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I. Introduction

Although there is a broadening social interest in the devel-
opment of a powerful and general nanotechnology, the pub-
lic discourse to date has largely avoided a comprehensive
examination of its social dimensions, focussing instead on
what is and is not scientifically possible. In this regard,
much attention has been paid to the feasibility of Richard
Feynman’s famous 1959 vision, i.e., whether it is possible to
manufacture complex molecules atom-by-atom." Whether
Feynman’s hunch is correct — that “it would be, in principle,
possible for a physicist to synthesize any chemical sub-
stance that a chemist writes down” — has been fiercely
debated in the scientific literature and the popular press.

The most famous version of this debate, the recent
point/counterpoint exchange between Richard Smalley and
Eric Drexler,” illustrates a deep division within the
nanotechnology community. Consider the following snip-
pets:
Smalley:  “The central problem I see with the nanobot
self-assembler then is primarily chemistry. If
the nanobot is restricted to be a water-based
life-form, since this is the only way its molecu-
lar assembly tools will work, then there is a long
list of vulnerabilities and limitations to what it
can do. If it is a non-water-based life-form, then
there is a vast area of chemistry that has eluded
us for centuries ... Please tell us about this new
chemistry.”

“[T]o visualize how a nanofactory system
works, it helps to consider a conventional fac-
tory system. The technical questions you raise

Drexler:

Smalley:

Drexler:

Smalley:

reach beyond chemistry to systems engineer-
. 294
ing.

“I see you have now walked out of the room
where I had led you to talk about real chemistry,
and you are now back in your mechanical
world. I am sorry we have ended up like this.
For a moment I thought we were making prog-
ress.

But, no, you don’t get it. You are still in a pre-
tend world where atoms go where you want
because your computer program directs them to
go there.”

“Some chemists with careers tied to the old par-
adigm (based on random molecular motion in
liquids) seem confused and threatened by this
different and more powerful approach.
Members of the old guard instead have assured
one another that MNT is ‘an impossible, child-
ish fantasy’ — in short, that there is nothing to
learn. Having failed to master the basic princi-
ples of MNT, they see its revolutionary promise
and6 dangers as false, and try urgently to dismiss
it.”

“You and people around you have scared our
children. I don’t expect you to stop, but I hope
others in the chemical community will join with
me in turning on the light, and showing our chil-
dren that, while our future in the real world will
be challenging and there are real risks, there will
be no such monster as the self-replicating
mechanical nanobot of your dreams.”’
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The above compilation of soundbytes from the public
exchanges between Smalley and Drexler over the past few
years is not meant to provide full coverage, nor even a sum-
mary of their scientific positions. Quite to the contrary, these
remarks were very purposefully selected to demonstrate that
there are other things at play besides the testing of hypothe-
ses — that this is not mere scientific discourse.

While this debate has been extremely influential within sci-
entific circles, it is suggested that such discussion is not par-
ticularly useful in the broader policy arena. In our view,
despite their good intentions, this is not the best way for
prominent scientists to assist in the development of appro-
priate regulatory structures for nanotechnology. This type
of rhetorical exchange is not the best enabler of sound policy
and planning.

Although the development of sound social policy about a
given technology must certainly commence with consider-
ations about what is presently foreseeable, in this brief arti-
cle we suggest that it is also important to contemplate
possibilities that are not necessarily congruent with today’s
forecasts. We further suggest that scientific forecasting is
itself an insufficient social safeguard against a technology
said to have the potential to revolutionize our ability to con-
trol and manipulate matter. As an alternative, we propose,
policy makers ought to embrace a foresight model that aims
to develop a broader network of social participants in their
deliberations about the future regulation of nanotechnology.

Il. Mend the Gap

Policy-making is inherently a challenging task — a task made
more difficult when faced with future uncertainties. In the
face of rapid change, it is not good enough to simply debate
about what we think is and is not scientifically possible
today. Nor is it sufficient to state that “[t]here is no scientific
evidence to support the notion that nanoparticles and
nanotubes — the main components of many nanotech-based
products — pose risks on human health and the environ-
ment.”® While such statements, if true, are an important
claim in advancing the argument that the perceived risks of
nanotechnology are likely to be overestimated and overrated
by mass media and the like, the policy debate does not and
ought not to end with the conclusions of our science de jour.

Rather, we must learn how to co-ordinate science and tech-
nology policy so that we can plan for alternative futures.
This will involve broadening the debate beyond physicists,

chemists and engineers. As the authors of a recent report
noted:

As the science of NT leaps ahead, the ethics lags
behind. Activist groups have appropriately
identified this gap, and begun to exploit it. We
believe that there is danger of derailing NT if
serious study of NT’s ethical, environmental,
economic, legal, and social implications does
not reach the speed of progress in the science.’

Minding the gap is indeed an important first step. Mending
it, however, is the more challenging next step.

In this section we briefly describe a well-known alternative
to the point/counterpoint discourse approach that has been
adopted by Smalley and Drexler. By reiterating this alterna-
tive approach, we hope to remind those interested in the eth-
ics and science of nanotechnology that there are other
discussions to be had. Rather than focussing primarily on
competing scientific visions about the feasibility of molecu-
lar manufacturing, we hope to connect that discourse to
existing techniques that have been used in other fields to
identify and assess the bridge between our possible futures
and the present.

What we are promoting is what one future studies author has
described as:

a code to communicate between social actors in
science, technology and society ... a combined
analysis and communications process in which
informed parties and stakeholders participate in
a forward-looking exercise to identify the most
implgrtant issues in the emerging S&T portfo-
lio.

Foresighting,"" as it is sometimes called, is a methodology
for examining the long-term future and finding answers for
the present as a means of guiding technology policy. It rep-
resents an historical shift from short-term to long-term
thinking; from past-oriented to future-oriented; from linear
to non-linear ‘system’ thinking;'* and from an either/or to a
multiple option mindset." It has been defined as:

...the process involved in systematically
attempting to look into the longer-term future of
science, technology, the economy and society
with the aim of identifying the areas of strategic
research and the emerging of generic technolo-
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gies likely to yield the greatest economic and
social benefits."*

This approach involves “[a] process by which one comes to
a fuller understanding of the forces shaping the long term
future ... which should be taken into account in policy for-
mulation, planning and decision making.”"”

‘Foresighting’ can be distinguished from ‘forecasting’.
Forecasting is the passive attempt to diagnose or predict
future events.'® Smalley’s semi-

economics. For instance, unless nanotechnology offers a
solution to the problem of inflation, we should not necessar-
ily assume that near costless materials’ production will nec-
essarily result in decreased prices.” A foresighting
methodology is needed to commence an assessment of
nanotechnology’s potential impact on these and other core
socio-economic structures.

For example, certain visions of nanotechnology, if realized,
could lead to significant economic disruption.** Substan-
tially revised or perhaps even

nal Scientific ~ American
article'’, for example, merely
forecasts that self-replicating
nanobots cannot and will not be
part of our future. Conversely,
foresighting aims to actively
change or create the future by
linking it to the present. It
focuses on the challenges of
tomorrow, today. Thus, “the

alternative economic systems
might one day be required to

In the face of rapid change, it is not ensure that the fruits of
good enough to simply debate about
what we think is and is not
scientifically possible today.

nanotechnology (like some of
the information technologies
that preceded it) are not short-
lived. Similar considerations
might be necessary to avoid a
proliferation of existing dispari-
ties in wealth and power, and

major difference between fore-

sight and forecasting is that in forecasting the conclusions
for today are missing.”'® The process of foresighting is pre-
mised on the assumption that the future is not fixed and that
alternative futures exist.'’

Foresighting can be used in various ways. According to
Slaughter, there are four major applications: “[i] assessing
possible consequences of actions... [ii] anticipating prob-
lems before they occur ... [iii] considering the present impli-
cations of possible future events ... [and] [iv] envisioning
desired aspects of future societies.””” As the literature points
out, foresighting as a tool for ‘decision-shaping’ rather than
‘decision-making’ offers many benefits including: engaging
policy-makers and experts in actively planning for the
future, identifying potential problems early, verifying
expectations and examining trends, bringing people to-
gether to create a suitable future, strengthening existing net-
Works,ﬂand educating the public on urgent future-related
issues.

Foresighting could have a positive impact on nano-
technology policy by providing a means for analyzing its
broader social and economic implications. While some
believe that nanotechnology has the potential to eliminate
the problem of resource scarcity, others have pointed out
that a technology which allows that ‘anything can be made
from anything’ is sure to have an impact on our ecological
systems.” Similar considerations will arise in the context of

the creation of new divides
between the haves and have-nots. All of these things indi-
cate that we need to further develop a set of methodologies
that will help us to identify and assess the bridge between
our possible futures and the present.

Ill. Building a Broader
Nano-Network

Scientific forecasting, conceptual modelling and the testing
of hypotheses in the laboratory — though they are all key to a
bright future — cannot provide sufficient social safeguards
for a science said to have the potential to revolutionize our
ability to control and manipulate matter. Mending the gap
requires the development of a broader nano-network.

Instead of standing on the sidelines, cheering on a combat-
ive and adversarial scientific arm-wrestling match, diverse
groups of social actors ought to assemble to examine poten-
tial profits and pitfalls of the technologies that miniaturize
from as many different angles and perspectives as possible —
with the aim of consensus building. As one Australian pro-
fessor put it, true foresighting requires us to build an
‘epistemic community’ founded on “a number of principles
around which the community members inter-subjectively
construct a consensus.”” These principles would include
agreed-to methods and models for assessing and under-
standing causal relationships, common language and jargon,
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and political values concerning the policy implications and
what policy choices should be preferred.”

Although some foresighting techniques currently employed
in other contexts rely primarily on experts, many believe
that a more complete methodology ought to include a
broader range of participants from the social sciences, the
humanities and the arts. The general public can and ought
also to play a role in understanding and analysing the social
implications of various foresighting activities. This type of
active and inclusive participation not only generates excel-
lent opportunities for public education and consultation
about possible future events, but also enhances an expecta-
tion that “the rationality as well as the legitimacy of political
decisions can be improved”.”” As Cuhls and Grupp point
out,

Discursive approaches make for more rational-
ized discussions, because they focus on the need
to provide arguments. They introduce reasons
as a standard for political discussion. There-
fore, they correct the strategic (party) intellec-
tuality and argumentative propaganda which is
common in the public (mass media) confronta-
tions.*®

In contrast to the domain of experts — where it is possible,
advertently or inadvertently, for researchers to promote their
own ideologies, interests and agendas through the language
of science — extending the nano-network to include
laypersons and experts from relevant non-scientific disci-
plines would allow for greater political transparency. It
might also promote a more informed and actively engaged
public whereby “collective knowledge and the efficient per-
formance of all actors in society and their capability to
exchange information result in a steering resource similar to
power or money.”” An approach that creates a broader
nano-network, involving other social actors in discussions
and decision-making about the future regulation of nano-
technology, would enhance legitimacy and foster public
trust.

IV. Conclusion

In the quest for knowledge, scientists, unlike elected offi-
cials, are not held responsible for safeguarding the public
interest. They are not generally obliged to explore issues
that extend beyond their own research interests,”” nor are
they required to consult with members of the public or oth-

ers working beyond their own domains of expertise.
Although most scientific policy is the product of negotiation
and contestation,”’ such policies should not be determined
primarily on the basis of contestations amongst scientists
directly involved in the scientific or technological break-
through in question. Just as progress in science is sometimes
overshadowed by politics, policy choices surrounding the
adoption or regulation of a particular science or technology
can become clouded by the rhetorical assertions of particu-
lar scientific stakeholders. In the absence of a ‘social con-
tract’ between scientists, government officials, and the
public, heated exchanges between scientists must not
become a policy maker’s preoccupation.

Whatever place rhetoric might have in science, on its own, it
is an ill-suited method for policy analysis — especially in
fields where there is little consensus but great uncertainty.
This is an increasingly significant consideration when one
recognizes that scientific discourse is often used as a means
of building powerful though divisive social networks. In the
face of competition it is usually those scientific networks
that are the most successful in translating their own interests
on the largest scale that have the greatest impact on how a
new technology is developed and implemented.’* Likewise,
the most powerful scientific networks can also have an
impact on how such technologies are eventually regulated.

With this in mind, we ought to be very careful not to foster a
divisive nano-network. It is suggested here that, in the face
of scientific uncertainty, we ought to be oriented towards
building a broader, more inclusive network that embraces
actors from diverse sectors™ and enables the development
of an overlapping consensus in the shaping of future policy.
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