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Integrated Circuits

Material, Social, Spatial

How much scientific knowledge should be accessible to
the public? Does access and public input advance scientific
research? These are central questions in Cyrus Mody’s
brief history of information-that-sometimes-wants-to-be-
free. He argues that a shifting social zeitgeist, particularly
during the 1960s, propagated increasing degrees of trans-
parency and cooperation within the scientific community.
In a field where focused pipeline production and seemingly
unproductive lines of inquiry have both yielded break-
throughs, he examines the pros and cons of open access

and collective intelligence.

Cyrus C.M. Mody

Introduction
Most communities have annual celebrations that mark
membership or promote solidarity: Passover, Fourth
of July, commencements, shareholder meetings, county
fairs. For American academic nanotechnologists,
‘NanoDays’ has become an annual ritual of their new,
fragmented not-quite-discipline.! Coordinated by the
Nanoscale Informal Science Education network (NISE),
it has evolved into a national event involving nearly 200
participating institutions, which invite the public into
their labs to see how (and why) nano research is done.

Invitations to enter the laboratory are unusual
in the history of science. Although scientists justifiably
gesture to a tradition of open debate about technical
matters, the laboratory space has been one of the least
open aspects of the scientific enterprise. Until the
twentieth century, much cutting-edge experimentation
was conducted in scientists’ homes, and witnessed only
by invited guests. In the last century, new research insti-
tutions, such as corporate and national labs, emerged as
incubators for proprietary or classified knowledge, and
as such were closed to the public.

Yet NanoDays indicates that current American
policymakers believe the public (or some slice of it) is
a welcome, even necessary, presence in the lab.? This
shift was evident when President Clinton announced the
formation of a National Nanotechnology Initiative (NNI)
in 2000, which encouraged nanoscientists to participate
in public forums and proactively consider the societal
implications of their work. Consequently, lab research
is being supplemented by an array of humanistic and
social scientific experiments designed to complete a
feedback circuit between scientists’ knowledge of what

is physically possible and what society desires from
science. Such experiments include: having scientists
write science fiction and future scenarios to understand
the implications of their work; holding ‘consensus con-
ferences’ to bring different nano stakeholders together
to establish common ground; public opinion surveys
(most of which show that the American public knows
little about nano, is generally optimistic about it, but has
some worries that are orthogonal to scientists’ own
anxieties); and ‘citizens’ schools’ that introduce inter-
ested community members to the pros and cons of
nanotechnology in the hopes they will become opinion
leaders within their social networks.

Science and society, of course, have never been
independent entities, and these experiments merely make
explicit a relationship that has always existed to varying
degrees. However, the model represented by NanoDays
is a dramatic change from a Cold War ‘pipeline model’
in which the public was seen as a one-way consumer of
expertise. In contrast, nanotechnology is one of the first
fields to involve public input before the products of
research enter the market, and even before research
towards those products begins.

Like any experiment, these forays in public partic-~
ipation carry risks. Neither science nor politics can with-
stand perpetual, direct democracy, at least in modern
America. The NNI seeks out institutions that can combine
the knowledge and aspirations of different niches of
science and society without amalgamating them into
something less than the sum of their parts. Since at least
World War Il, the integration of scientific expertise and
public priorities has co-evolved with the assimilation
of different kinds of materials: organic and inorganic, wet



and dry, electrical and mechanical. The scale of the
former is the human scale of collaboration, negotiation,
habitation and protest whereas the scale of the latter
is that of small handfuls of atoms measured in billionths
(‘nano’) of a meter.

Pipelines and Priorities
Prior to World War [l, the US federal government was
not a dominant player in most scientific fields. But by the
war’s end, federal support for research had grown dra-
matically, especially in areas related (even tenuously) to
military objectives. West Virginia Senator Harley Kilgore
pointed to federal management of wartime research
(the Manhattan Project, penicillin production, radar, etc.)
and asked whether something similar would work for
civilian goals. He envisioned a ‘National Science Founda-
tion’ where elected officials established priorities for
American scientists and supported them in solving
national problems.

In the end, Kilgore’s NSF was co-opted by a coali-
tion of scientists, politicians opposed to social reform,
and large businesses. Their vision for the NSF gave
scientists autonomy to pursue ‘curiosity-driven’ research,
with little pressure to address social concerns. Kilgore's
opponents (especially Vannevar Bush) posited a pipeline
model that culturally and epistemically privileged ‘basic
science’ conducted for the sake of exploration and judged
only by disciplinary peers. The pipeline model moved
knowledge linearly from basic science to ‘applied science’,
‘engineering science’, ‘development’ and finally ‘manu-
facturing’ of real-world technologies. Scientists at the
beginning of the pipeline were regarded as producers
of reliable knowledge and agents of liberal democracy
because they were regarded to be least beholden to
commercial or political interests.

The pipeline model was always, in Donald
Mackenzie’s apt phrase, ‘an engine, not a camera’. It
functioned poorly as a picture of how science actually
works, but was effective as a means for bringing about
changes in science policy.® Elite universities such
as Stanford, MIT, and Johns Hopkins liked it because
it allowed them to use their discipline-oriented depart-
mental structure to reap overhead fees from federal
basic research contracts. Big high-tech companies such
as IBM liked it because they could compete for the same
federal contracts while getting tax breaks for every
dollar they spent on basic research; they also liked that
the twenty-plus year timeline required for an idea to
move down the pipeline disadvantaged small companies
dependent on constant cash flow. Cold War strategists
liked it because they wanted to ‘stockpile’ scientists
for some future conflict; they believed that large-scale,
curiosity-driven funding would sustain these scientists’
morale in the interim.

High Vacuum, High Science
The pipeline model’s insistence on the conceptual insu-
lation of basic science — from politics, commerce and
engineering — was spatialized in the design of flagship
laboratories, which occupied exurban ‘campuses’ sur-
rounded peacefully by nature. Some labs even featured
rural fauna: herds of deer (National Bureau of Standards),
buffalo (Fermilab), and wild pigs (IBM Almaden Research
Center). As Scott Knowles and Bill Leslie have noted,
the Eero Saarinen-designed labs for GM, IBM, and
AT&T were celebrated as ‘Royal Hunting Lodge[s]’
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Such seclusion deliberately hindered consumers,
politicians and engineers from influencing basic re-
searchers. Scientists used their cloisters to think for the
long term, without having to answer calls from these
constituencies. One result was that companies like IBM
became notorious for their inability to move their own
basic research discoveries into development. Often, other
companies raided IBM'’s pipeline before Big Blue could.

This seclusion also encouraged basic researchers
to value reductionist over holistic approaches. They
focused on ultraclean, atomized material systems that
could be modeled with the limited computational power
available. For example, this era saw the emergence of a
new discipline of ‘surface science’ (later to become a core
field of nanotechnology) whose leading institutions were
all located in exurban areas: the Bureau of Standards, IBM,
AT&T’s Bell Labs. Enclosed in new ‘ultrahigh vacuum’
(UHV) chambers capable of maintaining an emptier void
than deep space, the surfaces studied at these labs were
as secluded as the labs themselves. UHV maintained the
purity of these surfaces, allowing them to yield pristine
and rigorous basic data. But those clean surfaces bore
little resemblance to the messier materials from which
high-tech products are made - leaving surface science
disconnected from practical applications in the near term.

Moment of Relevance
In the late 60s, the pipeline model broke down. It was at-
tacked by many from the right, including Barry Goldwater,
for making scientists dependent on government rather
than the market. It was critiqued by the military’s Pro-
ject Hindsight, which found virtually no weapon systems
that benefited from basic science research. Liberals
in line with President Lyndon B. Johnson’s social reform
initiatives insisted that the backlog of basic research
was big enough: scientists needed to start applying that
knowledge to the ‘human problems’ of the day. Radicals
demanded an end to the military applications that domi-
nated what was coming out of the pipeline, but they also
wanted an end to funding for basic — or what campus
activists called ‘useless’ — research. They pressured
scientists to demonstrate the relevance of their research
to social problems - though who would judge their
pertinence was always contentious.

The demand for relevance required scientists to
come out of seclusion and interact with an increasingly
engaged public. Politicians and campus activists called
for researchers in universities and aerospace firms
to join the anti-war movement by ‘reconverting’ from
military to civilian topics; to acknowledge the civil rights
movement by turning to ‘urban problems’; and to em-
brace the environmental movement by providing fixes
for pollution, energy, and (more problematically) over-
population. In tandem, many scientists and engineers
faced pressure - even from their administrators and
colleagues - to collaborate with counterparts from a
wider range of disciplines. In some cases, these collabo-
rations led to the novel integration of different materials
at the micro- or nanoscale. For instance, if electrical
engineers were to help solve ‘human problems’ in medi-
cine, they needed to coalesce their discipline’s materials
(e.g., silicon integrated circuits) with those of their
physician-collaborators (e.g., human cells).

‘Human problems’ research also led to new collab-
orations among natural scientists, social scientists and
engineers. The high-priority areas of the day, such as







