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Nanotechnology legislation 

Contradictory intent? US federal legislation  
on integrating societal concerns into  
nanotechnology research and development 

Erik Fisher and Roop L Mahajan 

This paper argues that the 21st Century 
Nanotechnology Research and Development 
(R&D) Act embodies an unresolved tension be-
tween two policy trends that pose a growing di-
lemma for future science and technology (S&T) 
policy makers: the imperative towards rapid 
technological implementation; and mounting 
pressure to conduct technology development with 
more effective regard to societal considerations. 
The tension emerges when comparing various 
‘Program Activities’ set forth in the Act that re-
quire divergent policy models, by which the legis-
lation attempts to balance international 
competition with concern over the perceived risks 
of nanotechnology applications. By prescribing 
the integration of societal and technical concerns 
during nanotechnology R&D, the Act could 
mark a radical shift in S&T policy in so far as it 
allows the consideration of societal concerns to 
influence technological activities and outcomes. 
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ONFLICTING PRESSURES facing policy 
makers regarding the emerging field of 
nanotechnology have manifested in an unre-

solved tension within US legislation over the  
appropriate policy model for publicly funded  
nanoscale science and engineering (NSE). On  
the one hand, a steadily escalating international 
funding race over the massive economic and other 
gains projected for nanotechnology products  
has been used to justify an aggressive US approach 
to promote rapid technological development  
and accelerated marketplace transfer. On the  
other hand, heightened awareness of the role that 
public concerns and perceptions can play in the 
adoption of new technologies has occasioned  
extraordinary legislative language requiring re-
search on societal concerns to be integrated  
into nanotechnology research and development 
(R&D). 

The pressures mirror broader counter trends in 
technology policy and have produced what appear  
to be dueling technology policies in the 21st Cen 
tury Nanotechnology Research and Develop 
ment Act (Public Law 108-153), which was signed 
into law on December 3, 2003. After a brief  
introduction to nanotechnology and an overview of 
the opposing pressures mentioned above as they  
had been characterized before the Act’s signing,  
this paper identifies a tension between various ‘Pro-
gram Activities’ set forth in the Act that reflect di-
vergent motivations behind US nanotechnology 
policy. 
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and molecules are integrated to form devices, shap-
ing the system atom by atom” (Sarro, 2004). 

Since nanotechnology is associated with numer-
ous fields, applications, and techniques, it can be 
difficult to differentiate among existing, converging, 
and emerging forms of research. This difficulty is 
compounded by the tendency of scientists readily to 
identify themselves with the field. As one author 
states, “Researchers who once called themselves 
materials scientists or organic chemists have trans-
muted into nanotechnologists” (Stix, 2002). In part, 
this tendency may be because of the efforts of re-
searchers to acquire funding. It has also been sug-
gested that broad usage of the term is warranted to 
the extent that it symbolically represents a “set of 
capabilities at the atomic scale” that form the basis 
for a “technology revolution” (Marburger, 2003). 

Conventionally, nano-science and nano-
engineering represent clearly distinct stages of 
nanotechnology development and consist of extend-
ing existing sciences (for instance, chemistry) and 
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hat is nanotechnology? 

n general, nanotechnology refers to the study and 
anipulation of matter at the nanoscale, which 

anges between approximately one and 100 nanome-
ers (one nanometer is a billionth of a meter and is 
000 times smaller than the next largest unit of 
easurement, the micron.) From this understanding, 

anotechnology is largely synonymous with the 
roducts and capabilities of NSE. The US National 
anotechnology Initiative (NNI) has a three-fold 
efinition of nanotechnology/NSE that requires op-
rating at the nanoscale, exploiting “novel” proper-
ies associated with that scale, and the ability to 
ontrol or manipulate matter at that scale (NNI, 
004). 

The term nanotechnology also has been employed 
ather broadly to refer to numerous kinds of science 
nd engineering whose only commonality may in-
olve some component being measured in nanome-
ers. Conversely, it has also been used for more 
pecific applications, most notably molecular 
anotechnology, which is associated with self-
eplication of nanoscale devices and whose feasibil-
ty is the subject of debate (Baum, 2003). 

Nanotechnology relies on techniques character-
zed as either top down or bottom up, or on a mix-
ure of the two. Top-down approaches continue the 
rend towards miniaturization that was identified in 
he 1960s as Moore’s Law, which (in generalized 
orm) predicts an exponential rate of increase in the 
omputational ability of machines. Top-down ap-
roaches consist of downscaling conventional mi-
ro-systems and micro-devices to the nanoscale 
Sarro, 2004). Bottom-up approaches consist of im-
ging or manipulating matter at the level of atoms 
nd molecules (Kawai, 2003). In this case, “atoms 

engineering fields (for instance, fabrication) into the 
nanoscale to yield new fields (for instance, nano-
chemistry and nanofabrication). Oftentimes, how-
ever, the traditional categories of science and 
engineering depend upon, drive, and overlap with, 
one another. 

In the case of nanoscale research, for instance, 
“nanoscale imaging, molecular manipulation, and 
the extension to molecular devices” are all “closely 
correlated” (Kawai, 2003). The very term nanotech-
nology rhetorically highlights technology as the de-
fining feature of the enterprise, emphasizing the role 
played by invention as opposed to discovery and 
stressing products, capabilities, and societal out-
comes as the objectives of R&D. 

Material behavior at the nanoscale is more accu-
rately described by quantum than classical mechanics 
and can demonstrate properties that do not naturally 
emerge at, or above, the micro-scale. The prospect of 
exploiting these properties has been readily used to 
capture the imagination. In 2003, US National Sci-
ence Foundation (NSF) Deputy Director Joseph Bor-
dogna stated that, in addition to enhancing computer 
speed and memory, nanotechnology would enable 
“materials that are stronger, lighter and smarter by 
orders of magnitude” (Mokhoff, 2003). 

Technologist Ray Kurzweil (2003b) claimed that 
“portable manufacturing systems will be able to pro-
duce virtually any physical product from information 
for pennies a pound, thereby providing for our physi-
cal needs at almost no cost.” Speaking to Congress, 
Kurzweil (2003a) declared that “Nanotechnology and 
related advanced technologies of the 2020s will bring 
us the opportunity to overcome age-old problems, 
including pollution, poverty, disease, and aging.” 
Novel properties at the nanoscale may or may not lead 
to novel products and consumer applications, let 
alone the removal of social and natural afflictions, but 
they will undoubtedly have profound implications for 
modes of production and enabling technologies. 
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Wide-ranging lists of impacts have become al-
most commonplace. In 2000, the NNI listed poten-
tial applications in materials and manufacturing, 
electronics and computer technology, medicine and 
health, aeronautics and space exploration, environ-
ment and energy, biotechnology and agriculture, and 
national security among the “pervasive” impacts of 
nanotechnology (National Science and Technology 
Council, 2000b). Similarly, potential military appli-
cations in computers and electronics, sensors, mate-
rials, robotics, human-embedded systems, satellites, 
and chemical and biological weapons “span all areas 
of warfare” (Altmann, 2004). In short, nanotechnol-
ogy could have impacts that extend to “all functional 
behavior of material that is influenced by nanoscale 
structure” (Marburger, 2003). 

Nanotechnology also marks the convergence of 
engineered systems with fundamental physical, 
chemical, neurological, and biological processes. 
Precise and sustained interactions between human 
technologies and the building blocks of life suggest 
considerably advanced possibilities. Sensors inte-
grated into the human body at smaller scales than are 
presently possible could significantly alter non-
invasive monitoring, providing greater capabilities 
to observe, record, detect, and address biological 
activities. Such advances would further blur the 
boundaries between the human body and the ma-
chines that monitor it, just as predicted advances in 
artificial intelligence would further blur distinctions 
between human and machine intelligence. 

Existing techniques and products that make use of 
nanoscale properties are, in most instances, a far cry 
from what futurists deem possible. Moreover, scien-
tists lack comprehensive knowledge of the physical 
laws governing nanotechnology systems. Still, there 
is considerable confidence among researchers and 
business leaders that nanotechnology represents the 
‘next step’ in technological advancement. Nanotech-
nology has accordingly been described as promising 
virtually unlimited opportunities to “remake the 
world” (Crow and Sarewitz, 2002). Such promises 
translate into economic opportunities and competitive 
goads for governments around the world. 

International competition 

The international pursuit of nanotechnology had be-
come decidedly pronounced during the five-year 
period preceding the passage of the 21st Century 
Nanotechnology Research and Development Act. 
Emphasizing that the contest was one of significant 
proportions, the NSF had estimated that the 
nanotechnology market would have an economic 
impact of over US$1 trillion by the year 2015 (Roco 
and Bainbridge, 2001: 5). 

Mihail Roco, chair of the National Science and 
Technology Council’s Subcommittee on Nanoscale 
Science, Engineering, and Technology traced the race 
back to 1997 and noted that worldwide investments in 
nanotechnology took a sharp turn upwards in 2000 
(Roco, 2003a). This increase corresponded to the 
creation of the interagency governmental NNI that 
Roco stated was soon afterwards emulated by other 
countries (Roco, 2003b). Roco reported that inter-
national nanotechnology funding increased seven 
times from 1997 to 2003, and that at least 30 countries 
had created national nanotechnology programs or 
“activities,” bringing the then current worldwide in-
vestment in nanotechnology to approximately US$3 
billion in 2003 (Roco, 2003a; 2003b.). 

A history of the rapid growth in US federal fund-
ing for nanotechnology appears in Figure 1 (Huang, 

Nanotechnology marks the 
convergence of engineered systems 
with fundamental physical, chemical, 
neurological, and biological processes: 
precise and sustained interactions 
between human technologies and the 
building blocks of life suggest 
considerably advanced possibilities 
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2004; National Science and Technology Council, 
2003; Roco, 2003a). That nanotechnology has had 
“broad bipartisan backing” (Choi, 2003) in the US is 
suggested by the fact that the second Bush admini-
stration has funded nanotechnology even more as-
sertively than did the Clinton administration, which 
began the NNI. 

While the bulk of revolutionary products was a 
long way off in 2003, nanotechnology funding was 
reported to be producing impressive results of an-
other kind. References to NSE in peer-reviewed sci-
entific journals had grown “dramatically” 
(Mnyusiwalla et al, 2003) from just over 3,500 in 
1997 to an estimated 10,000 in 2002 (ETC Group, 
2003a). Likewise, US nanotechnology patents re-
portedly had increased from just over 2,000 in 1995 
to 6,425 in 2002 (Roco, 2003b).1 Nevertheless, in-
ternational competition over nanotechnology was 
cited to suggest that the US did not have “a com-
manding lead” as it did in other global technological 
“megatrends” such as biotechnology, information 
technology, and nuclear energy (Roco, 2002). 

Regardless of the benefits and attractions that 
nanotechnology may have held for them, US policy 
makers were, prior to the passage of the Act, under 
pressure not to be out-competed on the global field. 
According to one source at the time, “government 
officials worry that perhaps for the first time in re-
cent memory, the United States does not have a clear 
advantage” in nanotechnology, a field which Benja-
min Wu, Deputy Undersecretary for Technology at 
the US Department of Commerce, deemed “crucial” 
for the future economic health of the country (Hines, 
2003). 

The specter of failing to win the nanotechnology 
race was also a pronounced theme among business 
leaders in the private sector during this period. In his 
congressional testimony, Alan Marty (2003), advi-
sory board member of the Nanobusiness Alliance, 
urged the House Committee on Science to act “ag-
gressively” in funding nanotechnology, stating: 

“nanotechnology is not dominated by the 
United States. In several areas of nanotechnol-
ogy the US is being outpaced by foreign com-
petition. Japan, EU, Russia, Korea, and China 
are all significant players in the field of 
nanotechnology.” 

A similar message came from Christine Peterson 
(2003), president of the nonprofit Foresight Institute 
who, in a separate hearing, advised the Committee 
that failure to develop nanotechnology would 
“amount to unilateral disarmament” adding that this 
would be “militarily disastrous.” 

While a prominent motivation behind US 
nanotechnology policy would thus appear to have 
been keeping pace with international competition, 
the pressure to consider and address societal con-
cerns over nanotechnology represented a substantial 
counter-weight. 

Societal concerns 

Despite efforts to increase the pace of nanotechnology 
development, the success of nanotechnology will not 
depend on scientific discoveries and technological 
development alone. These are necessary conditions, 
but they are hardly sufficient. Commercialization ef-
forts must take into account public opinion, which has 
the power to dampen economic projections. Counter-
balancing the numerous ‘benefits’ promised by 
nanotechnology proponents in 2003 was a litany of 
‘concerns’ raised by others about its possible risks, 
ethical implications, and democratically legitimate 
pursuit. 

The optimistic depiction of nanotechnology as the 
“next industrial revolution” (National Science and 
Technology Council, 2000a; 2003) had been ques-
tioned by suggestions that it might in the process 
become the “next asbestos” (ETC Group, 2003a; 
Mnyusiwalla et al, 2003). Prominent entrepreneur 
and scientist Bill Joy (2000) was well known for 
stating that nanotechnology-enabled developments 
could ultimately threaten human survival, either be-
cause of superior artificial intelligence (a concern 
explicitly cited in the Act) or unstoppable self-
replication of nano-sized robots out-competing hu-
mans for natural resources (the ‘grey goo’ scenario). 

Popular fiction writer Michael Crichton (2002) 
had vividly depicted horrific scenes of nanotechnol-
ogy run amok in his work, Prey. In 2003, both the 
ETC Group (2003a) and Greenpeace (Arnall, 2003) 
released reports critical of nanotechnology. The ETC 
report may have influenced Prince Charles, the 
Prince of Wales, to call for precautionary approaches 
towards nanotechnology, resulting in renewed public 
references to ‘grey goo’ in April of 2003 (ETC 
Group, 2003b). 

Less sensational downsides of nanotechnology 
were routinely raised by ethicists, policy analysts, 
scientists, and those concerned with its unfettered 
pursuit. These concerns included: a broad range of 
product-related societal, ethical, security, health,  
and environmental issues; process-related political 
issues of power and choice; and economic issues of 
distribution. 

Many of the specific risks associated with 
nanotechnology may ultimately come to nothing. 
Yet, as emerging technologies interact with their 
human and natural environments, they can give rise 
to unintended consequences. This much was stated 
by Sarewitz and Woodhouse (2003), who claimed 
“we can be reasonably sure that specific nanotech-
nology applications will have impacts not readily 
controlled or even understood by those creating or 
using them.” These impacts can be both positive and 
negative, both reversible and irreversible. 

While it is nearly impossible to predict accurately 
specific forms of unintended consequences in many 
cases, the simple knowledge that they will occur 
could therefore be said to entail a responsibility to 
anticipate them nonetheless. Additionally, while 
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public perceptions and intuitive judgments about 
risk can be “highly unreliable” (Sunstein, 2002), 
hasty strategies to deal with or discount them might 
be similarly injudicious (National Research Council, 
2002). 

As had been well documented, public resistance 
to new technologies can jeopardize their commercial 
success (Cobb and Macoubrie, 2004). For instance, 
public concerns were not successfully addressed 
during the advent of the nuclear power industry, 
when “dramatic opposition” was “engendered in the 
face of expert assurances of its safety” (Slovic, 
1987). This failure led to massive costs for the US 
nuclear power industry. 

More recently, public perceptions about geneti-
cally modified (GM) agriculture have been blamed 
for unrealized profits (Economist, 2000), spurring 
fears that warnings about nanotechnology could 
“lead the public to exaggerated fears of the un-
known, undercutting support for nanotechnology 
funding” (Altman and Gubrud, 2002). At least a few 
studies had suggested that nanotechnology, like GM 
agriculture and nuclear power before it, could be 
seen as embodying many of the characteristics of a 
technology ripe for public resistance. Berube (2003) 
cited the MAST project report (1989) as evidence 
that nanotechnology falls into similar categories as 
made previous transformative technologies vulner-
able to exaggerated risk perceptions.2 

The temptation to ignore or dismiss societal con-
cerns about nanotechnology, as the National Re-
search Council (2002) had already noted, could 
ironically risk making them worse and could risk 
repeating the nuclear and agricultural biotechnology 
public relations failures of the past. Economic con-
siderations alone, therefore, gave decision makers a 
strong motivation to address these concerns  
(National Research Council, 2002). Speaking six 
days after the presidential signing of the Act, Philip 
J Bond (2003), Undersecretary for Technology at the 
US Department of Commerce, stated: 

“The Act … mandates the establishment of a 
center and research into the societal and ethical 
consequences of nanotechnology. … As a busi-
ness proposition we must identify legitimate 
ethical and societal issues and address them as 
soon as possible.” 

In light of the relative infancy of nanotechnology, 
this high-level recommendation to factor ethical and 
societal issues into policy decisions, and to do so 
early, is notable. 

In the case of GM agriculture, public confidence 
in regulatory systems, or lack thereof, played a key 
role in public attitudes and perceptions (National 
Academy of Sciences, 2000; Taylor and Tick, 2003). 
In a public opinion survey conducted a few months 
after the Act’s passage, Cobb and Macoubrie (2004) 
find a correlation between lack of trust and height-
ened perception of risk: “A majority of Americans 

report low trust in business leaders within the 
nanotechnology industry to protect them from poten-
tial risks.” This finding is reportedly in keeping with 
earlier research that “public fears about technology 
risks are less about risks directly attributable to a 
technology than the social and regulatory context in 
which they are embedded” (Cobb and Macoubrie, 
2004). 

Addressing societal concerns about nanotechnol-
ogy may thus require careful consideration and re-
structuring of the policies that influence its social 
and regulatory context. Traditional risk assessment, 
communication, and management frameworks 
would, accordingly, need to be expanded (for in-
stance, from distinguishing between rational and 
irrational risk perceptions) to include earning and 
maintaining public trust in regulatory competency 
and capacity. 

Early consideration of the ethical and societal im-
plications of nanotechnology would represent a de-
parture from such traditional frameworks. In fact, 
this had been a prominent topic of discourse among 
Government agencies involved in nanotechnology. 
The NSF had sponsored a national conference in 
2000 and a subsequent report in 2001 on the societal 
implications of nanotechnology. Also, it had funded 
multiple research and educational projects related to 
the subject. Furthermore, in April of 2003, the US 
Congress held a public hearing on the societal impli-
cations of nanotechnology, in part to answer how 
“research and debate on societal and ethical con-
cerns” can be “integrated into the research and de-
velopment process” (House Committee on Science, 
2003a). 

At this hearing, Langdon Winner (2003) stated that 
technology policy is normally seen as steered only by 
“a few designated stakeholders.” Winner therefore 
expressly cautioned the House Science Committee 
against creating a nano-ethics program that would 
institutionalize a disconnection among societal con-
cerns, research, and science and technology policy. 
He had in mind the Ethical, Legal, and Societal Im-
plications (ELSI) program of the Human Genome 
Project, a program that had been regularly criticized 
for lacking the capacity to influence policy (Kitcher, 
2001; Sarewitz, 1996; Wolfe, 2000). If it was to  

To influence the development of 
policy, federally funded consideration 
of societal issues pertaining to 
nanotechnology would need to be 
integrated as an important parameter 
into either R&D policy or R&D itself, 
if not both 
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influence the development of policy, as opposed to 
being a ‘stand alone’ entity, federally funded con-
sideration of societal issues pertaining to nanotech-
nology would need to be integrated as an important 
parameter into either R&D policy or R&D itself, if 
not both. 

Impressively, the 21st Century Nanotechnology 
Research and Development Act mandates both 
forms of integration. At the same time, however, the 
Act contains language antithetical to this approach. 
Thus, each of the two driving trends — rapid devel-
opment in the name of competitiveness and a more 
considered approach in the name of social accept-
ability — tends to result in a different and distinct 
technology policy model for US nanotechnology 
R&D. 

Nanotechnology legislation 

The 21st Century Nanotechnology Research and 
Development Act (2003) marks the first time that 
the US Federal Government established a program-
wide multi-year funding cycle for nanotechnology. 
As Roco stated, “For the first time, nanotechnology 
will be institutionalized in the federal government” 
(Choi, 2003). The Act establishes a National 
Nanotechnology Program (NNP) and authorizes 
US$3.7 billion for nanotechnology R&D from fiscal 
year (FY) 2005 to FY 2008. The legislation does not 
explicitly lay out the objectives of the NNP. Instead, 
it defines eleven Program Activities,3 which, in turn, 
reflect the various motivations discussed above. We 
group these Activities into three main categories: 
techno-scientific; global-economic; and ethical–
societal. 

General objectives 

Seven of the Program Activities are concerned with 
general objectives, methods, and resources pertain-
ing to technological aspects of nanotechnology fund-
ing, research, training, and application. This first 
group includes Activities (1) – (4), (8), (9), and (11). 
Activity (1) articulates the governing techno-
scientific objective of the legislation: “developing a 
fundamental understanding of matter that enables 
control and manipulation at the nanoscale” (all ref-
erences to Program Activities are from Public Law 
108-153). Methodologically, this first grouping of 
Activities emphasizes a major theme of note: inter-
disciplinarity. 

Specifically, Activities (2), (4), (8), and (9) explic-
itly require cultivating “interdisciplinary” projects, 
collaborations, centers, and perspectives. The inter-
disciplinary nature of nanotechnology R&D can be 
attributed to at least two main factors, in addition to 
the mission-oriented nature of the NNP: anticipated 
applications, which are likely to involve numerous 
existing industrial sectors; and the fundamental  
lack of scientific and technological understanding. 

Importantly, the Act’s emphasis on interdisciplinarity 
also suggests a high level of coordination of R&D on 
the part of NNP technology administration. 

Global-economic considerations 

Of the four remaining Program Activities, three can 
be grouped together as focused on meeting global-
economic pressures and opportunities. Activities (5), 
(6), and (7) prescribe “ensuring … global leader-
ship,” “advancing productivity and industrial com-
petitiveness,” and “accelerating” nanotechnology 
deployment, respectively. The first two of these 
three make explicit reference to the United States in 
competitive global terms, closely suggesting  
national policy goals. In this respect, all other Pro-
gram Activities could be interpreted as the means for 
advancing Program Activity (5): “ensuring United 
States global leadership in the development and ap-
plication of nanotechnology”. 

If Activities (5) and (6) represent major policy ob-
jectives driving the NNP, Activity (7), which calls 
for “accelerating the deployment and application of 
nanotechnology research and development in the 
private sector, including startup companies,” desig-
nates the traditional means used to achieve them: 
rapid technological deployment. In addition to cut-
ting-edge research and post-industrial expertise, US 
legislators expect new technological products. Bal-
ancing the rate at which these products are deployed 
with the need to develop them deliberatively and 
responsibly is a central policy problem the Act 
should, but does not, resolve. Framing the NNP in 
terms of winning a global race through accelerated 
development and commercialization of nanotech-
nology is only one possible option, and an extreme 
one at that, among conceivable policy alternatives. 

Societal considerations 

The “first to market” concept latent in Program Ac-
tivity (7) contrasts with the final remaining Program 
Activity, which forms its own group and prescribes 
the means by which societal considerations are to be 
addressed. Program Activity (10) begins: 

“ensuring that ethical, legal, environmental, 
and other appropriate societal concerns, includ-
ing the potential use of nanotechnology in en-
hancing human intelligence and in developing 
artificial intelligence which exceeds human ca-
pacity, are considered during the development 
of nanotechnology.” 

Whether Program Activity (10) is intended to be an 
additional means of achieving the objective of global 
leadership or represents an objective in and of itself, is 
unclear from the legislation. Either way, a prima facie 
reading of the term “consideration” would suggest 
careful reflection upon technological options in rela-
tion to societal concerns. Such an approach would not 
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be likely to be encouraged, however, by the tendency 
to move hastily from the lab to the marketplace. Then 
again, it would be consistent with an interdisciplinary 
approach that requires new perspectives and a highly 
coordinated administration. The legislation appears to 
prescribe both hastiness and reflection; if so, it con-
tains an inherent contradiction. 

The Act’s explicit mention of “artificial intelli-
gence which exceeds human capacity” warrants spe-
cial attention, since it is a surprisingly specific 
reference to highly controversial scenarios involving 
the demise or at least surpassing of humans by their 
own creations. A generous interpretation of the in-
tention behind this particular reference would see it 
as precautionary in so far as it is meant to safeguard 
against a vastly uncertain, yet even more vastly seri-
ous, possibility. Given the gravity of the potential 
consequences, in other words, regardless of their 
immediate likelihood, it would be wise to keep them 
in mind as researchers develop the means that could 
enable them. On the other hand, a cynical reading 
would see this reference, and most of what is out-
lined in Program Activity (10), as a direct but empty 
concession to the power of popular but ‘irrational’ 
worries, designed to lull them into complacency. 

This line of inquiry in turn begs the questions of 
what is meant by “societal concerns” and how they 
are to be attended to. The phrase, “considered dur-
ing” leaves open who does the considering, how, to 
what end, and with what authority. On one reading, 
scientists and engineers, humanists and social scien-
tists, citizen groups and external regulators might 
consider the societal dimensions of technological 
decisions with an eye towards influencing nanotech-
nology development as seems appropriate to them. 
On another, societal concerns might be (perhaps 
rather pointlessly) contemplated by one or more 
groups in relative isolation from nanotechnology 
R&D, which would occur independently of societal 
considerations and therefore be impervious to them. 
Without further clarification, these questions might 
remain unresolved. 

The Act, however, lists the following four strate-
gies by which the consideration is to occur. Collec-
tively, these paragraphs can shed light on the above 
questions. As Program Activity (10) continues, it 
mandates that the consideration is to take place by 
means of: 

“(A) establishing a research program to identify 
ethical, legal, environmental, and other appro-
priate societal concerns related to nanotechnol-
ogy, and ensuring that the results of such 
research are widely disseminated; 
(B) requiring that interdisciplinary nanotech-
nology research centers … include activities 
that address societal, ethical, and environmental 
concerns; 
(C) insofar as possible, integrating research on 
societal, ethical, and environmental concerns 
with nanotechnology research and development, 

and ensuring that advances in nanotechnology 
bring about improvements in quality of life for 
all Americans; and 
(D) providing, through the National Nanotech-
nology Coordination Office …, for public input 
and outreach to be integrated into the Program 
by the convening of regular and ongoing public 
discussions, through mechanisms such as citi-
zens’ panels, consensus conferences, and edu-
cational events, as appropriate.” 

These strategies mark a progression from minimal  
to more direct action in terms of shaping nano-
technology development with regard to societal con-
siderations. 

Paragraph (10)(A) represents a necessary step if 
the NNP is to be minimally effective in calibrating 
technological development to societal concerns. By 
itself, the generation and dissemination of research 
results is not very likely to encourage or enable sig-
nificant changes in an R&D system not traditionally 
inclined to seek out external influences on the con-
duct of its own work—especially if this would 
threaten to slow its pace or application. 

Barring an indisputable revelation concerning the 
hazardous consequences of a given nanotechnology 
application (which would be “widely disseminated” 
even without a law requiring this), paragraph 
(10)(A) promises little in the way of policy influence 
from what could be a mountain of research on socie-
tal concerns. In combination with the following 
strategies, however, such research could have sig-
nificant policy impacts. 

Paragraph (10)(B) goes a step further, since it re-
quires activities that address societal concerns to 
occur proximately to technological research. The use 
of the term “interdisciplinary” here furthermore sug-
gests that this term characterizes the relationship 
between the activities addressing societal concerns 
and the technological research. Strategy (10)(B), 
however, does not specify any necessary connection 
between these activities and the technological re-
search itself. 

Consequently, nothing so far in Program Activity 
(10) prevents research centers from carrying on dis-
crete ‘societal concerns activities’ that take place 
proximately to and simultaneously with technological 
R&D, and yet are otherwise unrelated to it. There is 
no explicit linkage between the societal research of 
(10)(A) and activities of (10)(B) on the one hand, and 
nanotechnology R&D on the other, that would make 
certain these are actually interdisciplinary as opposed 
to, say, fragmented or even mutually hostile. 

Paragraph (10)(C) changes this pattern. It contains 
an explicit direction to integrate — that is, to  
incorporate, assimilate, and combine — nanotech-
nological research and societal concerns research. 
The integration of research that spans technological 
and societal disciplinary expertise is a radical form of 
interdisciplinarity. Frodeman (2003) has described 
this kind of exchange as “deep” interdisciplinarity and 
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we have referred to it as “techno-humanistic” (Fisher 
and Mahajan, 2003). Regardless of the terms used to 
describe it, the interdisciplinary integration pre-
scribed in (10)(C) potentially allows research on so-
cietal considerations to shape the course, and hence 
the outcomes, of nanotechnology R&D. 

Hitherto, to the best of our knowledge, no federally 
funded self-critical technological program has inte-
grated the consideration of societal issues with the 
‘nuts and bolts’ development of its resultant techno-
logical products. Naturally, different advocacy 
groups will offer conflicting interpretations as to what 
is “possible” regarding such integration efforts. Con-
gress has, meanwhile, opened the door to this discus-
sion, which will in part turn on questions regarding 
the ethical and societal nature of technological deci-
sions and how to engage them. 

What is possible regarding deep interdisciplinarity 
at the federal R&D level, and what should guide its 
implementation, are weighty questions indeed. In-
terpretations of the Act will need to establish what 
room technological activities do allow for integrat-
ing research on societal considerations and what 
R&D would actually look like in this case. The 
deepest disagreements are likely to be over the pur-
pose, feasibility, and consequences of deep interdis-
ciplinarity, questions that get at the heart of US 
technology policy. 

With these questions in mind, it is instructive to 
note that (10)(C) specifically refers to bringing about 
improvements in “quality of life.” Quality of life is 
typically understood in distinction to ‘standard of 
living’; an analogous contrast is that between “social 
need” and “market demand” (Sarewitz, 1996). This 
is essentially the contrast that emerges between the 
dueling policies implicated by Program Activities 
(7) and (10). 

Paragraph (10)(D) supplements (10)(C) by en-
hancing the expertise internal to technological disci-
plinary and interdisciplinary activities with external 
public input. Program Activity (10) thus encom-
passes both “deep” and “wide” integration, where 
“wide” refers to activities that cross academic, in-
dustrial, and public venues (Frodeman, 2003). The 
Act elsewhere makes reference to the citizen boards 
described in (10)(D) with respect to their integration 
into multiple levels of the NNP. While reminiscent 
of the Danish institution of citizen panels, such wide 
integration as prescribed in (10)(D) is otherwise 
rare, just as the deep integration prescribed in 
(10)(C) is essentially “unheard of” in federal US 
technological research (Winner, 2004). 

In summary, the Act envisions in Program Activ-
ity (10) a new form of R&D in which ‘non-
technological’ concerns and research explicitly  
influences the design and development of technolo-
gies, presumably resulting in more socially accept-
able outcomes and hence more commercially robust 
products than if these concerns had been ignored or 
left to external mechanisms. At the same time, the 
Act contrasts this somewhat ‘socially conservative’ 

vision with the more ‘commercially conservative’ 
one entailed by Program Activity (7). 

Mixed models 

The tension between Activities (7) and (10) resem-
bles that between the two trends outlined earlier. 
International pressures seemingly justify a rapid and 
accelerated approach to technology development, 
while the potential pressure of societal concerns en-
tails modifying the traditional policy model in favor 
of an alternative, more considered, deep and wide 
interdisciplinary approach. 

These two distinct approaches do not necessarily 
constitute conflicting definitions of technological 
progress. Both seek to maximize the societal bene-
fits of modern technology and correct for the nega-
tive unintended consequences that even these very 
benefits (which are seldom uniform) can have. Both 
also recognize that progressive technology operates 
within competitive constraints and societal contexts. 
A key difference between them is in how societal 
outcomes and considerations are factored in. 

The traditional policy approach to R&D follows 
what is known as the linear model. Included among 
the assumptions implied by this model are that so-
cietal benefits are relatively uniform and unprob-
lematic and that they flow more or less 
automatically from basic research and its applica-
tions (Bush, 1945; Pielke and Byerly, 1998). Ac-
cordingly, R&D traditionally has been constrained 
exclusively by scientific, technological, and (to a 
limited extent as the process moves forward) eco-
nomic considerations. 

Considering negative unintended consequences 
and other societal concerns during technology de-
velopment would not be deemed possible or desir-
able by adherents of the linear model. Any negative 
unintended consequences resulting from introducing 
new technologies into greater societal contexts 
would accordingly be assumed to be corrected by 
market forces, remedial technology, cultural adapta-
tion, or post-R&D regulatory processes. 

In contrast, numerous alternative accounts main-
tain that such external and ex post facto mechanisms 

International pressures seemingly 
justify a rapid and accelerated 
approach to technology development, 
while the potential pressure of societal 
concerns entails an alternative, more 
considered, deep and wide 
interdisciplinary approach 
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are often too late or too slow or otherwise inade-
quate to mitigate and avoid unnecessary and unac-
ceptable harm and thus best serve society. These and 
other emerging (or in some cases, re-emerging) ac-
counts suggest that, consistent with the deep inter-
disciplinarity outlined in the 21st Century 
Nanotechnology Research and Development Act, it 
is possible (for instance, Bijker, 1995; Bucciarelli, 
1994; Schot and Rip, 1996) as well as desirable (for 
instance, Allenby, 2000/2001; Guston and Sarewitz, 
2002; Sarewitz, 1996; Steelman, 1947) to make 
technological decisions with societal concerns and 
considerations in mind. While there is not a single 
policy model that such accounts clearly share and 
uphold, it is fair to say that all demonstrate and/or 
recommend some form of R&D that integrates tech-
nological and societal considerations. 

Evidence that this type of ‘integrated’ approach is 
gaining ground in the US is suggested in what 
amounts to a growing trend in US federal science 
and technology policy to incorporate societal con-
siderations into R&D, albeit in diverse ways and 
across a wide variety of contexts. Numerous pro-
grams claim to address societal implications of tech-
nological activities, including, but not limited to, the 
Human Genome Project’s ELSI program, the NSF’s 
“broader impacts” review criterion, Internal Review 
Board (IRB) protocol for research on human sub-
jects, the US Global Change Research Program’s 
“Human Dimensions” program, and the President’s 
Council on Bioethics. While these programs are not 
analogous, each one claims to supplement techno-
logical considerations with societal ones. None of 
them, however, goes the distance that the Act does 
in potentially redefining R&D as a cooperative, deep 
interdisciplinary confluence of technological and 
societal research streams. 

Conclusion 

The congressional response to the perception of op-
posing pressures surrounding nanotechnology has 
resulted in antithetical legislative language which, in 
turn, prescribes mixed models for R&D. Depending 
on how it is implemented, the Act could emerge as a 
shrewd piece of legislative rhetoric, reducing socie-
tal research and related activities to a sideshow in 
order to push rapid nanotechnology development 
past a potentially wary public, or as a tool for usher-
ing in a prudent new paradigm in technology devel-
opment; this would require a radical re-evaluation of 
the relationships among technological activities, 
their products, and the associated outcomes. 

Several signs can suggest to critics that Congress 
had little intention of seeing the most radical of the 
strategies for accomplishing Program Activity (10) 
implemented. For instance, an amendment requiring 
that at least five percent of the NNP appropriations be 
“set aside for research on societal and ethical implica-
tions of nanotechnology” was defeated in the House 

Science Committee (House Committee on Science, 
2003b). Conversely, Office of Science and Technol-
ogy Policy director John Marburger, speaking the day 
the Act was signed into law, described the provisions 
related to societal concerns as “heavy machinery” that 
“indicates an extraordinary level of interest in these 
issues within Congress” (Marburger, 2003). 

The fact remains that Congress has constructed an 
alternative policy model that could, in any number of 
forms, permeate the NNP. While not negotiating the 
differences between the colliding policies it has pro-
duced, Congress has outlined a pluralistic prescrip-
tion that, depending upon implementation, could 
allow a responsible and rigorous societal outcomes-
oriented approach to nanotechnology development. 
Such pluralism may ultimately have been motivated 
by conflicting political, economic, or other considera-
tions. In its hybrid makeup, however, the Act allows a 
great deal of flexibility in terms of anticipating and 
adapting to present and future uncertainties. 

Whether and to what extent deep interdisciplinary 
R&D will be implemented could depend on a variety 
of agents operating in various capacities throughout 
the NNP. The National Science and Technology 
Council, taking into account the advice and recom-
mendations of the National Nanotechnology Advi-
sory Panel, is designated in Section 2(c) of the Act 
to determine the goals of the NNP. A strategic plan 
is required within one year of the Act’s signing. 

The National Research Council, under the ar-
rangement of the National Nanotechnology Coordi-
nation Office, is designated in Section 5 to assess the 
need for ensuring the responsible development of 
nanotechnology. A review containing the results of 
this “one time study” is required by June 10, 2005. 
While regulation that defines compliance with R&D 
policies relating to societal concerns may eventually 
be developed at higher levels, at least the initial 
characterizations of Program Activity (10) fall 
within the domain of the expert funding agencies, 
such as the NSF, who are now presumably required 
to invoke and apply the provisions when determin-
ing and awarding NSE grants. 

The congressional balancing act between winning 
the global nanotechnology race and responding to the 
prospect of public resistance to the new technology is 
indicative of a more general convergence of larger 
trends that poses a growing dilemma for science and 
technology policy makers. In short, blindly obeying 
the technological imperative to push forward innova-
tions as quickly as possible may jeopardize both the 
public interest and, ironically, the necessary public 
support for such innovations. On the other hand, 
without international cooperation, US policy makers 
will be greatly reluctant to risk slowing technologi-
cal activities and limiting productivity, thus sacrific-
ing competitive advantage. 

The legislation analyzed here may amount to a 
clash or a compromise between the two perceived 
policy alternatives of rapid versus responsible 
nanotechnology development. A clash would tend to 
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produce a societal considerations program that ulti-
mately functions as a smokescreen. A compromise 
would represent an evolutionary step towards a new 
paradigm, whether intended by lawmakers or thrust 
upon them by the pressures of more or less intact 
democratic processes. 

The new paradigm for technology development la-
tent within the 21st Century Nanotechnology Re-
search and Development Act is in some sense a logical 

continuation of a trend towards more systematically 

incorporating societal considerations into science and 

technology. While it is presently an immense chal-
lenge to envision what federally funded scientific and 

engineering processes will look like with societal, 
ethical, and environmental considerations built into 

them, it seems doubtful that the conditions behind this 

trend will go away. The US Congress has, wittingly or 

not, laid down a nascent vision towards which future 

R&D policy seems slowly but steadily to be creeping. 
To the extent that R&D will in the future include 

assessing and addressing negative unintended con-
sequences and other socially unacceptable outcomes, 
achieving global leadership in nanotechnology will 
need to be redefined. In this case, the deceleration 

and/or shaping of technological development and 
deployment by measures designed to garner social 
acceptance may in fact lead to more ‘quality’ in so 
far as technological outcomes are more robust and 
effective. This in turn suggests a scenario that, far 
from threatening longstanding US national objec-
tives and priorities, might represent a more sustain-
able way of advancing them. 

It would be unwise to dismiss too quickly Pro-
gram Activity (10) as nothing more than a mere in-
stance of crafty public relations. If for no other 
reason, the same level of close reading that reveals it 
to be a potential reform of the R&D system also re-
veals it to be a potential contradiction of R&D pol-
icy models. The result of an aggregate political 
process, the legislation raises the possibility for deep 
interdisciplinarity on multiple levels within the 
NNP, although it fails to clarify the purposes and 
mechanisms that would lead to the realization of this 
possibility. We submit that a new R&D model, even 
if it remains somewhat of a hybrid, ought to be im-
plemented in order to assure that techno-scientific 
activities are shaped by the consideration of societal 
concerns, more than they are at present. 

 

Appendix 1. Program Activities of the National Nanotechnology Program laid out in section 2(b) of 
the 21st Century Nanotechnology Research and Development Act 

(1)  developing a fundamental understanding of matter that 
enables control and manipulation at the nanoscale; 

(2)  providing grants to individual investigators and interdisci-
plinary teams of investigators; 

(3)  establishing a network of advanced technology user facili-
ties and centers; 

(4)  establishing, on a merit-reviewed and competitive basis, 
interdisciplinary nanotechnology research centers, which 
shall— 
(A) interact and collaborate to foster the exchange of tech-

nical information and best practices; 
(B) involve academic institutions or national laboratories 

and other partners, which may include States and in-
dustry; 

(C) make use of existing expertise in nanotechnology in 
their regions and nationally; 

(D) make use of ongoing research and development at the 
micrometer scale to support their work in nanotechnol-
ogy; and 

(E) to the greatest extent possible, be established in geo-
graphically diverse locations, encourage the participa-
tion of Historically Black Colleges and Universities that 
are part B institutions as defined in section 322(2) of 
the Higher Education Act of 1965 (20 U.S.C. 1061(2)) 
and minority institutions (as defined in section 365(3) of 
that Act (20 U.S.C. 1067k(3))), and include institutions 
located in States participating in the Experimental Pro-
gram to Stimulate Competitive Research (EPSCoR); 

(5)  ensuring United States global leadership in the develop-
ment and application of nanotechnology; 

(6)  advancing the United States productivity and industrial 
competitiveness through stable, consistent, and coordi-
nated investments in long-term scientific and engineering 
research in nanotechnology; 

(7) accelerating the deployment and application of nanotech-
nology research and development in the private sector, in-
cluding startup companies; 

(8)  encouraging interdisciplinary research, and ensuring that 
processes for solicitation and evaluation of proposals un-
der the Program encourage interdisciplinary projects and 
collaborations; 

(9)  providing effective education and training for researchers 
and professionals skilled in the interdisciplinary perspec-
tives necessary for nanotechnology so that a true interdis-
ciplinary research culture for nanoscale science, 
engineering, and technology can emerge; 

(10) ensuring that ethical, legal, environmental, and other 
appropriate societal concerns, including the potential use 
of nanotechnology in enhancing human intelligence and in 
developing artificial intelligence which exceeds human ca-
pacity, are considered during the development of 
nanotechnology by— 
(A)  establishing a research program to identify ethical, le-

gal, environmental, and other appropriate societal con-
cerns related to nanotechnology, and ensuring that the 

results of such research are widely disseminated; 
(B)  requiring that interdisciplinary nanotechnology re-

search centers established under paragraph (4) in-
clude activities that address societal, ethical, and 
environmental concerns; 

(C)  insofar as possible, integrating research on societal, 
ethical, and environmental concerns with nanotech-
nology research and development, and ensuring that 
advances in nanotechnology bring about improve-
ments in quality of life for all Americans; and 

(D)  providing, through the National Nanotechnology Co-
ordination Office established in section 3, for public 
input and outreach to be integrated into the Program 
by the convening of regular and ongoing public dis-
cussions, through mechanisms such as citizens’ pan-
els, consensus conferences, and educational events, 
as appropriate; and 

(11)  encouraging research on nanotechnology advances that 
utilize existing processes and technologies. 
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Notes 

1. These patent figures are revised in Huang et al (2004) as 
follows: 1,627 in 1995 and 4,623 in 2002. According to their 
analysis, the top five countries in 2003 for nanotechnology 
patents were the US (5,228), Japan (926), Germany (684), 
Canada (244), and France (183). Importantly, they note that 
“only a fraction of these patents … are expected to fully sat-
isfy the NNI definition of nanotechnology”. 

2. These claims do not appear to be borne out by the results of 
Cobb and Macoubrie’s (2004) survey, which found a gener-
ally favorable public perception of nanotechnology. 

3. See Appendix 1 for a reproduction of Section 2(b) of the Act, 
which lists the eleven Program Activities. 
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