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Government regulations to address technological risks are important for the successful develop-
ment and application of nanotechnology, but there is an ongoing debate in the USA about who
is responsible for the regulation of nanotechnology. In a mail survey of leading US nano-scientists,
we examine scientists’ perceptions about nano-regulation, including the government level (local,
national, or international) at which the scientists believe nanotechnology regulation should be
implemented. This regulatory discussion is important because international regulations are often
difficult to adopt and implement; yet, local or state-level regulations could lead to the
nanotechnology equivalent of the pollution haven hypothesis. We conclude that leading US
nano-scientists have varying perceptions about nanotechnology regulations with some scientists
supporting local regulations, but most scientists supporting national-level or international-level
regulations. Additionally, our results show the emergence of three distinct categories of nano-
scientists that have unique perspectives on nano-regulation: ‘cautious innovators’, ‘nano-

regulators’, and ‘technology optimists’.
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1. Introduction

Nanotechnology is embodied within a suite of the most
promising technologies in the 21st century and is expected
to be the technological foundation for future innovations
(Pitkethly 2004; Retel et al. 2009; Roco 2004; Siegrist et al.
2007). Research and development investments in this field
are growing rapidly throughout the world enabling wider
applications of the technology (Roco et al. 2011).
However, in proportion to its present and potential
benefits to society, concerns about nano-risks to health
and the environment associated with the development, pro-
duction, use and disposal of nano-materials have been
increasing (Hester 2006). Demands for appropriate actions
to address potential risks are intensifying and regulations on
nanotechnology are deemed necessary to protect workers,
the public, and ecosystems that could all be exposed to
nano-materials (Balbus et al. 2006).

Risk is a central factor to be considered in the early stage
of an emerging technology (Meili 2006) and government
regulations to address potential scientific risks can play
a key role in the successful development and application
of nanotechnology. Yet, appropriate regulation of
nanotechnology is challenging because of the diverse and
broad applications of the research area, as well as the risks
and benefits that have not yet been fully identified
(Marchant et al. 2009). Additionally, government regula-
tions at the local, national, and international levels could
potentially overlap and conflict with each other. Thinking
carefully about government levels for regulatory imple-
mentation is essential because international regulations
are often difficult to adopt and implement (Marchant
and Sylvester 2006), and region-specific regulations could
lead to the nanotechnology equivalent of the pollution
haven hypothesis (PHH) (Levinson and Taylor 2008).
Therefore, there is an ongoing debate in the USA about
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who is responsible for the regulation of nanotechnology
(Morris et al. 2011). Since expert opinions can play a key
role in forming public opinion about a technology and,
therefore have a significant impact on policy-makers (Ho
et al. 2010), it is important to explore the perceptions
about regulation held by leading US nano-scientists early
in the regulatory process. In this paper, we present scien-
tists’ perceptions about this issue. We also identify clusters
of scientists, based on their individual values and charac-
teristics, as well as their unique patterns of support for
regulation at different levels of government, to capture
the diversity of opinions that different groups of
nano-scientists might have about nano-regulation. Our
results demonstrate that there are three distinct groups of
nano-scientists that have unique perspectives on
nano-regulation: ‘cautious innovators’, ‘nano-regulators’,
and ‘technology optimists’. Our analysis is based on data
from a 2007 mail survey of 363 leading US nano-scientists
conducted through the Center for nanotechnology in
Society at Arizona State University (CNS-ASU).

2. Nanotechnology regulations and policy
implementation: A case from Wisconsin

In order to contextualize the current discussion about
nano-regulations at the intersection of academe and
policy, we introduce a brief case study to illustrate the
current policy debate surrounding local nano-regulations
in the US state of Wisconsin. Wisconsin is just one of
several US states that have recently explored the regulation
of nanotechnology at a state level; and the issue has been
hotly debated in the state’s capitol (Madison, WI). The
debate began around September 2010 when a special
study committee was convened by the Wisconsin State
Legislature. This special legislative committee was given
the task of examining the human health and environmental
risks associated with nano-materials and subsequently de-
veloping legislation to address these risks (Wisconsin
Legislature’s Special Committee on nanotechnology
2011). In particular, this committee planned to: (1)
complete a review of current regulatory initiatives at all
levels of government; (2) establish a Wisconsin
nanotechnology information hub for nanotechnology
businesses; (3) explore the role of ‘first response’ personnel
who could contain any emergency release of
nano-materials into an open environment; (4) monitor
nanotechnology jobs in the state; and (5) conduct some
research to understand whether or not scientists and
firms address potential risks and meet regulatory
requirements.

Some university scientists in Wisconsin are proponents
of this recent push for local and state-level nano-
regulations, arguing that state agencies have authority to
regulate nanotechnology based on existing state and
federal laws. In addition, these supporters of state and

local nano-regulations argue that current federal law
cannot address the urgent environmental health and
safety aspects of nanotechnology (Powell 2010).

On the other hand, some regional trade groups and uni-
versity scientists in Wisconsin are concerned about the
technological and economic effects of local regulations,
specifically the potential decline in Wisconsin nano-
research and the reduction of nano-related industry jobs
in the area. These proponents of federal-level nano-
regulations argue that Wisconsin could lose its competitive
advantage in the area of nanotechnology in relation to
other regions in the USA if it adopts local or state regula-
tions for nanotechnology (Scheufele 2010).

These concerns expressed by Wisconsin university scien-
tists about local or state-level regulations echo a concept
from environmental policy studies known as the PHH.
Specifically, the PHH suggests that strict regulations in
one local or regional geographical area will encourage
companies to relocate their pollution-intensive factories
and plants to other places with more relaxed regulations.
In the case of environmental policy regulations, for
example, this might mean that pollution-heavy industries
will move to developing nations, taking advantage of the
often less restrictive environmental standards in these
countries (Strohm 2002). Thus, the PHH postulates that
jurisdictions (or regions/countries) with weaker environ-
mental regulations will attract polluting industries that
move from locations with stricter regulations
(Temurshoev 2005). Although this hypothesis has not
been confirmed in all cases (Levinson and Taylor 2008),
translating the PHH to the case of nanotechnology might
mean that these industries would move from local/state
areas in the USA with restrictive regulations to other
regions where regulations are less strict. In many cases
this shifting of nano-industries across US states or
localities could be reduced if regulations on
nanotechnology were implemented across the USA at the
federal level. This might not stop companies from moving
outside the USA for particularly risky nano-research, but
it would supply a more level playing field for
nanotechnology research and commercialization within
the USA. Before presenting the results of our survey, we
briefly introduce some relevant literature on the levels of
government appropriate for the regulation of
nanotechnology.

3. Addressing nano-risks at different levels
of government

In the USA, policy change and implementation at the
federal level can take an extended period of time. This
characteristic of the policy process often translates into a
more reactive than proactive stance by the federal govern-
ment on policy issues; and sometimes important policy
issues reach (or even exceed) a critical stage before an
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appropriate regulatory action is taken (DiLoreto 2010;
Marchant et al. 2007).

As we briefly mentioned when introducing the
Wisconsin case, this time lag in the adoption and imple-
mentation of federal-level regulations has driven some
experts to support local or state-level regulation of
nanotechnology. When the federal government fails to
take action, local governments might choose to implement
regulatory policies because they can move more quickly
than the federal policy process. Those who advocate regu-
lation of nanotechnology at the local level argue that
federal statutes, although they provide some legal author-
ity to address nano-risks, are unlikely to solve the potential
risks of nanotechnology in ‘proactive and preventive ways’
(Davies 2006; Powell et al. 2008). For example, Powell
et al. (2008) stress the disadvantage of national-level regu-
lation of nano-materials and argue that state and local
government can address the risks and concerns of
nanotechnology. Assuming that the federal government
is failing to address nano-related risks, Keiner (2008)
suggests that state and local governments need to fill the
nanotechnology regulation gaps. In another example of
local regulation, Berkeley, CA developed its own reporting
guidelines for nanotechnology risks and became the first
US city to regulate nanotechnology in 2006.

However, local or state regulations have a much
more limited scope of impact and enforceability than
national or international regulations. For this reason,
local regulations might ultimately be challenged at the
federal level after they are adopted by a state or munici-
pality. Additionally, as we highlighted when discussing the
PHH effect, local regulations can create incentives for
nano-companies to move their most dangerous and risky
research to regions or countries with weaker regulations.
Even though some scientists support local regulations,
they also recognize the risks of companies and researchers
moving their resources to less regulated areas (Powell et al.
2008). In addition, state and local agencies are relatively
more exposed to pressures from interest groups and
industries (Rosenbaum 2005). Although Keiner (2008) ad-
vocates local and state regulations of nanotechnology, she
also argues that it is an ‘interim approach’ until a national
system is passed by Congress and becomes a comprehen-
sive law which is supervised by federal agencies. Thus, she
is acknowledging the dangers of having different regula-
tions across the country. Given the limitations of
federal-level or state-/local-level regulations, what about
international regulation of nanotechnology?

When we consider the risks involved in nanotechnology
in the areas of environmental and human health, an inter-
national approach to nanotechnology regulation has many
advantages. For example, international regulation can
address the potential risks of nanotechnology that tran-
scend national borders and can encourage international
cooperation in nanotechnology development while reject-
ing a race to less stringent environmental or labor

conditions (Marchant and Sylvester 2006). Marchant and
Sylvester (2006) argue that ‘much of nanotechnology’s
coming regulations will inevitably fall into transnational
frameworks’ because of these advantages. Yet, internation-
al agreements for the regulation of technologies take much
time, money, and effort because there are multiple players
with diverse regulations and values. For example, gaining
an international consensus on definitions, common no-
menclature, and standards for classification and testing
of nanotechnology and nano-materials could be extremely
difficult (Bowman and Hodge 2007). Furthermore, even
after an international policy has been adopted, the issue
of policy enforcement is particularly difficult at an inter-
national level. Now that we have provided a brief overview
of the existing literature on the levels of the regulation of
nanotechnology, we will present our results that outline
how leading US nano-scientists think about this issue.

4. Methods

The data used in this study were collected in a mail survey
of 363 leading US nanotechnology scientists and engineers
in 2007. The survey was conducted by the University of
Wisconsin Survey Center under the auspices of the
CNS-ASU. The survey was administered in three waves
using the Dillman tailored design method (Dillman et al.
2009). The final response rate was 39.5% based on
standard formulas developed by AAPOR (2008), the
leading professional association in public opinion
research. The sample was based on a complex sampling
frame, designed to identify the first authors and contact
authors for the most highly cited, recent nanotechnology
publications that were indexed in the ISI Web of
Knowledge database. To establish which publications
were within the multidisciplinary field of nanotechnology,
we drew on work by another group in the CNS-ASU.
A detailed description of this group’s refinement pro-
cess for the definition of nanotechnology using specific
bibliometric search terms is outlined by Porter et al.
(2008). In order to develop the final sample, Porter and
his colleagues supplied our team with a database of 91,479
nanotechnology publications that were published between
January 2005 and July 2006. Through a series of filtering
steps, we removed the following categories from the
database: non-US-affiliated scientists, graduate students,
and first or contact authors who were cited less than five
times in the publication database. The final filtering
process produced 1,022 names, which yielded 363
completed questionnaires.

5. Results

The scientists in our sample varied across a series of demo-
graphic variables. As Table 1 demonstrates, about 86% of
the respondents were male and the mean age was 45 years
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old. The majority of the scientists worked in universities
(94%) and 46% of the respondents were tenured profes-
sors. Only about 6% of the scientists worked in industrial
laboratories.

5.1 Local, national, and international supporters

To examine scientists’ perceptions about whether local,
national, or international nano-regulations were most ap-
propriate, we focused our initial analysis on three ques-
tions from the survey data. These questions are the
following (and responses for each question were recorded
on a scale of 1=strongly disagree to 5=strongly agree):
(1) regulation of nanotechnology should be implemented
at the local level; (2) regulation of nanotechnology should
be implemented at the national level; and (3) regulation
of nanotechnology should be implemented at the interna-
tional level. To determine how many of the scientists
were most supportive of each level of regulation of
nanotechnology, we defined ‘highly supportive’ of a

particular level of regulation as a response of 4 or 5 (i.e.

agree or strongly agree) on the questionnaire. The distri-

bution of scientists who were highly supportive and less

supportive of each governmental level for the regulation of

nanotechnology is shown in Fig. 1.
Only 13.5% of the scientists were highly supportive of

regulation at the local level, while 55.2% supported

national-level regulation and 43.3% supported interna-

tional regulation. These results demonstrate that the

majority of the scientists in our sample supported

national-level regulation of nanotechnology and a signifi-

cant group supported international regulation. Yet, scien-

tists’ support for local regulation was relatively low. To

further explore the characteristics of the scientists who

supported each level of regulation, we used statistical sig-

nificance tests to compare the responses of those scientists

who were highly supportive of each level of government

regulation with the other survey respondents. We

compared these groups with a series of three t-tests.

First, we compared the scientists that were highly support-

ive of local regulation (i.e. those that chose a 4 or 5 on the

questionnaire for this question) with all other respondents

to see what sorts of significant differences in values, beliefs

and perceptions emerged. Second, we compared the scien-

tists who were highly supportive of national-level regula-

tion with all others. Lastly, we compared the scientists who

were highly supportive of international regulation with all

other respondents. Analyzing the data in this way allowed

us to capture differences between high-level supporters for

each level of regulation and neutral or lower-level support-

ers in order to explore any patterns or trends. We present

the significant results of this analysis in Table 2. All of the

results displayed in Table 2 represent statistically signifi-

cant differences (at the 0.05 level) between the high-level

Table 1. Mean responses for demographic and career variables

(N=363)

Mean

Demographic variables

Percent male 85.59

Respondent’s age 44.94

Career variables

Percent working in universities 94.20

Percent working in industry 5.80

Percent tenured at a university 46.30

Figure 1. Nano-scientist support for three levels of government regulation of nanotechnology.
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supporters for each level of government (i.e. local, national
or international) and the lower level supporters for that
level of government regulation.

This analysis showed that high-level supporters of local
nano-regulation were more likely than other scientists to
prefer immediate communication with the public about
scientific results; they were also more likely to have a
positive opinion about the role of public opinion in
policy-making. In addition, supporters of local nano-
regulation were younger than the other respondents in
the survey. In fact, the average age of these scientists was
40, which is significantly younger than the high-level sup-
porters of national regulations (average age 44.6) or inter-
national regulations (average age 44.7).

On the other hand, high-level supporters of national-
level nano-regulation were more likely than their peers to
believe that federal entities like Congress and regulatory
agencies (such as the US Food & Drug Administration
(FDA) or US Environmental Protection Agency (EPA))
should play a formal role in communicating with
the public about the risks and benefits related to
nanotechnology. These supporters of national-level regu-
lation were generally more supportive of nano-regulation
than their peers, which is demonstrated by their strong
beliefs that government should protect the public from
the risks associated with nanotechnology. Not surprising-
ly, the high-level supporters of international nano-
regulation were more concerned than their peers about
risks of nanotechnology related to an arms race.
Additionally, those scientists who were supportive of inter-
national regulations were also likely to be highly support-
ive of national regulations.

5.2 Clusters of scientists

Since we found a series of significant differences across the
high-level supporters of local, national and international
regulation, the next step was to conduct an analysis of
scientists’ perceptions to explore how the scientists were
grouped into clusters. To do this, we completed a

hierarchical cluster analysis using Ward’s method. In our
analysis, we included a series of variables from the survey
that focused on scientists’ general perceptions about
science, nano-regulation, and public communication of sci-
entific findings. The full list of variables included in the
cluster analysis is listed in Table 3, organized by the
three clusters of nano-scientists. Fig. 2 shows the dendro-
gram results from the cluster analysis. As Table 3 demon-
strates, our cluster analysis yielded three groups of
scientists: (1) cautious innovators; (2) nano-regulators;
and (3) technology optimists.

The ‘cautious innovators’ (n=93, 27.1%) in our sample
were more supportive of implementing regulations for
nanotechnology at the local level. Additionally, these scien-
tists thought that public opinion is more important than sci-
entists’ opinions for research decision-making and that we
depend too much on science and not enough on faith. This
group was also more likely than their peers to support the
regulations of academic nanotechnology research. The
second group of scientists was the ‘nano-regulators’
(n=109, 31.8%). These scientists were more likely to say
that the government should protect the public from
unknown risks associated with nanotechnology. These
‘nano-regulators’ were also more supportive than their
peers of regulatingnanotechnologyat thenational and inter-
national levels. Lastly, they were more likely to support the
regulation of commercial nanotechnology research.

While many scientists in our sample acknowledged the
importance of nano-regulation, some scientists were less
supportive of restricting advances in nanotechnology
using regulations—i.e. the ‘technology optimists’
(n=141, 41.1%). These scientists were more likely to
think that advancing nanotechnology is more important
than protecting society from its potential risks. These
respondents also believed that scientists know best when
it comes to making scientific decisions that can impact the
public.

To further demonstrate differences in mean responses
for regulations and risk perceptions across the three
groups of scientists we present the descriptive statistics

Table 2. Characteristics of high-level supportersa of various levels of regulation of nanotechnology

Supporters of local nano-regulation Supporters of national regulation Supporters of international regulation

. Prefer open and immediate communica-

tion with public about scientific results

. Are positive about role of public opinion

in policy making

. Think improvement in human abilities is

an important benefit of nanotech

. Tend to be younger

. Believe that US Congress and regulatory

agencies should play a role in public

communication about risks and benefits

of nanotechnology

. Believe government should protect the

public from nanotech risks

. Believe that scientists should pay atten-

tion to public’s wishes

. Are more likely to think that an arms

race is a potential risk of

nanotechnology

. Are likely to support national-level

regulations as well as international

regulations

aHigh-level supporters were scientists who were supportive of each level of regulations (in other words, they chose either agree (4) or strongly agree (5) for the survey

statements which had response categories in the range 1–5)
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for each of the variables in the cluster analysis in Table 4.
The results of a one-way analysis of variance (ANOVA)
for the variables demonstrate significant differences across
the three groups for all variables.

6. Discussion

Our analyses have shown that leading US nano-scientists
vary widely in their perceptions about technology and the

regulation of nanotechnology. Some scientists support

local regulations, but a majority support national-level or
international-level regulations. High-level supporters of

local, national and international regulation differed in

terms of their perceptions about public engagement and

the role of experts in government. For example, supporters
of local nano-regulation were more likely than their

peers to prefer open and immediate communication with

the public about scientific results while supporters of

Table 3. Variables associated with each cluster

Variables Three clusters

. Regulation of nanotechnology should be implemented at local level

. Academic nanotechnology research should be regulated

. Public opinion is more important than scientists’ opinions when making decisions about scientific research

. We depend too much on science and not enough on faith

1

Cautious innovators (CI)

. Regulation of nanotechnology should be implemented at national level

. Regulation of nanotechnology should be implemented at international level

. Commercial nanotechnology research should be regulated

. Government should protect public from unknown risks of nanotechnology

2

Nano-regulators (NR)

. Scientists know best what is good for the public

. Scientists should do what they think is best, even if they have to persuade people that it is right

. Advancing nanotechnology quickly is more important than protecting society from unknown risks

3

Technology optimists (TO)

Figure 2. Dendrogram using Ward method.
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national-level nano-regulations were more likely to say
that Congress and federal agencies should play a role in
engaging with the public.

Our cluster analysis further revealed three groups of sci-
entists with different perceptions about regulation, risk
and the role of science in society. High-level supporters
of local level nano-regulations cluster in a group we
called the ‘cautious innovators’. Compared to the other
scientists in our sample, this group was more likely to
think that society depends too much on science and not
enough on faith or public involvement when making policy
decisions. The second group of scientists can be labeled
‘nano-regulators’ because they were more likely to
support regulation at the national and international level,
as well as the regulation of commercial nanotechnology
research. This group also was more likely to think that
the government has a responsibility to protect the public
from nano-risks. The third and final group was ‘technol-
ogy optimists’. Compared with the other scientists in the

sample, this group did not place a high priority on the
regulation of nanotechnology. They tended to believe
that science is more important than public opinion when
making policy decisions—and that it is more important to
advance nanotechnology quickly than it is to protect the
public from risks.

Although technical and scientific knowledge is clearly
not the only piece of information that policy-makers use
to form regulations, scientists do have an important and
influential contribution to make in the debate about
emerging technologies (Cook et al. 2004). In particular,
when there is a high degree of scientific uncertainty and/
or a lack of evidence regarding the risks of the new tech-
nology, policy-makers often turn to experts for their per-
ceptions about risk and regulation (Corley et al. 2009;
Scheufele et al. 2009).

Our results are relevant for both policy-makers and
nano-scientists. From a policy perspective, we have de-
monstrated that the majority of leading US nano-scientists

Table 4. Mean values for variables across the three clusters

N Mean SD

Regulation of nanotechnology should be implemented at local levelb CIa 93 1.60 0.97

NRa 109 2.64 1.32

TOa 141 1.84 0.93

Regulation of nanotechnology should be implemented at national levelb CI 93 1.99 0.95

NR 109 4.26 0.71

TO 141 3.70 0.83

Regulation of nanotechnology should be implemented at international levelb CI 93 1.41 0.61

NR 109 3.88 1.14

TO 141 3.49 0.91

Academic nanotechnology research should be regulatedb CI 93 1.42 0.73

NR 109 3.42 1.04

TO 141 1.55 0.66

Commercial nanotechnology research should be regulatedb CI 93 1.88 0.98

NR 109 4.27 0.73

TO 141 2.70 1.07

Scientists know best what is good for the publicb CI 93 2.90 1.09

NR 109 2.61 1.19

TO 141 3.13 1.00

Scientists should do what they think is best, even if they have to persuade people that it is rightb CI 93 3.99 0.96

NR 109 3.66 1.13

TO 141 4.11 0.74

Government should protect public from unknown risks of nanotechnologyb CI 93 2.30 1.17

NR 109 4.21 0.94

TO 141 3.11 1.00

Advancing nanotechnology quickly is more important than protecting society from unknown risksb CI 93 3.00 1.29

NR 109 2.01 1.13

TO 141 2.65 1.04

Public opinion is more important than the scientists’ opinions when making decisions about scientific researchb CI 93 1.69 0.77

NR 109 2.06 0.93

TO 141 1.54 0.66

We depend too much on science and not enough on faithb CI 93 1.66 1.07

NR 109 2.12 1.18

TO 141 1.29 0.60

aCI: cautions innovators, NR: nano-regulators, TO: technology optimists
bMean differences are all significant at 0.05 level
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support regulation of nanotechnology at the national level.
While some scientists support local nano-regulations, this
is a smaller percentage in our sample. This finding re-
inforces the intensive efforts that federal agencies
(like the FDA, EPA, and National Institute for Occu-
pational Safety and Health) are currently undertaking
to move forward with national-level regulations for
nanotechnology. From a science perspective, our results
indicate that scientists tend to take three different views
of technology and nanotechnology regulation with sup-
porters of local regulation falling into a different group
from the national or international regulation supporters.
So when scientists engage in debates about the levels of
nanotechnology regulation (as we have seen in Wisconsin
and other states), it is important for them to keep in mind
that they might differ on more than just the level of regu-
lation. They might actually be approaching the larger
regulation discussion from different perspectives about
technology (e.g. more cautious or more optimistic) and
the role of science in society.
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