip
replacements were performed in Canada in 2008–2009,
and approximately 35% of the recipients were under the
age of 65. Although joint replacements are very effective
at eliminating pain and restoring joint function, unfortunately
they do not last indefinitely and many patients eventually
need to have their implant replaced.
Hip implant failures are often due to bone loss around the
implant, which is caused primarily by an inflammatory
response to small particles breaking off as the implant wears
down. “Each implant replacement becomes increasingly
complex, because the patient has less and less bone left.
Extending the lifespan of the implants would improve
patients’ quality of life and result in lower healthcare costs,”
explains the researcher, who hesitated between studies in
engineering and medicine and whose work in the field of
biomaterials now places her at the intersection of these two
disciplines. “There are many ways to achieve this. The
industry is working on improving implant materials and
designs, while my team and I are working with the surgeons
to better understand the reasons for failures. We retrieve
and analyze the implants and samples of tissues from
patients who are getting their implant replaced.”
Understanding the biological mechanisms responsible for
implant failures would allow this scientist to develop
new therapeutic approaches—using molecules capable
of controlling these mechanisms—and thus extend the
lifespan of the joint replacements.
An important part of this research program focuses on hip
implants with a metal head and a metal cup. Hip implants
currently available on the market can be made of various
combinations of metal, ceramic and polyethylene, each
with its own advantages and disadvantages. “Metal-onmetal hip implants are resistant to wear, but, in some cases,
they may cause hypersensitivity reactions that we still don’t
fully comprehend. We are trying to understand these reactions
in order to improve the implants and develop new methods
for diagnosing patients more prone to developing such
a reaction.”
Logically, a second important aspect of Professor Catelas’
research is bone regeneration, a field in which she had
worked during her time with healthcare giant Baxter and at
the University of California, Los Angeles (UCLA). “Patients
getting their implant replaced or those suffering from a
complex bone fracture, for example, suffer from bone loss.
Bone is a vascularized tissue, so it often regenerates on its
own,” explains the researcher. “However, when the bone
loss is too great, the bone can’t overcome the loss on its own.

“One day, thanks to tissue engineering and
regenerative medicine, we may be able to
regenerate joints within the human body
itself, thereby eliminating the need for
artificial implants, for the greater good
of the patients.” – Isabelle Catelas

We then need a substitute that will reconnect and regene
rate the bone. If the substitute is biodegradable, it will be
gradually replaced by the regenerated bone.”
In order to improve bone regeneration, Professor Catelas
and her research team are developing new bone substitutes
that will be mineralized and vascularized like the natural
bone. To do so, they are using biomaterials such as fibrin
(the protein-based natural polymer responsible for clot
formation). “We will be using fibrin as our starting matrix,
along with other biomaterials, to grow stem cells and
endothelial cells. The stem cells will produce bone cells,
resulting in mineralization, while the endothelial cells
will promote vascularization. In fact, we have just acquired
a bioreactor that we will be using to develop our bone
substitutes.” These approaches will make it possible to offer
new treatments for patients suffering from bone loss.
“Ultimately, the goal of our research is to improve the quality
of life of patients with joint problems. This improvement
is generally huge. I also saw this in my personal life, because
my mother could no longer walk before she received
hip implants. One day, thanks to tissue engineering and
regenerative medicine, we may be able to regenerate joints
within the human body itself, thereby eliminating the need for
artificial implants, for the greater good of the patients.” RP
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WHO

DO WE
THINK
WE ARE?
by Tony Martins

W

hat constitutes our ego? How does
brain activity translate into subjective
ideas of our selves and our environments? Georg Northoff seeks answers using
multiple modes of inquiry and a research
team that spans the globe.
Georg Northoff has adopted an age-old strategy when grappling
with the complex idea of “self ”: he’s got it surrounded. With
doctoral degrees in neuroscience, psychiatry and philosophy,
and a transdisciplinary research group with global reach,
Northoff peers into the mystery of consciousness from almost
every conceivable angle.

“We are sure that such a transdisciplinary approach will open
the door to a world of exciting findings that will shed new
light on our very human self, and our very human brain,”
Northoff has written.
20
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A world of findings, indeed. While most Northoff-led investigation takes place at the University of Ottawa Institute of Mental
Health Research and McGill’s Montreal Neurological Institute,
Northoff also collaborates with other scientists in Berlin, Bologna,
Vienna, Beijing, Hong Kong, Shanghai, Zürich, and other cities.
At the root of it all is the following question: How do our
brains constitute subjective experience of our selves and
environments? Through what mechanisms do we fashion
what Northoff calls “the basic sense of subjectivity”?
As an example, Northoff points to the personal significance
individuals might attach to their iPhone. “How is it possible
that this little thing acquires such a personal meaning for you,
and not for me?” he asks.
Northoff holds the Canada Research Chair for Mind, Brain
Imaging and Neuroethics, as well as the EJLB-CIHR Michael
Smith Chair in Neurosciences and Mental Health. Despite
his titles and distinctions, he’s genuinely humbled by the
complexity of his research.

That said, however, Northoff dismisses as irrelevant such
tangential questions as the perennial debate on whether
there’s a distinction between mind and brain/body.
“Consciousness and self are deeply ingrained in how the brain
functions,” Northoff contends. “It is not something that
comes on top. It is something that is always already there.”
Northoff and colleagues use a range of functional imaging
techniques to investigate drug-induced changes in the prefrontal
neural activity of depressive and schizophrenic patients. One
breakthrough on the subject of depression in recent years
stems directly from how we experience the self.
“In depression you completely focus on your own self, and
you are completely detached from your environment,”
Northoff notes, “something that corresponds with abnormally high activity in the midline region of the brain.” One
application he sees for such knowledge: better drugs, and
more targeted therapeutic approaches.
In his latest book, released in the fall of 2011, Northoff offers
another innovative blend of disciplines: neuroscience and
psychoanalysis. Neuropsychoanalysis in Practice grapples with
the essence of the Ego, and explores how the brain makes distinctions between states that are neuronal (of the brain) and
psychodynamic (of the psyche).
Northoff is at work on two further volumes exploring consciousness and the brain. Far from ascribing to a quest for
some kind of post-human Utopia, he’s much more interested
in human imperfection—particularly “how that must be
somehow based on how the brain functions.” “We can learn
much more about the opportunities when we know about the
limitations,” Northoff reasons.
A rare kind of curiosity that spans disciplines began when an
inspiring high-school teacher engaged him in philosophy. “I
wanted to study philosophy in conjunction with a particular
science, something more concrete,” Northoff says. “At the time
you couldn’t really study neuroscience, so if you wanted to know
something about the brain, you had to go into medicine.”

arising in his research is this: Which definition of self should
be used? “There are as many definitions as there are philo
sophers,” Northoff points out with a laugh.
He believes, however, that a research methodology must be
rooted in hard science. “Which of the logical definitions of
self match with the actual empirical data?” Northoff asks.
“Which is in line with the brain?”
“And then, after considering the data,” he concludes, “maybe
we should change the definition.” RP

Medical school led to psychiatry, but neuroscience beckoned.
Philosophy was always firmly in the picture, along with
Northoff ’s willingness to blend disciplines and genres. His
2009 book, The Search for the Ego, was billed as a “neuro
philosophical mystery novel” that crosses academic boundaries
to address a wider audience.
With neurophilosophy, as with the rest of his work, Northoff
is not afraid to innovate. The central question that keeps
www.research.uOttawa.ca/perspectives
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The China
Challenge
Sino-Canadian Relations in the 21st Century
edited by Huhua Cao and Vivienne Poy

W

ith the exception of Canada’s
relationship with the United States,
Canada’s relationship with China
will likely be its most significant foreign
connection in the twenty-first century. As
China’s role in world politics becomes more
central, understanding China becomes essential for Canadian policy-makers and policy
analysts in a variety of areas. Responding
to this need, The China Challenge brings
together perspectives from both Chinese
and Canadian experts on the evolving SinoCanadian relationship. It traces the history
and looks into the future of Canada-China
bilateral relations. It also examines how China
has affected a number of Canadian foreign
and domestic policy issues, including education, economics, immigration, labour and
language. RP
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