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Abstract Does national success with an emerging tech-
nology require ethical sacrifices? This question is considered
through the simultaneous consideration of ethics, investment,
and outcomes in the nine jurisdictions that are making the
largest investments in nanotechnologies—an important
emerging technology. It is found that while ethical environ-
ment has no notable effect on pure and applied research, a
more positive ethical environment is associated with measures
associated with invention and commercialization. In sum-
mary, a race-to-the-top supports invention and commerciali-
zation of emerging technologies. A critical finding as it
suggests that issues such as corruption and regulation could be
critical in limiting the extraction of social and economic
benefit from emerging technologies (like nanotechnologies).

Keywords Technology entrepreneurship - Ethics -
Economic development - Government processes -
Creative enterprise - Regulation - Nanotechnology -
Nanoscience

Introduction

The question of whether jurisdictions must make a choice
between either ethics and values or the possibility of eco-
nomic growth based on early mastery of a technology is
considered here in the context of nanotechnologies. This
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article deals with the question of whether a race-to-the-bot-
tom or top exists. A race-to-the-bottom suggests that stan-
dards or taxes will be lowered to try and attract and retain
business or please one or more stakeholder groups. While a
race-to-the-top suggests the opposite that standards or taxes
will actually be increased, thereby, offending some stake-
holder but satisfying others. Although the race-to-the-bottom
is often noted as a taxation issue, many have raised concerns
about the race-to-the-bottom in the ethics literature. These
concerns include leadership issues (Raisner 1997), corporate
social contracts (Cragg 2000), quality of workplace envi-
ronment (Rivioli 2003), and the need for new global business
principals to avoid abusive behaviors. Recently, business
ethics curricula have embraced race-to-the-bottom concerns
as part of the curricula (Crane and Matten 2005). In fact, the
idea of a race-to-the-bottom has been proposed in many
different contexts to indicate sacrifices being made to obtain
an elusive economic goal (Muller 2007; Chan and Ross
2003; Wheeler 2001; Safran et al. 2001; Brueckner 2000;
Pollack 1997). Others (Schneiller and Bartley 2008; Konisky
2007; Choi et al. 2004; Kvist 2004) suggest that although a
race-to-the-bottom is often suggested, it is not supported by
empirical evidence. Alternatively, the literature suggests that
either a race-to-the-bottom or top could occur (Gray 2002;
Brathwaite and Drahos 1999). However, Urbebinen (2010)
disagrees with (Gray 2002) by suggesting that regulations are
likely to lead to a race-to-the-top. Further support for a race-
to-the-top is offered in a variety of contexts (Zeng and
Easting 2007; Baldwin and Krugman 2004; Millimet 2003).
Factors such as an open economy, innovation, and entre-
preneurship are all suggested as being linked to a race-to-the-
top (Goetz et al. 2011; Shin 2004). In this article, we question
whether nanotechnology calls for a race-to-the-bottom with
safety and human considerations being sacrificed to ensure
that economic benefits are not lost to other jurisdictions
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(Marchant and Sylvester 2006). Some argue that there are
circumstances under which economic globalization has led to
a race-to-the-top, while others perceive a race-to-the-bottom.
For example, in the regulation of biological products the
European Union has taken a precautionary approach to reg-
ulation. However, the United States (US) considers these new
products as being no different from products made using
more traditional methods (Prakesh and Kollman 2003).
While in other cases, such as STEM cell research, the US is
much more conservative. Here, we are interested in the case
of nanotechnology in which there are tremendous differences
between countries (Walsh 2004) and many consider the role
of regulation and corruption as critical to the development of
this emerging field (Wilhelm 2002). Whether improvements
or degradation is encouraged by opportunity is an interesting
question to pose as previous empirical studies on related
topics—as previously mentioned—Iend support to sugges-
tions that the pursuit of emerging technologies could lead to
either a race-to-the-top or a race-to-the-bottom.

Nanotechnology is selected as the context as it has been
identified as the next Schumpeterian or Kondratieff eco-
nomic cycle (Linton and Walsh 2008; Wonglimpiyara
2005; Kondratieff 1937; Schumpeter 1934). If this is so,
nanotechnology will be the primary engine of economic
growth for the next several decades, taking the role that the
steam engine and the transistor played years ago. This
possibility is supported by a variety of governments, as
many countries are investing heavily in nanotechnologies
(Mangematin and Walsh 2012; Nikulainen and Palmberg
2010; Romig et al. 2007). Regardless of the relative stage
of economic development of a country or region, govern-
ments have been investing heavily in nanotechnologies
(Motoyama and FEisler 2011; Roco 2011; Drexler 1986,
2004). This is worth noting as historically, developed
countries have invested in emerging areas of science and
technology; however, emerging economies that have not in
the past invested in research in emerging technology are
currently investing in nanotechnologies.

While nanotechnology offers a great deal of economic
promise and possible societal benefits (Pandza et al. 2011;
Manish et al. 2010; Anson et al. 2008; Barton 2007; Cor-
bett et al. 2000), many concerns also exist. Materials—
organic and inorganic—often possess different and possi-
bly toxic properties at the nanoscale that are not present at
the mesoscale where our past experience lies. In addition,
nanotechnology generates potentially invasive solutions
that are poised to affect almost every aspect of daily life.
Finally, teams of biologists, chemists, physicists, and even
social scientists are increasingly collaborating to generate
nanoscale-based knowledge discovery and the necessary
tools and equipment for R&D activities (Boardman and
Ponomarioy 2009; Kautt et al. 2007; Ideker et al. 2001;
Kitano 2001).
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However, the nanotechnology health risks are sub-
stantial as there is little understanding of the toxicology of
nanomaterials (Warner et al. 2004). Consequently, the
likelihood of accidental exposure to hazardous situations is
substantial This is further complicated by low public
awareness (Bostrom and Lofstedt 2010) of the risks
inherent in nanotechnology and a lack of understanding of
the impacts of nanotechnology as can be seen in the pop-
ular press (Kjglberg 2009). In summary, nanotechnology is
invasive and holds both great promise and peril.

Consequently, nanotechnology is subject to government
regulation and increasing discussion of corporate social
responsibility (CSR) (Groves et al. 2011; Cooley 2009;
O’Mathuna 2009). However, there has been limited dis-
cussion of a government’s ethical obligation to prudentially
investigate and develop nanotechnology’s potential for job
creation and increasing societal welfare (Roco 2003). Here,
we consider nine jurisdictions and the role that ethics may
play in relation to the development of nanotechnology
science, technology, invention, and innovation.

We raise the questions which are (1) ethics and the race
for economic advantage unconnected, or more specifically,
(2) is there a race-to-the-bottom, or (3) is there a race-to-
the-top—a positive relation between ethics and technology
development. The question is investigated by considering
the policies, inputs, and the environment of the jurisdic-
tions that are the most active participants in the nano-
technology field. These nine jurisdictions vary greatly in
terms of culture, development, human resources, and
financial resources. Measures of environment, research
inputs, and outputs are introduced. An introduction to each
of the cases is offered. The data is analyzed. Statistics are
utilized to examine the relationship among the environ-
ment, inputs, and outcomes. Finally, the results are dis-
cussed and the conclusions are offered.

Theoretical Development

For benefits to be extracted from science a number of steps or
activities must first occur: basic science, applied science,
invention, and innovation (Tornatzky and Fleisher 1990). An
understanding of the underlying phenomena (theory) is
typically pursued to understand the fundamental nature of
the phenomena—->basic science (Stokes 1997; Tornatzky and
Fleisher 1990). While basic science provides insights to the
underlying phenomena and this may offer insights into the
sort of benefits that can be extracted, one must pursue further
study through the consideration of how to obtain and manage
certain states and characteristics that are inherent to the
phenomena under study. The development of an under-
standing of some phenomena driven by the intent to even-
tually harness or obtain some direct or indirect benefit is
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Applied Science (Stokes 1997; Tornatzky and Fleisher
1990). These activities for the most part are pursued in uni-
versities or government laboratories as they are of a pre-
competitive nature. In the case of both Basic and Applied
Science, success of outcomes is typically measured as the
production of peer-reviewed publications (Stokes 1997;
Tornatzky and Fleisher 1990). The potential to harness direct
or indirect benefit, that is not pre-competitive in nature, is
Invention. Invention is typically measured through the con-
sideration of whether a patent(s) has/have been filed (OECD
2010; Breitzman and Patrick 2002; Harhoff et al. 1999;
Crepon and Duguet 1997). While there are many jurisdic-
tions that one can file patents, the most common is in the US
(USPPTO) or the European Patent Office (EPO). Finally,
benefit is extracted once the invention is taken to market in
the form of one or more products—Commercialization
(Mangematin and Walsh 2012; Maine et al. 2012; Gans and
Stern 2003; Griffin and Hauser 1996).

To consider the relationship of these different stages of
value extraction from an emerging field one must consider the
level of support for research for the emerging field in ques-
tion—that is how much output is obtained for a given level of
input. In terms of race-to-the-top or bottom scenarios further
consider must be given to the nature of the ethical and regu-
latory environment of a jurisdiction. Government regulation
can have many effects, including subverting foreign suppliers
(McGee 2008), influencing purchasing (Forker 1990), and the
creation of crises (Richardson and Curwen 1995). In terms of
racing-to-the-top or bottom regulation can have a major
impact on such areas as welfare (Brueckner 2000), trade
(Schieberg and Bartley 2008; Kvist 2004; Chan and Ross
2003), and the environment (Konisky 2007; Millimet 2003;
Wheeler 2001). As it has been suggested that the uncertainties
and risks associated to nanotechnology prevents governments
from being able to regulate effectively and that industry will
need to have a role in self management (Groves et al. 2011);
considering the ability, speed, and willingness of a jurisdiction
to regulate is insufficient and perhaps even a misleading
measure. Instead it is necessary to consider the ability and
quality of a jurisdiction to self-manage itself appropriately.
That is environments in which CSR is encouraged and thrives
are worth considering. In the case of a race-to-the-top, envi-
ronments in which CSR thrives will be ideal for the pursuit of
emerging technologies. In the case of a race-to-the-bottom,
environments in which CSR is problematic will be ideal for
the pursuit of emerging technologies.

Environment with Respect to Pursuing Emerging
Technologies

To consider the nature of the environment in relation to the
pursuit of emerging technology, it is worth considering

measures that are current, widely available, respected and
offers insight into different aspects of the regulatory and
ethical environment. Corruption (Transparency Interna-
tional 2011), Economic Freedom (The Heritage Foundation
2011), and Ease of Business (World Bank 2011) indexes
were identified as meeting these criteria. The indexes
overlap from the perspective that they give insights into the
nature of regulation—in terms of span, nature, and effec-
tiveness. Economic Freedom and Ease of Business provide
insights into the tendency of the government not to place
limitations and regulations into place that hinders business.
However, regulation that is in place is clear in terms of
intent and its implementation. Corruption (Pearce and
Manz 2011; Halme and Laurila 2009; Pelletier and Bligh
2008; Emerson 2006) is indicative of regulations that are in
place, but not followed consistently (Gao 2011). In a cor-
rupt environment, regulations can be ignored through the
provision of benefits to specific individuals or groups
(Huang and Rice 2012). Corruption is an institutionalized
form of unethical behavior—not merely the activity of a
few unethical people acting in an organized way (Dunfee
1991). Corruption is the act of acculturating unethical
practices, generating a set of norms, values, and ideologies
that encourage unethical behavior, an integral component
of these systems become institutionalized (Donaldson and
Dunfee 1999). Corruption offers a system of competing
ethical norms among various actors within a given econ-
omy (Goel and Nelson 2010). Corruption is widely rec-
ognized as an important contributor to a country’s
environment (Khera 2001; Enderle 1997). There are those
that argue culture, not regulation, is the driver of corruption
(Jing and graham 2008). While there is a rich literature in
this area (Judge et al. 2011; Earle et al. 2010; Blackburn
and Forgues-Puccio 2009; Bailey and Spicer 2007; Sah
2007; Dunfee 2006), this possibility is considered outside
the scope of this research. It is also worth noting that recent
studies have suggested that SMEs, if organized in clusters
that create anticorruption policies, create the institutional
intelligence needed to be both innovative and ethically
engaged (von Weltzein Hoivik and Shankar 2011; Solleiro
and Castanon 2005).

This study utilizes global rankings of a nation’s perceived
status to better understand the relation between the envi-
ronments a country provides for the pursuit of emerging
technologies. Three measures of nations are proposed to
capture differing aspects of government and societal pro-
cesses that may affect the nanotechnology development
processes. These rankings involve the amount of interven-
tion presented to companies in a jurisdiction—Ease of
Business—which considers the extent of regulatory gov-
ernment activities (World Bank 2011), the amount of inter-
vention or control on the economy a government exhibits—
Economic Freedom (Qerimi and Sergi 2012; The Heritage
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Foundation 2011; Strong 2009), and the extent of Corruption
a state is perceived to exhibit (Transparency International
2011; Warren and Luafer 2009). We use these three mea-
sures to operationalize and better understand the differences
in environment. As the context of this study is how these
governmental measures affect the societal value derived
from nanotechnologies as an emerging technology, this field
and the jurisdiction pursuing it are now considered.

Hypotheses

To consider whether the ethical and societal environment is
irrelevant to the extraction of value from a new field of sci-
ence, we expect the following alternative hypotheses to be
supported. A race-to-the-top is implied by positive rela-
tionships between outputs and Ease of Business and Eco-
nomic Freedom and negative relationships between outputs
and Corruption. Similarly, a race-to-the-bottom is implied
by negative relationships between Ease of Business and
Economic Freedom and positive relationships with Corrup-
tion. If there is neither a race-to-the-top nor a race-to-the-
bottom, a statistically insignificant correlation between out-
puts and environmental variables are anticipated.

For Ease of Business
H1, There is no relation between Ease of Business and
Pure Science output (science papers/funding).

H2, There is no relation between Ease of Business and
Applied Science output (technology papers/funding).

H3, There is no relation between Ease of Business and
Invention output (US Patents/funding and European Pat-
ents/funding).

H4, There is no relation between Ease of Business and
Product Development output (Products/funding).

For Economic Freedom
HS, There is no relation between Economic Freedom and
Pure Science output (science papers/funding).

H6y There is no relation between Economic Freedom and
Applied Science output (technology papers/funding).

H7, There is no relation between Economic Freedom and
Invention output (US Patents/funding and European Pat-
ents/funding).

HS8, There is no relation between Economic Freedom and
Product Development output (Products/funding).
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For Corruption

H9, There is no relation between Corruption and Pure
Science output (science papers/funding).

H10, There is no relation between Corruption and
Applied Science output (technology papers/funding).

H11, There is no relation between Corruption and
Invention output (US Patents/funding and European Pat-
ents/funding).

H12, There is no relation between Corruption and
Product Development output (Products/funding).

In the case of a race-to-the-bottom or the race-to-the-top
there will be a statistically significant difference between
the correlations of the output variable with the measures of
the local environment. More specifically for a race-to-the-
bottom to be indicated there will be an increase in ranking
(Ease of Business and Economic Freedom) as the value of
the input/output ratio increases (Science—pure and
applied, Invention and Product per unit of funding for all),
but as score increases (Corruption) the value of the input/
output ratios will decrease.

Alternatively, if there is a race-to-the-top, there will be a
statistically significant difference between the correlations
of the input/output variable ratio with the measures of the
local environment. More specifically as the ranking
increases (Ease of Business and Economic Freedom) the
value of the input/output ratio will decrease (Science—
pure and applied, Invention and Product per unit of funding
for all) and as the score increases (Corruption) the value of
the input/output ratios will increase.

Nanotechnology as an Emerging Technology

Since the discussion of there being “plenty of room at the
bottom” over 50 years ago (Feynman 1960) futurists see that
the translation of nanotechnology’s technical potential to
increasingly become a driver for social and economic
change. Nanotechnology promises to deliver smaller devices
that consume lower levels of raw materials and demand less
energy while delivering greater benefit than traditionally
constructed devices. In the process, nanotechnology has the
potential to create new industries, new patterns of con-
sumption, new ways to manufacture products, and new
products (Linton and Walsh 2008; Boardman 2008). It is
expected that the global market for nanotechnology-enabled
products will reach US$ 2.41 trillion by 2015, 15 % of the
projected global manufacturing, compared to only 0.1 % in
2006 (Global Industry Analysts 2011). In 2011, there are
about 1,300 Nano-enabled commercial retail products in the
commercial marketplace in nations around the globe, up
from only 212 in 2006 (PEN 2011).
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For these reasons, emerging technologies, such as
nanotechnology, are perceived by many as a future bat-
tleground for economic prosperity (Motoyama and Eisler
2011; Roco (2011); Manish et al. 2010; Thukral et al.
2008). Since the early 2000’s, nanoscience research,
nanotechnology research, and development have increased
steadily globally (Romig et al. 2007). In fact, nanoscience
and nanotechnology has expanded drastically on all
dimensions during this period—publications, patents,
government funding, and private sector spending. Financial
support for nanotechnology expanded to nearly US$
18 billion worldwide in 2009 (Hwang 2010). By the end of
2011 the total government funding for nanotechnology
research worldwide will be $65 billion, rising to
$100 billion by 2014 (Cientifica 2011). Several nations
developing nanotech programs are currently undergoing an
assessment of their research environment and capabilities;
developing human capital; addressing institutional issues;
mapping their regulatory, private, and public governance
structure; and examining stakeholder issues (Groves et al.
2011). Nanotechnology promises not only economic ben-
efits in the future, but also answers to basic needs such as
clean water, renewable energy, agricultural production,
and health care issues (Roco 2011). Nanotechnology is
particularly interesting due to the expanding investments
in technology being made by emerging economies so as
to better compete with more developed nations in the
future (Ratinho and Henriques 2010). By 2015, nearly
$250 billion will have been invested in nanotechnology.
Consideration is now given to the nine jurisdictions that are
making the largest investments into nanotechnologies.

Summary of Nine Jurisdictions with Largest
Investments in Nanotechnology

A synopsis of each of the jurisdictions is provided in
Table 1. The commitment of each jurisdiction to nano-
technology is provided then information relating to each
investment into nanotechnology is summarized by year
since 2000 in Tables 2 and 3 (utilizing data from Cientifica
(2011)).

China and Nanotechnology

As China has grown to become the second largest economy in
the world (2010), investment in R&D has increased substan-
tially (Wong 2011). The government’s intent is to have inno-
vation drive future development in China. Since 1999, R&D
expenditures have expanded at a 24 % annual rate (Liu
et al.2009) and nanotechnology is one of the strategic priorities.

The Chinese National Nanotechnology Development
Strategy for 2001-2010 was developed by the Chinese
National Steering Committee for Nanoscience and Nano-
technology formed in 2000. Between 2005 and 2007, the
government spent about US$ 893 million and the private
sector US$ 348 million (Lux 2008). Between 2006 and
2010, China invested US$ 760 million in its nanotechnol-
ogy industry (Institute of Nanotechnologies 2011). Chinese
nanotechnology research involves about 70 academic
institutes, 50 universities, 20 research institutes, and more
than 100 firms. The large majority of these research centers
and firms are located in Beijing, Shenyang, Shanghai,
Hangzhou, and Hong Kong. China’s top nanotechnology
research institutions are the Chinese Academy of Sciences,
Tsinghua University, Fudan University, Jiatong University,
University of Science and Technology of China, Najing
University, Peking University, Shandong University,
Zhejiang University, and Shanghai Jiao Tong University.
As the largest concentration of Chinese nanotechnology
centers are concentrated in Beijing and Shanghai most
public funding is allocated to these two regions (Dillemuth
et al. 2011). The Pentagon estimates that in 2007, China
spent close to US$ 139 billion in military projects related
in some way to nanotechnology (Vance 2008). The number
of nanotechnology patents in China has increased from
4,600 to 12,000 in 2009 (Institute of Nanotechnologies
2011; Preschitschek and Bresser 2010).

Germany and Nanotechnology
A number of worldwide studies illustrate Germany’s rapid

advance in the field of nanotechnology research, develop-
ment, and early stage commercialization (Lux 2011;

Table 1 General indicators of size, economic activity and R&D for jurisdictions studied [population in millions, GDP $ in trillions, R&D% of

GDP—Batelle (2010) and International Monetary Fund (2011)]

Indicator Cn Gr In Ip Ru SK Tw UK UsS
Population 1,340 81 1,120 127 142 49 23 62 312
GDP rank 2 4 9 3 11 15 24 7 1
GDP (3) 5.88 3.29 1.63 5.46 1.48 1.12 0.43 242 14.53
R&D Rank 2 4 8 3 10 5 13 7 1
R&D (%) 1.4 23 0.9 33 1.0 3 2.3 3 2.7

Jurisdictions considered: Cn People’s Republic of China, Gr Germany, In India, Jp Japan, Ru Russia, SK South Korea, 7w Taiwan, UK United

Kingdom, US United States of America
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Table 2 Annual government research expenditures on nanotechnology—in US$ millions (Cientifica 2011)

Years Cn Gr In Ip Ru SK Tw UK UsS

2000 5 120 7 250 5 5 5 20 250
2001 5 250 7 720 5 120 5 20 500
2002 5 250 7 700 5 210 5 70 700
2003 5 300 7 800 5 230 75 140 800
2004 200 350 7 850 5 240 150 220 1,250
2005 210 375 20 850 5 260 150 140 1,500
2006 650 450 25 700 15 300 150 130 1,600
2007 750 500 80 720 200 310 150 150 1,700
2008 950 700 80 770 1,600 350 150 220 1,800
2009 950 600 80 800 1,750 375 190 220 2,000
2010 950 700 80 850 1,800 400 200 210 2,200
2011e 1,300 775 80 900 1,900 420 200 210 2,100
Totals 6,000 5,370 480 9,110 7,295 3,220 1,430 1,750 16,400

Jurisdictions considered: Cn People’s Republic of China, Gr Germany, In India, Jp Japan, Ru Russia, SK South Korea, 7w Taiwan, UK United

Kingdom, US United States of America

Table 3 Annual government research expenditures of nanotechnology—adjusted for PPP—in US$ millions (Cientifica 2011)

Years Cn Gr In Ip Ru SK Tw UK UsS

2000 10 100 10 200 10 10 10 10 250
2001 10 200 10 600 10 200 10 10 500
2002 10 200 10 600 10 300 10 50 700
2003 10 250 10 650 10 310 100 100 800
2004 250 275 10 700 10 320 200 200 1,250
2005 300 300 80 700 10 320 200 120 1,500
2006 1,100 400 90 600 10 400 200 120 1,600
2007 1,800 500 120 600 300 420 200 120 1,700
2008 1,900 500 120 650 3,000 450 200 120 1,800
2009 1,850 550 120 700 2,700 475 250 120 2,000
2010 1,800 550 120 650 2,600 500 300 120 2,200
2011e 2,300 650 120 650 2,500 650 300 120 2,100
Total 11,340 4,475 820 7,300 11,170 4,355 1,980 1,210 16,400

Jurisdictions considered: Cn People’s Republic of China, Gr Germany, In India, Jp Japan, Ru Russia, SK South Korea, 7w Taiwan, UK United

Kingdom, US United States of America

Cenitifica 2011; Preschitschek and Bresser 2010; Sargent
2008). Germany leads the European Union in nanotech-
nology research, development, and early stage commer-
cialization. Germany has the highest value of EU and
government-funded projects, as well as the most companies
active in nanotechnology. German government policy
focuses on sustainability and technology development. The
country is considered well above average in commitment to
nanotechnology (Sargent 2008).

The German Ministry for Education and Research
(BMBF), the federal body governing nanotechnology in
Germany started by focusing on basic research in the early
1990’s. However in 2001, the new focus on a national sus-
tainability strategy favored application of nanotechnology as
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it met eleven of twenty-one measures and three of the four
guiding principles of the strategy. The German Nano Ini-
tiative — Action Plan 2010-2015 focuses on nanotechnology
applications in energy, health, food and agriculture, mobil-
ity, communication, and security.

India and Nanotechnology

While India has become the world’s leader in export of IT
services over the last two decades, India lacks a micro-
electronics manufacturing industry. Investments in nano-
technology R&D are aimed at ensuring that another great
manufacturing opportunity is not missed. For this purpose a
series of programs have been developed: (1) Nanoscience
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and Technology Initiative (NSTI) from 2001 to 2006, (2)
the Nanoscience and Technology Mission (NSTM) in
2007, and (3) the Nano Mission Initiative from 2007 to
2012. The Nano Mission Initiative was launched with a
budget of US$ 44 million over a 5-year period aimed at
building capacity in nanotechnology related skills and
research (Manish et al. 2010). India’s Nano Mission
Council will implement a Nanotechnology Regulatory
Board to regulate nanotechnology-based products: water
filters, biomedical products, chemicals, paints, as well as
health and wellness. Funding is growing at a much slower
rate than the other cases considered in this article.

Japan and Nanotechnology

In 1981, the Exploratory Research for Advanced Tech-
nologies (ERATO) initiated a government commitment to
the advancement of research and development into nano-
technology. This early start was probably in part due to the
prominence of Taniguchi (1974) who is considered by
many to have named the field of nanotechnology. The
Ministry of International Trade and Industry (MITI), Sci-
ence Technology Agency (STA), and Monbusho (Ministry
of Education, Science, Sports, and Culture) joined in the
funding of basic research on nanoscience through Science
and Technology Law 130.

Nanotechnology research and development is also active
in the corporate sector. In 2004, investment by private
funders reached US$ 18 billion. Industrial research is
concentrated at Hitachi, NEC NTT, Fujitsu, Sony, and Fuji
Film. Finally, a growing number of small firms are
developing nanotechnology in Japan.

Russia and Nanotechnology

Between 1980 and 2008, Russia dropped from 7th place to
14th place in scientific publications. There has also
been little activity over this time in patent development.
Furthermore, corporate R&D as a percentage of total R&D
has fallen to 10 % in Russia compared to over 60 % in
Germany (Gokhberg and Kuznetsova 2011). Russia is
implementing R&D policies to assist in diversifying away
from reliance on heavily oil and gas toward a more
knowledge-intensive, innovation-driven economy (Liu
et al. 2009). There is a desire to redevelop the Russian
traditions of basic and applied research that existed in the
days of the Soviet Union (Swiss Business Hub Russia
2011). In 2006, a commitment to build a new nanotech-
nology industry was made. Russia has allocated US$ 11
billion to support nanotech research (Swiss Business Hub
Russia 2011; Lux Research 2011). In 2009, 82 % of
investments in nanotechnology R&D was subsidized by the
federal government.

RusNano is the program used to promote, finance, and
plan the development of the Russian nanotechnology
industry. By late 2010, RusNano had funded 94 nano-
technology projects for a total amount of 7.2 billion euros.
As well as funding homegrown nanotechnology foreign
firms like US-based IPG Photonics are being funded if they
commit to manufacturing in Russia. RusNano is investing
in 19 regional nanotechnology commercialization centers.
Finally, RusNano is involved in over 36 educational pro-
grams: including and entrepreneurship program with MIT
Sloan School of Management (MIT 2010). It is worth
noting that a willingness to invest in the commercialization
of academic nanotechnology research is a departure from
previous local practice.

South Korea and Nanoechnology

South Korea is betting heavily on nanotechnology to
improve its high tech competencies. The continual
improvement in funding, publications, and nano-enabled
commercial output is to the point where some observers
(Lux 2008) see South Korea as having surpassed the US in
the race for commercializing nanotechnology-based prod-
ucts. Between 1997 and 1999, South Korea had a
respectable 1.8 % of world publications (Hullman and
Meyer 2003) due to the tripling of its publication output in
the science and engineering of nanotechnology. This trend
has continued, Korea’s share of worldwide nanotechnology
publications is now >3 % (Wong et al. 2007). Furthermore,
Lux (2008) has estimated that South Korea will spend more
than $500 million on government-funded nanotechnology
R&D. South Korea spends more on R&D as a percent of
GDP than any other country in this study. The national
strategy focuses on Nanotechnology as a critical provider
for the next generation economy. South Korea has been
active in developing nanotechnologies with other countries,
most recently with Russia, Singapore (Institute of Nano-
technologies 2011), and Thailand (Asian Scientist 2011).

Taiwan and Nanotechnology

Taiwanese investment into nanotechnology started early,
but was insignificant until 2003. Taiwan invests a much
more significant amount as a percent of GDP in nano-
technology research than any other country in this study.
The initial focus of Phase 1 (2003-2008) was to develop
knowledge and industry. The second phase focused on
nanoelectronic and optoelectronic technology, nanoscale
instruments, nanotechnology for energy and environmental
applications, and nanoscale biomedical research. Taiwan
has made attempts to utilize Eskowitz’s triple helix
(Johnson 2008) by linking the university, government, and
industry to address nanotechnology research development
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and initial commercialization. Taiwan is considered to be
one of the most adept jurisdictions in exploiting emerging
technologies (Cientifica 2011), due to their relative level of
success.

The United Kingdom (UK) and Nanotechnology

UK policy makers’ state that Nanotechnology is a key to the
redevelopment of technology-based knowledge economy in
the UK (Knowledge Transfer Network 2010). Certainly, the
UK has a great number of nanotechnology-based activities.
A number of UK centers of research excellence have been
involved with both of the European Union’s framework bio-
nanotechnology initiatives—for example: Nano for Life
and Frontiers. Furthermore, the UK is one of the first
countries to see the economic development potential of
nanotechnology as well as one of the first countries to see its
potential peril and call for its regulation in the workplace
and in the society (Winans 2011). The UK has spent well
over one billion dollars to foster the responsible growth of
nanotechnology. By 2011, the UK ranked second only to
Germany in the number of Nanotechnology-based compa-
nies in Europe (Winans 2011). The UK is one of the top 10
countries in terms of commercializing emerging technolo-
gies (Cientifica 2011) and is poised to focus on nanotech-
nology-based commercialization. The greatest focus for
nanotechnology within UK firms is specialty chemicals,
sensors, coatings and inks, medical devices, and drug
delivery (Knowledge Transfer Network 2010).

The US and Nanotechnology

The Unites States announced the National Nanotechnology
Initiative (NNI) in 2000, the first integrated national nano-
technology research program in the world. NNI invests
across 13 US government departments for nanotech
research. Between 2003 and 2008, US investments in
nanotechnology did not keep pace with the rest of the world
(18 % increase in the US vs. 27 % increase in others juris-
dictions). Elements of the NNI have been adopted by at least
60 countries (Roco 2005). The US NanoMetro Map (PEN
2011) highlights more than 1,200 companies, universities,
government laboratories, and other organizations that are
involved in nanotechnology research, development, and
commercialization—this is double the number of partici-
pants 2 years earlier. Nevertheless, country commitment to
nanotechnology is evaluated in the US as below average
(Sargent 2008). However, a study found that each year since
1990, US assignees have accounted for approximate two-
thirds of all nanotechnology-related patents in the USPTO
database (Li et al. 2007). The NNI today has numerous
programs to accelerate nanotechnology development in
support of US Policy through the Office of Science and
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Technology Policy (OSTP) which the NNI states is “inten-
ded to enable the rapid advancement of science and tech-
nology in the service of national economic, security, and
environmental goals by focussing resources on critical
challenges and R&D gap” (NNI 2011).

Having provided overviews of policy and activities in
different jurisdictions methodology and supporting data are
considered.

Method

The study of nine jurisdictions is employed to generate an
understanding of differences and similarities in the various
locations regarding research inputs, outputs, and measures
that represent the ethical environment of the jurisdiction.
Purposive sampling was utilized in the selection of nine
jurisdictions that have both substantial activity in nano-
technology research and accessible and verifiable infor-
mation on programs and budgeting. The nine locations
have been chosen because they have invested in nano-
technology to a higher degree than others. Moreover, there
is data available that is internationally verifiable—whereas
some other locales do not have investment data that can be
verified. Finally, these countries have made nanotechnol-
ogy a national policy imperative and have very different
policies and index relationships. These nine jurisdictions,
importantly, have significant variation on measures asso-
ciated to the presence/absence of an ethical environment.
Secondary source data is utilized in this study for the nine
candidates: China, Germany, India, Japan, Russia, South
Korea, Taiwan, UK, and USA.

To control for differences in the investments between
countries the output measures for all four of the different
stages—science, technology, invention, and commerciali-
zation—are adjusted based on the magnitude of the
investment (see Table 2) and purchasing power parity
(PPP) (see Table 3). Basic science output is based on the
number of peer-reviewed articles on the subject nanosci-
ence (c) appearing in Scopus (www.scopus.com). Applied
Science output is based on the number of peer-reviewed
articles on the subject nanotechnology (NSB 2010; Youtie
et al. 2008; Kostoff et al. 2007; Kostoff et al. 2006; Grupp
and McGee 2004) appearing in Scopus (Www.scopus.com).
Invention output is based on the number of patents that
appear in the US and European patent office databases
(Motoyama and Eisler 2011; Preschitschek and Bresser
2010; Lee et al. 2009; Chen et al. 2008; Leydersdorff 2008;
Youtie et al. 2008; Li et al. 2007). Information for the
European Patent Office was collected for each jurisdiction
suing the search term: nanot* or nanop* or nanom* or
nanoc* or nanos* or nanob* or nanoim* or nanof* in
the full text AND country or jurisdiction of interest as
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Table 4 Output data utilized: Basic Science—nanoscience publications, Applied Science—nanotechnology publication, Invention—USPTO

and EPO patent counts, and Commercialization—product count

Metric Cn Gr In Jp Ru SK Tw UK [N

Nanoscience publications 1,790 697 613 1,209 268 399 258 475 1,852
Nanotechnology publications 6,655 4,328 1,921 4,546 1,092 3,060 1,568 3,379 18,937
USPTO 945 4,769 509 12,869 300 3,469 2,411 2,114 54,216
EPO 194 5,361 5 9,333 91 1,040 229 900 14,469
Product count 55 168 2 51 0 126 30 83 587

Jurisdictions considered: Cn People’s Republic of China, Gr Germany, /n India, Jp Japan, Ru Russia, SK South Korea, 7w Taiwan, UK United

Kingdom, US United States of America

Table 5 Data on environment of different jurisdictions utilized
(World Bank 2011; Heritage Foundation 2011; Transparency Inter-
national 2011)

Years Cn Gr In Jp Ru SK Tw UK US

Ease of business 79 19 134 20 123 8 25 7

Economic 135 23 124 20 143 35 25 16 9
freedom

Corruption 3.6 8 3.1 8§ 24 54 6.1 54 7.1

Jurisdictions considered: Cn People’s Republic of China, Gr Ger-
many, In India, Jp Japan, Ru Russia, SK South Korea, 7w Taiwan, UK
United Kingdom, US United States of America

the applicant. Information for the US Patent Office was
collected for each jurisdiction using the search term:
((mano$ AND (((((((((2011 OR 2010) OR 2009) OR 2008)
OR 2007) OR 2006) OR 2005) OR 2004) OR 2003) OR
2002)) AND ICN/[country or jurisdiction of interest).

Commercialization output is based on the number of
products listed in the nanotechnology product database
(Nanotechnology products 2011). In an effort to ensure that
the data is as accurate and repeatable as possible, searches
were conducted during the revision process. In the case of
publication counts and products counts the most recent data
collection was on Dec 16, 2011 and for patent counts a
query was last run and recorded on Oct 11, 2011. The
output data (prior to division by investment adjusted by
PPP) is summarized in Table 4. The three measures of
environment, Corruption, Ease of Business, and Economic
Freedom, are summarized in Table 5.

Results

There is a strong correlation between the three different
measures of ethical and regulatory environment. More
specifically, Ease of Business and Economic Freedom have
a strong positive (r = 0.94, p = 0.00018) correlation—
they both increase and decrease simultaneously. As Cor-
ruption increases both FEase of Business (r = —0.89,

p = 0.00142) and Economic Freedom (r= —0.94,

Table 6 Summary of correlations used to test the various hypotheses

Correlation Ease of Economic Corruption—

(statistical business—rank freedom— score

significance) rank

Science 0.38 (0.32) 0.19 (0.62) —0.13 (0.73)
publications/
funding

Technology —0.08 (0.83) —0.22 (0.57) 0.26 (0.50)
publications/
funding

US patents/ —0.69 (0.039) —0.79 (0.012) 0.74 (0.022)
funding

European patents/ —0.065 (0.059) —0.72 (0.029) 0.88 (0.002)
funding

Product —0.69 (0.038) —0.68 (0.043) 0.69 (0.039)
development/
funding

All values that are statistically significant at a level of 5 % or better
have been placed in a bold font

p = 0.0002) decrease due to the strong negative correla-
tion. Hence, a Race-to-the-Bottom involves an increase in
Corruption accompanied by decreases in Ease of Business
and Economic Freedom. While a Race-to-the-Top involves
an increase in Ease of Business and Economic Freedom
accompanied by a decrease in Corruption. The associated
correlations are considered in Table 6.

From the perspective of the hypotheses, the results are
summarized in Table 7 and follows below:

For Ease of Business

H1, There is no relation between Ease of Business and
Pure Science output (science papers/funding).
Supported—no race-to-the-bottom or top.

H2, There is no relation between Ease of Business and
Applied Science output (technology papers/funding).
Supported—no race-to-the-bottom or top.

H3, There is no relation between Ease of Business and
Invention output (US Patents/funding and European Pat-
ents/funding).
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Table 7 Implication of correlation to racing toward the top or bottom
for different stages of science, technology, and innovation

Ease of Economic Corruption—
business— freedom—rank score
rank
Basic science No race No race No race
Publications/
funding
Applied science No race No race No race
Publications/
funding
Invention Race-to-the- Race-to-the- Race-to-the-
US patents/ top top top
funding
Invention No race Race-to-the- Race-to-the-
European patents/ top top
funding
Commercialization Race-to-the- Race-to-the- Race-to-the-
Product top top top
development/
funding

Partially Supported and Not Supported—race-to-
the-top.

H4, There is no relation between Ease of Business and
Product Development output (Products/funding).
Not Supported—race-to-the-top.

For Economic Freedom

H5, There is no relation between Economic Freedom and
Pure Science output (science papers/funding).
Supported—no race-to-the-bottom or top.

H6, There is no relation between Economic Freedom and
Applied Science output (science papers/funding).
Supported—no race-to-the-bottom or top.

H7, There is no relation between Economic Freedom and
Invention output (US Patents/funding and European Pat-
ents/funding).

Not Supported—race-to-the-top.

HS8, There is no relation between Economic Freedom and
Product Development output (Products/funding).
Not Supported—race-to-the-top.

For Corruption
H9, There is no relation between Corruption and Pure

Science output (science papers/funding).
Supported—no race-to-the-bottom or top.
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H10, There is no relation between Corruption and
Applied Science output (science papers/funding).
Supported—no race-to-the-bottom or top.

H11, There is no relation between Corruption and
Invention output (US Patents/funding and European Pat-

ents/funding).
Not Supported—race-to-the-top.
H12, There is no relation between Corruption and

Product Development output (Products/funding).
Not Supported—race-to-the-top.

Discussion

Emergent technologies like nanotechnologies offer greater
risk than more traditional technologies. Emerging tech-
nologies often result in new innovation models (Walsh
et al. 2002) and business models (Allarakhia and Walsh
2011) resulting in greater upside and downside risk. While
some suggest that emerging technologies require more
proactive regulatory action (Prakesh and Kollman 2003),
increasing complexity and technology convergence com-
plicates proactive regulation (Tierney et al. 2012). The
belief that race-to-the-bottom policies are more effective in
quickly generating benefit is investigated by the authors in
this study. We found that this is not the case.

The results are consistent in suggesting that early stages
of discovery of scientific researches—basic and applied
academic researches—are unaffected by the context in
which they are conducted under. More specifically differ-
ences in ease of business, economic freedom, and corrup-
tion are not drivers or inhibitors of success for research—
either basic or applied. As pure and applied research rely
heavily on the activity of individual or small teams of
individuals, it is perhaps unsurprising that this is not an
important factor. The absence of structural or ethical
impediments does not appear to be helpful for the scientific
discovery process—basic and applied research—at least in
the terms of publications. While this does not prove the
absence of a race-to-the-bottom or the top, it does suggest
that this is the case for nanotechnologies and perhaps other
emerging fields.

However, a different finding is present as we consider
the move away from research toward actual products. The
measures of invention (European and US patents) and
development and introduction of products (products) show
a positive relationship between high rankings for jurisdic-
tions suggesting that for inventions and commercial prod-
ucts there is a race-to-the-top. While one might argue that
an environment that lacks all constraints (including ethical
barriers) may allow for rapid product development through
the provision of an environment where anything goes, the
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opposite is found to be the case. It is likely that the pres-
ence of clearly defined rules, higher levels of disclosure,
greater levels of trust, and reduced costs (associated to
lower levels of corruption) results in the appropriate set of
ethical rules and guidelines providing the best outcomes for
development of commercial products. For example, the
presence of appropriate intellectual property rules, proce-
dures, and protections raises the likelihood that products
are developed and brought to market as the inventors
believe that they are likely to appropriate the value asso-
ciated with their effort. While in a race-to-the-bottom
environment, scientists are not hindered from publishing;
however, inventors are hesitant to commit resources to
products as they are unlikely to benefit from their invest-
ment and effort.

Clearly, consideration of a single class of emerging
technologies from the perspective of a few metrics is
insufficient evidence to base the development of regula-
tions and systems of ethics. However, these findings do
provide evidence of a strong positive relationship between
commercial success in an emerging technologically based
industry and a race-to-the-top. This calls for further
research into what aspects of the ethical and regulatory
environment lead a jurisdiction to better support the
extraction of economic and social benefits out of emerging
technologies. Given that there is evidence of a statistical
relationship, future research should take a more qualitative
approach to capture the hidden richness of relationships
and identify specific mechanisms that will efficiently pro-
vide suitable precautions while enabling the harvesting of
benefit.

Implications to Theory and Practice

Based on the metrics considered in this article the evidence
is that the ethical and regulatory environments are irrele-
vant to the production of scientific and technological
results. However, as one moves away from pure and
applied science to invention and commercialization then
the effect of the environment becomes apparent. It is
suggested that the findings reflect a race-to-the-top as
environments that are open are the most successful per unit
of funding. For example, the existence of corruption cre-
ates artificial barriers to invention and commercialization.
Economic Freedom and Ease of Business also result in
greater success in invention and commercialization. While
many would suggest that this is indicative of an environ-
ment where anything goes and as such supports a race-to-
the-bottom what we see is that jurisdictions with Economic
Freedom and Ease of Business work to reduce the number
of societal barriers that firms and individuals face. How-
ever, the fewer rules that exist are more likely to be
adhered to. That is Corruption is a significant issue in the

absence of Economic Freedom and Ease of Business.
However, Corruption is associated with the presence of a
large number of regulations, requirements, and/or rules.

Economic Freedom and Ease of Business are in line with
a race-to-the-top when regulations are few, but the regu-
lations put in place are carefully crafted creating simple
and obvious relations. For example, a carbon tax clearly
makes the generation of carbon dioxide less attractive and
in doing so helps to eliminate the economic negative
externality (societal penalty) associated with green house
gases. While, funding or requiring specific technologies to
be utilized forces certain invention and commercialization
paths to be followed that may be influenced by good intent,
but is also susceptible to special interests and corruption.
An interesting possible explanation of the empirical results
is that our lack of understanding on what the right sort of
regulations, safeguards, and constraints are required results
in the decision that are made to constrain the economy are
made naively allowing for corruption, emotions, and spe-
cial interests to govern. Hence, the appropriate path to
protect society from the negative externalities that the
development of emerging technologies can have is to put
regulations in place where they are clearly warranted (such
as lab safety), ensure funding and scientific capabilities to
gain a better understanding of possible societal impacts on
the technology (toxicity, risk, effects on existing systems),
and to ensure that the rules and regulations that do exist are
followed strictly and consistently. A jurisdiction that fails
to provide an appropriate ethical environment may be able
to have substantial activity in the pure and applied sci-
ences. However, inventors and entrepreneurs are likely to
either not attempt to develop their ideas and products at all
or move to another jurisdiction as they move toward the
commercialization stage.

Conclusions

The argument that economic development is supported by
a race-to-the-bottom is not supported by this study of the
pursuit of emerging technologies in different jurisdictions.
We find that racing in either direction (fop or bottom)
appears to be irrelevant to the production of scientific and
technical results, the important factor here is funding.
However, as we move toward invention and commercial-
ization the presence of Corruption (race-to-the-bottom) is
problematic. Economic Freedom and Ease of Business
support invention and commercialization. As examples of
Economic Freedom and Ease of Business may suggest to
some that one allows business to do anything, it is
important to note that these measures are strongly related to
having a clear and consistent set of rules and regulations
that allow decisions to be made that reflect societal needs
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and requirements of the host jurisdiction. In the absence of
knowledge and understanding of the technical risks and
societal implications of emerging technologies, attempts to
regulate or control are bound to failure as their formation
will not be driven by the solution of an identified threat or
problem. Hence, ideally emerging technologies are devel-
oped to offer economic and social benefits in an environ-
ment that incorporate economic freedom with ease of doing
business, but that this is moderated by an integrated, but
independent, programs of research to identify potential
negative side effects of a technical nature—such as toxic-
ity—and a societal nature—such as damage to communi-
ties (e.g., Hightower (1973) and Rogers (1995)). Hence,
this article call for an increased integration between sci-
entific research and the study of the risks, benefits, threats,
and opportunities associated with it. In doing so, the eco-
nomic and social benefits of emerging technologies can be
enjoyed, while the risks to individuals, society, and the
environment can be minimized.

References

Allarakhia, M., & Walsh, S. T. (2011). Analyzing and organizing
nanotechnology development: Application of the institutional
analysis development framework to nanotechnology consortia.
Technovation, 31(2/3), 105-117.

Anson, S., Kautt, M., Walsh, S. T., & Bittner, K. (2008). Academic
infrastructure and competence centers for a potentially evolving
nano-manufacturing industry. International Journal of Technol-
ogy Transfer and Commercialization, 7, 436-455.

Asian Scientist. (2011). Thailand Partners with Korea on Nanotech-
nology Research. Singapore: Asian Scientists. http://www.asian
scientist.com/biotech-pharma/thailand-partners-korea-nanotech-
nology-research/. Accessed 7 Aug 2012.

Bailey, W., & Spicer, A. (2007). When does national identity matter?:
Convergence and divergence in international business ethics.
Academy of Management Journal, 50(6), 1462-1480.

Baldwin, R. E., & Krugman, P. (2004). Agglomeration, integration
and tax harmonization. European Economic Review, 48(1),
1-23.

Barton, C. (2007). Nanotechnology, revolutionizing R&D to develop
smarter diagnostics and therapeutics. London: Business Insights
Ltd.

Battelle. (2010). 2011 Global Funding Forecast, Advantage. Colum-
bus, OH: Battelle. http://www.battelle.org/ABOUTUS/rd/2012.
pdf. Accessed 7 Aug 2012.

Blackburn, K., & Forgues-Puccio, G. (2009). Why is corruption less
harmful in some countries than in others? Journal of Economic
Behavior & Organization, 72(3), 797-810.

Boardman, P. (2008). Beyond the stars: The impact of affiliation with
university biotechnology centers on the industrial involvement of
university scientists. Technovation, 28, 291-297.

Boardman, P., & Ponomarioy, B. (2009). University researchers
working with private companies. Technovation, 29, 142-153.

Bostrom, A., & Lofstedt, R. E. (2010). Nanotechnology risk commu-
nication past and prologue. Risk Analysis, 30(11), 1645-1662.

Braithwaite, J., & Drahos, P. (1999). Ratcheting up and driving down
global regulatory standards. Development, 42(4), 109-114.

@ Springer

Breitzman, A., & Patrick, T. (2002). Using patent citation analysis to
target/value M&A candidates. Research-Technology Manage-
ment, 45(5), 28-36.

Brueckner, J. K. (2000). Welfare reform and the race to the bottom:
Theory and evidence. Southern Economic Journal, 66(3),
505-525.

Chan, A., & Ross, R. S. J. (2003). Racing to the bottom: International
trade without a social clause. Third World Quarterly, 24(6),
1011-1028.

Chen, H., Roco, M., Li, X., & Lin, Y. (2008). Trends in nanotech-
nology patents. Nature Nanotechnology, 3, 123-125.

Choi, J.-H., Doogar, R. K., & Ganguly, A. R. (2004). The riskiness of
large audit firm client portfolios and changes in audit liability
regimes: Evidence from the US audit market. Contemporary
Accounting Research, 21(4), 747-785.

Cientifica. (2011). Global funding of nanotechnologies & its impact.
London: Cientifica.

Cooley, D. (2009). Understanding social welfare capitalism, private
property, and the government’s duty to create a sustainable
environment. Journal of Business Ethics, 89(3), 351-369.

Corbett, J., McKeown, P. A., Peggs, G. N., & Whatmore, P. (2000).
Nanotechnology: International developments and emerging
products. Manufacturing Technology, 49, 523-545.

Cragg, W. (2000). Human rights and business ethics: Fashioning a
new social contract. Journal of Business Ethics, 27(1/2),
205-214.

Crane, A., & Matten, D. (2005). Race to the bottom issues for
business ethics education. Journal of Business Ethics, 54(4),
357-3609.

Crepon, B., & Duguet, E. (1997). Estimating the innovation function
from patent numbers: GMM on count panel data. Journal of
Applied Economics, 12, 243-263.

Dillemuth, J., Frederick, S., Parker, R., Gereffi, G., & Appelbaum, R.
(2011). Traveling technologies: Societal implications of nano-
technology through the global value chain. Journal of Nano
Education, 3(1-2), 36-44.

Donaldson, T., & Dunfee, T. (1999). Towards a unified conception of
business ethics: integrative social contracts theory. Academy of
Management Review, 19(2), 252-284.

Drexler, K. E. (1986). Engines of creation: The coming era of
nanotechnology. New York: Anchor Doubleday.

Drexler, K. E. (2004). Nanotechnology: From feynman to funding.
Bulletin of Science Technology Society, 24, 21-27.

Dunfee, T. (1991). Business ethics and extant social contracts.
Business Ethics Quarterly, 1(1), 23-51.

Dunfee, T. (2006). A critical perspective of integrative social
contracts theory: Recurring criticisms and next generation
research topics. Journal of Business Ethics, 68(3), 303-328.

Earle, J. S., Spicer, A., & Peter, K. S. (2010). The normalization of
deviant organizational practices: The growth of wage arrears in
Russia, 1992-1998. Academy of Management Journal, 53(2),
218-237.

Emerson, P. (2006). Corruption, competition, and democracy. Journal
of Development Economics, 81(1), 193-212.

Enderle, G. (1997). A worldwide survey of business ethics in the
1990s. Journal of Business Ethics, 16(14), 1475-1483.

Feynman, R. (1960). There’s plenty of room at the bottom.
Engineering and Science, 23, 22-36.

Forker, L. (1990). Purchasing professionals in state government: How
ethical are they? Journal of Business Ethics, 9(11), 903-911.

Gans, J. S., & Stern, S. (2003). The product market and the market for
‘ideas’: Commercialization strategies for technology entrepre-
neurs. Research Policy, 32(2 spec), 333-350.

Gao, Y. (2011). Government intervention, perceived benefit, and
bribery of firms in transitional China. Journal of Business Ethics,
104(2), 175-184.


http://www.asianscientist.com/biotech-pharma/thailand-partners-korea-nanotechnology-research/
http://www.asianscientist.com/biotech-pharma/thailand-partners-korea-nanotechnology-research/
http://www.asianscientist.com/biotech-pharma/thailand-partners-korea-nanotechnology-research/
http://www.battelle.org/ABOUTUS/rd/2012.pdf
http://www.battelle.org/ABOUTUS/rd/2012.pdf

Emerging Technologies and Ethics

565

Global Industry Analysts. (2011) Nanotechnology—a global industry
outlook. Global Industry Analyst report number GOS-094, 1-173.
San Jose, CA: Global Industry Analyst Inc. http://www.
strategyr.com/. Accessed 7 Aug 2012.

Goel, R., & Nelson, M. (2010). Causes of corruption: History,
geography and government. Journal of Policy Modeling, 32(4),
433-447.

Goetz, S. J., Partridge, M. D., Rickman, D. S., & Majumdar, S. (2011).
Sharing the gains of local economic growth: Race-to-the-top
versus race-to-the-bottom economic development. Environment
and Planning C: Government and Policy, 29(3), 428-456.

Gokhberg, L., & Kuznetsova, T. (2011). Russian Federation Chap-
ter 11. In The current status of science around the world 2010
(pp. 215-232). Paris: UNESCO.

Gray, K. R. (2002). Foreign direct investment and environmental
impacts—is the debate over? Review of European Community
and International Environmental Law, 11(3), 306-313.

Griffin, A., & Hauser, J. R. (1996). Integrating R & D and marketing:
A review and analysis of the literature. Journal of Product
Innovation Management, 13(3), 191-215.

Groves, C., Frater, L., Lee, R., & Stokes, E. (2011). Is there room at
the bottom for CSR? Corporate social responsibility and
nanotechnology in the UK. Journal of Business Ethics, 101(4),
525-552.

Grupp, H., & Mogee, M. (2004). Indicators for national science and
technology policy: How robust are composite indicators?
Research Policy, 33, 1373-1384.

Halme, M., & Laurila, J. (2009). Philanthropy, integration or
innovation? Exploring the financial and societal outcomes of
different types of corporate responsibility. Journal of Business
Ethics, 84(3), 325-339.

Harhoff, D., Narin, F., Scherer, F. M., & Vopel, K. (1999). Citation
frequency and the value of patented inventions. The Review of
Economic and Statistics, 81(3), 511-515.

Heritage Foundation. (2011). The 2011 index of economic freedom.
Washington, DC: The Heritage Foundation. http://www.heritage.org/
index/. Accessed 7 Aug 2012.

Hightower, J. (1973). Hard tomatoes, hard times. Rochester, VT:
Schenkman Publishing.

Huang, F., & Rice, J. (2012). Firm networking and bribery in China:
Assessing some potential negative consequences of firm open-
ness. Journal of Business Ethics, 107(4), 533-545.

Hullman, A., & Meyer, M. (2003). Publications and patents in
nanotechnology. Scientometrics, 58(3), 507-527.

Hwang, D. (2010). Ranking the nations on nanotech. Lux Research:
New York. www.electroiq.com. Accessed 7 Aug 2012.

Ideker, T. T., Galitski, L., & Hood, L. E. (2001). A new approach to
decoding life: Systems biology. Annual Review Genomics and
Human Genetics, 2, 343-372.

IMF. (2011). World economic database. Washington, DC: International
Monetary Fund. http://www.imf.org/external/pubs. Accessed 7
Aug 2012.

Institute of Nanotechnologies. (2011). China triples sending on
nanotechnology over the past five years. Glasgow: Institute of
Nanotechnology. http://www.nano.org.uk/news/1204. Accessed
7 Aug 2012.

Jing, R., & Graham, J. L. (2008). Values versus regulations: How
culture plays its role. Journal of Business Ethics, 80(4), 791-806.

Johnson, W. (2008). Roles, resources and benefits of intermediate
organizations supporting triple helix collaborative R&D: The
case of Precarn. Technovation, 28(8), 495-505.

Judge, W. Q., McNatt, B., & Xu, W. (2011). The antecedents and
effects of national corruption: A meta-analysis. Journal of World
Business, 46(1), 93—-103.

Kautt, M., Walsh, S., & Bittner, K. (2007). Global distribution of
micro-nano technology and fabrication centers: A portfolio

analysis approach. Technology Forecasting and Social Change,
74, 1697-1717.

Khera, I. P. (2001). Business ethics east vs. west: Myths and realities.
Journal of Business Ethics, 30(1), 29-39.

Kitano, H. (2001). Systems biology: Toward systems-level under-
standing of biological systems. In H. Kitano (Ed.), Foundation of
systems biology (pp. 1-29). Cambridge, MA: MIT Press.

Kjglberg, K. (2009). Representations of nanotechnology in Norwe-
gian newspapers—implications for public participation. Journal
of NanoEthics, 3(1), 61-72.

Knowledge Transfer Network. (2010). Nanotechnology: A UK industry
view. Swindon: Technology Transfer Board. http://www.matuk.
co.uk/docs/Nano_report.pdf. Accessed 7 Aug 2012.

Kondratieff, N. D. (1937). The long wave cycle. New York: Richardson
and Snyder.

Konisky, D. M. (2007). Regulatory competition and environmental
enforcement: Is there a race to the bottom? American Journal of
Political Science, 51(4), 853-872.

Kostoff, R., Koytcheff, R., & Lau, C. (2007). Global nanotechnology
research literature overview. Technological Forecasting and
Social Change, 74(9), 1733-1747.

Kostoff, R., Murday, J., Lau, C., & Tolles, W. (2006). The seminal
literature of nanotechnology research. Journal of Nanoparticle
Research, 8, 193-213.

Kvist, J. (2004). Does EU enlargement start a race to the bottom?
Strategic interaction among EU member states in social policy.
Journal of European Social Policy, 14(3), 301-318.

Lee, S., Yoon, B., & Park, Y. (2009). An approach to discovering new
technology opportunities: Keyword-based patent map approach.
Technovation, 29(6-7), 481-497.

Leydesdorff, L. (2008). The delineation of nanoscience and nano-
technology in terms of journals and patents: A most recent
update. Scientometrics, 76(1), 159-167.

Li, X., Lin, Y., Chen, H.,, & Roco, M. C. (2007). Worldwide
nanotechnology development: A comparative study of USPTO,
EPO, and JPO patents (1976-2004). Journal of Nanoparticle
Research, 9(6), 977-1002.

Linton, J., & Walsh, S. (2008). A theory of innovation for process-
based innovations such as nanotechnology. Technological
Forecasting and Social Change, 75(5), 583-594.

Liu, X., Zhang, P., Xin, L., Chen, H., Dang, Y., Larson, C., et al. (2009).
Trends for nanotechnology development in China, Russia, and
India. Journal of Nanoparticle Research, 11(8), 1845-1866.

Lux Research. (2008). Nanomaterials state of the market Q3 2008:
Stealth success, broad impact. New York: Lux Research Inc.

Lux Research. (2011). Nanotechnology funding: Corporations grab
the reins. New York: Lux Research Inc.

Maine, E., Lubik, S., & Garnsey, E. (2012). Process-based vs.
product-based innovation: Value creation by nanotech ventures.
Technovation, 32(3—4), 179-192.

Mangematin, V., & Walsh, S. (2012). The future of nanotechnologies.
Technovation, 32(3—4), 157-160.

Manish, A., Balakrishnan, M., Batra, V., Das, P., Noronha, L., Sarma,
S., & Srivastava, N. (2010). Nanotechnology developments in
India—a status report. The Energy and Resources Institute
(TERI), New Delhi, India, Project Report No. 2006ST21: DS,
1-123. http://www.teriin.org/ResUpdate/nano.php. Accessed 7
Aug 2012.

Marchant, G. E., & Sylvester, D. J. (2006). Transnational models for
regulation of nanotechnology. Journal of Law, Medicine and
Ethics, 34(4), 714-725.

McGee, R. (2008). Ethical aspects of using government to subvert
competition: Antidumping laws as a case study of rent seeking
activity. Journal of Business Ethics, 83(4), 759-771.

Millimet, D. L. (2003). Assessing the empirical impact of environ-
mental federalism. Journal of Regional Science, 43(4), 711-733.

@ Springer


http://www.strategyr.com/
http://www.strategyr.com/
http://www.heritage.org/index/
http://www.heritage.org/index/
http://www.electroiq.com
http://www.imf.org/external/pubs
http://www.nano.org.uk/news/1204
http://www.matuk.co.uk/docs/Nano_report.pdf
http://www.matuk.co.uk/docs/Nano_report.pdf
http://www.teriin.org/ResUpdate/nano.php

566

R. Gouvea et al.

MIT. (2010). Russia’s nanotech revolution: How MIT sloan executive
education is helping RUSNANO inject entrepreneurialism and
innovation into the country’s economy. Cambridge, MA: MIT.
http://mitsloan.mit.edu. Accessed 7 Aug 2012.

Motoyama, Y., & Eisler, M. (2011). Bibliometry and nanotechnology:
A meta-analysis. Technological Forecasting and Social Change,
78(7), 1174-1182.

Muller, A. (2007). How to make the clean development mechanism
sustainable—the potential of rent extraction. Energy Policy,
35(6), 3203-3212.

Nikulainen, T., & Palmberg, C. (2010). Transferring science-based
technologies to industry—does nanotechnology make a differ-
ence? Technovation, 30(1), 3—11.

NNLI. (2011). National nanotechnology initiative strategic plan. Arling-
ton, VA: Nano.gov. http://www.nano.gov/. Accessed 7 Aug 2012.

NSB. (2010). Science and engineering indicators. Washington, DC:
National Science Board.

O’Mathina, D. (2009). Nanoethics: Big ethical issues with small
technology (p. 235). London: Continuum.

OECD. (2010). Measuring innovation: A new perspective. Paris:
OECD Publishing.

Pandza, K., Wilkins, T., & Alfoldi, E. (2011). Collaborative diversity
in a nanotechnology innovation system: Evidence from the EU
framework programme. Technovation, 31, 476—489.

Pearce, C. L., & Manz, C. C. (2011). Leadership centrality and
corporate social Ir-responsibility (CSIR): The potential amelio-
rating effects of self and shared leadership on CSIR. Journal of
Business Ethics, 102(4), 563-579.

Pelletier, K. L., & Bligh, M. C. (2008). The aftermath of organiza-
tional corruption: Employee attributions and emotional reac-
tions. Journal of Business Ethics, 80(4), 823-844.

Pollack, M. A. (1997). Representing diffuse interests in EC policy-
making. Journal of European Public Policy, 4(4), 572-590.
Prakash, A., & Kollman, K. (2003). Biopolitics in the EU and the US:
A race to the bottom or convergence to the top? International

Studies Quarterly, 47(4), 617-641.

Preschitschek, N., & Bresser, D. (2010). Nanotechnology patenting in
China and Germany—a comparison of patent landscapes by
bibliographic analyses. Journal of Business Chemistry, 7(1), 3—13.

Project on Emerging Nanotechnologies (PEN). (2011). US nano
metro map. Washington, DC: Woodrow Wilson International
Center for Scholars. http://www.nanotechproject.org/inventories/
map/. Accessed 7 Aug 2012.

Qerimi, Q., & Sergi, B. S. (2012). The effects of economic freedom on
institutional performance in the Western Balkans countries. Inter-
national Journal of Business Governance and Ethics, 7(1), 18-36.

Raisner, J. (1997). Using the “ethical environment” paradigm to
teach business ethics: The case of the Maquiladoras. Journal of
Business Ethics, 16(12/13), 1331-1346.

Ratinho, T., & Henriques, E. (2010). The role of science parks and
business incubators in converging countries: Evidence from
Portugal. Technovation, 30(4), 278-290.

Richardson, B., & Curwen, P. (1995). Do free-market governments
create crisis-ridden societies? Journal of Business Ethics, 14(7),
551-560.

Rivioli, P. (2003). Labor standards in the global economy: Issues for
investors. Journal of Business Ethics, 43(3), 223-232.

Roco, M. C. (2003). Broader societal issues of nanotechnology.
Journal of Nanoparticle Research, 5, 181-189.

Roco, M. C. (2005). International perspective on government
nanotechnology funding in 2005. Journal of Nanoparticle
Research, 7(6), 707-712.

Roco, M. C. (2011). The long view of nanotechnology development:
The national nanotechnology initiative at 10 years. Journal of
Nanoparticle Research, 13, 427-445.

@ Springer

Rogers, E. M. (1995). The diffusion of innovations. New York: Free
Press.

Romig, A., Baker, A., Johannes, J., Zipperian, T., Eijkel, K.,
Kirchhoff, B., et al. (2007). An introduction to nanotechnology
policy: Opportunities and constraints for emerging and estab-
lished economies. Technological Forecasting and Social
Change, 74, 1634-1642.

Safran, D. G., Montgomery, J. E., Chang, H., Murphy, J., & Rogers, W. H.
(2001). Switching doctors: Predictors of voluntary disenrollment
from a primary physician’s practice. Journal of Family Practice,
50(2), 130-136.

Sah, R. (2007). Corruption across countries and regions: Some
consequences of local osmosis. Journal of Economic Dynamics
and Control, 31(8), 2573-2598.

Sargent, J. (2008). Nanotechnology and US competitiveness: Issues
and options. CRS report for Congress code RL34493 1-26;
Washington, DC: US Department of State. http://www.fas.org/
sgp/crs/misc/RL34493.pdf. Accessed 7 Aug 2012.

Schneiberg, M., & Bartley, T. (2008). Organizations, regulation, and
economic behavior: Regulatory dynamics and forms from the
nineteenth to twenty-first century. Annual Review of Law and
Social Science, 4, 31-61.

Schumpeter, J. A. (1934). The theory of economic development: An
inquiry into profits, capital, credit, interest, and the business
cycle. Cambridge, MA: Harvard University Press.

Shin, S. (2004). Economic globalization and the environment in
China: A comparative case study of Shenyang and Dalian.
Journal of Environment and Development, 13(3), 263-294.

Solleiro, J. L., & Castanon, R. (2005). Competitiveness and innova-
tion systems: The challenges for Mexico’s insertion in the global
context. Technovation, 25(9), 1059-1070.

Stokes, D. E. (1997). Pasteur’s quadrant: Basic science and
technological innovation. Washington, DC: Brookings Institu-
tion Press.

Strong, M. (2009). Peace through access to entrepreneurial capitalism
for all. Journal of Business Ethics, 89(suppl. 4), 529-538.
Swiss Business Hub Russia. (2011). Russia Nanotechnology. Zurich,
Switzerland: OSEC Business Network. http://www.osec.ch/sites/
default/files/BB_Russia_Commercial_Nanotechnologies_2011.pdf.

Accessed 7 Aug 2012.

Taniguchi, N. (1974). On the basic concept of nanotechnology. In
Proceeding of International Conference on Production Engi-
neering (pp. 18-23). Tokyo: JSPE 2.

Thukral, I, Von Ehr, J., Walsh, S., Groen, A., Van de Sijde, P.,
& Adham, K. (2008). Entrepreneurship, emerging technologies,
emerging markets. International Small Business Journal, 26,
101-116.

Tierney, R., Hermina, W., & Walsh, S. T. (2012). The pharmaceutical
technology landscape: A new form of technology roadmapping.
doi:10.1016/j.techfore.2012.05.002.

Tornatzky, L. G., & Fleischer, M. (1990). The process of technolog-
ical innovation. Lexington, KY: Lexington Books.

Transperancy International. (2011). The 2010 corruption perception
index. Berlin, Germany: Transparency International. http://www.
transparency.org/policy_research/surveys_indices/cpi/2010. Acces-
sed 7 Aug 2012.

Urpelainen, J. (2010). Regulation under economic globalization.
International Studies Quarterly, 54(4), 1099-1121.

Vance, A. (2008). Ambitious China firms military and commercial
R&D ties when else fails—copy the US. Mountain View, CA:
The Register. http://www.theregister.co.uk/2008/03/04/pentagon_
2008_report_china/. Accessed 7 Aug 2012.

von Weltzein Hoivik, H., & Shankar, D. (2011). How can SMEs in a
cluster respond to global demands for corporate responsibility?
Journal of Business Ethics, 101(2), 175-195.


http://mitsloan.mit.edu
http://www.nano.gov/
http://www.nanotechproject.org/inventories/map/
http://www.nanotechproject.org/inventories/map/
http://www.fas.org/sgp/crs/misc/RL34493.pdf
http://www.fas.org/sgp/crs/misc/RL34493.pdf
http://www.osec.ch/sites/default/files/BB_Russia_Commercial_Nanotechnologies_2011.pdf
http://www.osec.ch/sites/default/files/BB_Russia_Commercial_Nanotechnologies_2011.pdf
http://dx.doi.org/10.1016/j.techfore.2012.05.002
http://www.transparency.org/policy_research/surveys_indices/cpi/2010
http://www.transparency.org/policy_research/surveys_indices/cpi/2010
http://www.theregister.co.uk/2008/03/04/pentagon_2008_report_china/
http://www.theregister.co.uk/2008/03/04/pentagon_2008_report_china/

Emerging Technologies and Ethics

567

Walsh, S. (2004). Roadmapping a disruptive technology: A case
study: The emerging microsystems and top-down nanosystems
industry. Technological Forecasting and Social Change, 71(1),
161-185.

Walsh, S., Kirchhoff, B., & Newbert, S. (2002). Differentiating
market strategies for disruptive technologies. IEEE Transactions
on Engineering Management, 49(4), 341-351.

Warner, J., Cannon, A., & Dye, K. (2004). Green chemistry.
Environmental Impact Assessment Review, 24(7-8), 775-799.

Warren, D. E., & Laufer, W. S. (2009). Are corruption indices a self-
fulfilling prophecy? A social labeling perspective of corruption.
Journal of Business Ethics, 88(suppl. 4), 841-849.

Wheeler, D. (2001). Racing to the bottom? Foreign investment and air
pollution in developing countries. Journal of Environment and
Development, 10(3), 225-245.

Wilhelm, P. (2002). International validation of the corruption
perceptions index: Implications for business ethics and entre-
preneurship education. Journal of Business Ethics, 35(3),
177-189.

Winans, B. (2011). European nanotechnology landscape report,
ObservatoryNANO Work Package 3. Glasgow, UK: Observato-
ryNano. www.observatorynano.eu. Accessed 7 Aug 2012.

Wong, J. (2011). China’s economy 2010: Continuing strong growth,
with possible soft landing for 2011 (East Asian Institute,
National University of Singapore, Singapore). EAI Background
Brief No. 591.

Wong, P. K., Ho, Y. P., & Chan, C. K. (2007). Internationalization
and evolution of application areas of an emerging technology:
The case of nanotechnology. Scientometrics, 70(3), 715-737.

Wonglimpiyara, J. (2005). The nano-revolution of Schumpeter’s
Kondratieff cycle. Technovation, 25, 1349-1354.

World Bank. (2011). Doing business: Measuring business regulation,
ease of doing business rank. Washington, DC: The World Bank.
http://www.doingbusiness.org/rankings. Accessed 7 Aug 2012.

Youtie, J., Schapira, P., & Porter, A. (2008). Nanotechnology
publications and citations by leading countries and blocs.
Journal of Nanoparticle Research, 10, 981-986.

Zeng, K., & Eastin, J. (2007). International economic integration and
environmental protection: The case of China. International
Studies Quarterly, 51(4), 971-995.

@ Springer


http://www.observatorynano.eu
http://www.doingbusiness.org/rankings

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	c.10551_2012_Article_1430.pdf
	Emerging Technologies and Ethics: A Race-to-the-Bottom or the Top?
	Abstract
	Introduction
	Theoretical Development
	Environment with Respect to Pursuing Emerging Technologies
	Hypotheses
	For Ease of Business
	For Economic Freedom
	For Corruption
	Nanotechnology as an Emerging Technology
	Summary of Nine Jurisdictions with Largest Investments in Nanotechnology
	China and Nanotechnology
	Germany and Nanotechnology
	India and Nanotechnology
	Japan and Nanotechnology
	Russia and Nanotechnology
	South Korea and Nanoechnology
	Taiwan and Nanotechnology
	The United Kingdom (UK) and Nanotechnology
	The US and Nanotechnology

	Method
	Results
	For Ease of Business
	For Economic Freedom
	For Corruption
	Discussion
	Implications to Theory and Practice

	Conclusions
	References



