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Abstract

Nanotechnology is the first major worldwide research initiative of the
21st century. Nanotechnologies are applied to cross industrial problems and
are a general purpose technology that acts as both a basis for technology
solutions or at the convergence of other enabling technologies, like
biotechnologies, computational sciences, physical sciences, communication
technologies, cognitive sciences, social psychology and other social sciences.
Nanotechnologies are pervasive solution vectors in our economic environment.
It is necessary to develop new methods to assess nanotechnologies
development to better understand nanotechnology based innovation. As
general purpose and enabling technologies, nanotechnologies reveal
commercialization processes, from start-ups to large firms in collaboration with
public sector research, and which lead to changing patterns of industrial
organization which influence public policy initiatives to foster their
development.
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The aim of this introductory paper is to presestae-of-the-art synthesis of current
thinking about the management of nanotechnologhes.general purpose and enabling
technologies, nanotechnologies promise to makeefarhing changes in how technologies
are evaluated, how they relate to industrial orgaton and how such on-going
transformations should be understood. Anticipativgfuture, it seems that nanotechnologies’
generalized diffusion will turn them into commodsgj creating more space for dedicated,
higher added value applications such as nanobiotdobies, nanoenergy or nanomaterials.

Nanotechnology is the first major worldwide reséanaitiative of the 21st century.
Nanotechnologies are general purpose technololgasatt as both the basis for technology
solutions across a range of industrial problemasia nexus for the convergence of other
enabling technologies like biotechnologies, comjpomal sciences, physical sciences,
communication technologies, cognitive sciencesias@sychology and other social sciences
(Freitas Jr, 2010; Hyungsuét al, 2009; Kauttet al, 2007; Lintonet al, 2004). As for
sustainability (Linton et al, 2007), the cross-industry and convergent natufe o
nanotechnology-based solutions promises to tramsfagarly every aspect of life (Compano
et al, 2006, Tierney, 2011 #10816; Loveridgeal, 2008; Malanowsket al, 2007) — for
instance, via having opened the door to engineeatnipe molecular level (Drexler, 19864a;
Walsh, 2004). Some see nanotechnologies as aodietbeir own, while others see their value
in enabling a general trend of miniaturization lhphysical technologies: either way, it is
widely assumed that they will be pervasive solutieectors in our future economic
environment. Applications employing nanotechnoleg@omise greater and more equal
access to knowledge and information; new therapéntgerventions; improved environmental
monitoring; greater safety and security; expandadmunication capacities and many other
industrial and societal applications. The enablbngss-industrial technology base (Fynman,

1960) they provide is being increasingly incorpedainto existing products or processes to



optimize production processes and produce bettafuots with enhanced characteristics. In
commercial terms, customers and users are onlyeawfananotechnology-enabled products
via their greatly increased functionality - in plogly terms, individual nanotechnologies are
invisible to the human eye. Their physical chanasties vary greatly from those of their
macro counterparts, significantly affecting theiternal design, their manufacture and their
functionalities. The commercial promise of nanotesbgy - as both the general foundation
for and specific enabler of new innovations - makedikely to underpin the next
Schumpeterian wave of economic development (Wormiara, 2005) and its commercial
promises has been formulated around its potemtidiatilitating such transformations (Selin,
2007).

From breakthrough discoveries to general purpose technologies

This technology base was first discussed in the fedf of the 28 century -
technically by (Fynman, 1960) and commercially byeXler (Drexler, 1986b) and took
decades to generate significant public investméhige public investments to support
scientific and technological researches (Shaptral, 2011; Teece, 2011), the creation of
technological and industrial platforms and infrastures (mainly in the 2century) have led
to more than 2,000,000 articles related to nanot@dgies being published, and over
1,000,000 applications lodged with patent offickkfigematinet al, 2012; Youtieet al,
2008b). Yet a significant question remains: To wasent does recent empirical evidence
match the technologies’ initial promises? Are nanbhologies the next ‘Schumpeterian
Wave’ which will revolutionize many industry sect@r Will they bring radical change to
many scientific and technological fields, conveggirpreviously distinct technology-driven
sectors in ways that will benefit economies andsoomers alike (Allarakhiat al, 2011;
Linton et al, 2008)? Or is it all just hype designed to mokilienergy and to renew

investments in existing fields (Grodal, 2010)?



Current nanotechnology developments have been ssfataip to a point: products
incorporating nanotechnology based devices arenemtarkets, start-ups have been created
and large firms have invested in production capeifFiedleret al, 2010, , 2011; Groeat
al., 2008; Huanget al, 2011; Newbertet al, 2007; Palmberg, 2008). Nanoscience and
Nanotechnology research is rapidly advancing, #te of growth of the scientific production
remains up to 10% per year, and nanotechnologydbpisuct innovations are increasing;
Nanotechnologies are general purpose technolo@asbardellaet al, 2010). This is the
reason why they are the objects of significant #tweents by incumbents (Rothaerneélal,
2007). So nanotechnologies are emerging, althohghptocesses involved different from
those that characterized the birth of the bioteldgies. Their pan-industry nature is
illustrated not just through the adoption of namoeduct paradigms - such as materials,
devices, systems and components - but also biydhb#gity to change industries radically - or
even to create such new sectors as nanobiotechesl@larakhiaet al, 2011; Kuzmeet al,
2010), nano-energy (Yingt al, 2010), nano-materials, nano- chemistry or nambelrics
(Leeet al, 2007). Some sort of convergence is showing, thighemergence of nano-engines,
new diagnostic tools hybridizing nanoelectronicd hiotechnologies.

Nanotechnology has been seen as critical td @&intury scientific advancement,
technology development, product innovation, andasacnovation. The century’s problems
have been seen as convergent, and their solutiohkedy to require emerging technologies
that create new product paradigms at the interfagds other technologies (Nikulaineet
al.). Some futurists consider nanotechnologies to Hee foundation of the world’s next
economy, but our commercial and social understanafrthe implications of the phenomena
lags behind our scientific appreciation of its plodises (Islam et al, 2010). This special
issue advances our knowledge both about the foiom$atand the likely effects of

nanotechnology.



Understanding the future of nanotechnologies
Nine scholarly works contribute to our understagdiof nanotechnology based

innovation.

New methodol ogies

The first two papers propose new methodologiege¥atuating nanotechnologies: An
Chin Cheng (Chin cheng, 2012) has improved thedfibly developing a valuation
methodology for the selection of new materials tetbgy. He utilizes the ‘fuzzy AHP’
method to obtain the opinions of professionals ahnowed that, amongst seven evaluation
criteria, ‘data validity’ has the highest weightjnipllowed by ‘method adaptability’ and
‘technology development evaluability’. He concludésat the ‘real options’ approach and
income methods are the two most applicable methfodsevaluating new materials
development. Wang Chunhsien (Chunhsien, 2012) sksesu and evaluates the
commercialization performance of nanoproducts fommsumer perspectives. He constructs a
series of nanoproducts' importance attributes asribpnance evaluation maps to identify
areas for improvement. These evaluation methodshareledicated to nanotechnologies —
even if they were developed for nanotechnologiesy thromise to be useful for other

technology inquires as well.

Value creation
Our special issue furthers our understanding ofotenology commercialization
with two studies. The first, based on 12 case stidf new ventures, Maine et al. (Maine,
2012) examine how firms create value from nanoteldgies, and show that firms exploiting
nanotechnology based process innovation face greateertainty in their value chain

positioning, market breadth, customization, anduiregmore changes of their customers



compared to more often studied product-based vemt(Cohendeet al, 2009; Packalen,
2007). They also show that nanotechnology ventbessefit from prioritizing technology-
market matching, alliance building and experimemntivith technologies in new value
networks. The second study in this section — byndlaaFeliu et al. (Juanola-Feliu, 2012) —
develops our understanding of nanotechnology bdseghostics through an in depth review
of a cutting-edge biomedical device for continuomssivo glucose monitoring, which is
made possible by the convergence of medicine, p&ysichemistry, biology,
telecommunications, and electronics and energyarekBes. The paper traces how the process
of commercializing the device required the aligntnaina variety of different stakeholders —
University, Hospital, Industry, Administration aisdciety. Both of these works progress the
knowledge of nanotechnology commercialization byeeding different commercialization

processes, from start-ups to large firms in coltabon with public sector research.

Changing patterns of industrial organization

Three papers analyze the changing patterns of tnalusorganizations in
nanotechnologies (Jiargf al, 2011; Munariet al, 2011). First, Genet et al. (Genet, 2012)
examine the patterns of technology transfer in tentmology. They compare the biotech
technology transfer model - where start-ups andllsfitens bridged the collaborations
between large firms and universities — with thehtedogy transfer processes used in
microelectronics to illustrate the differences bedw them and the nanotechnology transfer
model. For example, while SMEs played valuable nettgy-bridging roles in the emergence
of the biotechnologies and the central functiorftrainslating’ new knowledge between public
research and industry in technologies is carried thg larger firms, as it was in
microelectronics, with SMEs playing the role of sjpéized providers. These results echo
those recently published on US data (Thurgbyal, 2011), and suggest that patterns of

collaborations are context specific (Fiedé&ral, 2010). Allarakhia and Walsh (Allarakhét

6



al., 2012) propose a method to manage, select, anahaealesign large consortia which are
central to commercial progress in nano-technologld$. They present a diagnostic tool to
assess consortia centered on the technologies’ eotrah promise, adapting Institutional
Analysis Development (IAD) to integrate nanoteclmggl innovators as well as their
stakeholders (governments, industries, large fir®SlE, entrepreneurial enterprises and
supporting firms). von Raesfekt al. (von Raesfeld, 2012) examine the determinanth®f t
potential collaboration project performances in Wetherlands, by assessing the commercial
performance of 169 nanotechnology research projaetsyears after their completion. She
shows the strong positive impact of participantslls complementarity, commitment and
technological experience on both the projects’ mim and financial performance,
suggesting that project-based organization favdéws kybridization of complementary
competencies (Aveneit al, 2007; Bonaccorset al, 2007).

Finally, we have two papers which further the déston of public policy initiatives to
foster nanotechnology developments. Battard (B#tt2012) discusses the formation of
nanocenters and argues that research groups dmtlicananotechnology are technological
hubs where scientists with multiple backgroundsveoge in order to conduct research at the
nanoscale. These hubs inherit from establisheatsotedisciplines, but create local practices
and knowledge, and their multidisciplinary contexid the absence of standards can create
misalignment for junior scientists between theiitiah discipline, their research and the
outcomes they are expected to produce. Battarddysis questions the emergence of
nanotechnology as a discipline, as most scientestsain closely linked to their original
disciplines. Battard’s observation at the microeleig confirmed by Baglieri et al. (Bagliest
al., 2012). Nanotechnologies are developed by a smafber of large clusters worldwide
(Grimpe et al, 2011; Mangematiret al, 2012; Meyeret al, 2011; Robinsoret al, 2007;

Youtie et al, 2008b). Comparing two nano-electronics clusteiGrenoble (France) and



Catania (Italy) - the authors emphasize the roles@éntific and technological diversity,
competition for cluster orchestration and overlaween networks in stimulating cluster
evolution. They point out that competition to orstrate clusters stimulates ‘sleeping anchor’
tenants to influence cluster research avenuesshapge new networks within and beyond its
boundaries. Cluster evolution is based on hybrtadinawith existing technological fields that

using nanotechnologies, such as nano-energy orhiatechnology. (Kajikawat al, 2010).

The paradox of nanotechnologies

Since Drexler (1986) who introduce the term nanutetogies and the development
of the first critical nanotechnology roadmaps (Buoae et al, 2007; Walsh, 2004), the
deployment of nanotechnologies has become cleémeumbents play the central roles
(Allarakhiaet al, 2011; Jianget al, 2011; Mangematiet al, 2011), with start-ups and SMEs
acting as specialized suppliers while large firmd public sector research organizations form
direct alliances to develop and to market nanotelciyies. Nanotechnology-based devices
are incorporated in existing products and embedilguoduction processes. Convergence or
hybridization is very progressive, leading to thesign of new products that merge two or
three different bodies of technologies. Scientdimvergence appears to be slower than the
integration of nanotechnologies in existing or n@wducts or processes. New centers have
been created to host the different scientists vimgrlat the nanoscale level (Kaattal, 2007),
and new scientific communities have emerged bugldin existing disciplines but using new
techniques and facing new problems. These acsvdanfirm the sense of nanotechnologies
as general purpose technologies which impact a vadge of scientific and technological
fields and change how research and production pseseare performed. As Arora and

Gambardella (Arora, 1994) have pointed out in lmbit®logy, nanotechnologies are changing



the “technology of technological change”but affecting different scientific fields and
different industries.

Paraphrasing Solow’s paradox about computers, wesag that nanotechnologies are
found everywhere except as a new industry or a swentific field. Anderson (Andersen,
2011) emphasizes silent innovation; Battard dessrimew nanotechnology centers as
technological hubs; Genegt al. underline how nanotechnology technology transfer
mechanisms resemble those in microelectronics. shnidil organization appears not to be
specific either (Jiangt al, 2011; Mangematiret al, 2011; Youtieet al, 2008a) - start-ups
and small firms are created as specialized sugpigrce (as Maine et al. (Maine, 2012) as
point out) the market is large enough to accomnedethe sectors, while alliances and
collaborations appear to reproduce their pattemsnicroelectronics and biotechnologies,
involving different actors in creating, manufachgiand commercializing complex products
and services.

This special issue has two blind spots. First, ioles of regulation and societal
acceptance of nanotechnologies remain importanessg explore. The Technovation special
issue on “the future of nanotechnologies” doesatuiress the evolution of institutions and
the interplay between acceptance, strategies antbtmation of markets (Allaet al, 2010;
Throne-Holstet al, 2008; Yawsonet al, 2010). Second, nanotechnologies are not only
general purpose technologies — they are also témfjies that enable the creation of new
devices and new ways to improve the quality of. lil&anotechnologies are embedded in
existing industries and research using nanoteclgredcare developed within existing fields,
transforming them from microelectronics to nancztanics, from biotechnologies to nano-
biotechnologies, and from energy to nano energyng-iare exploring new ways to address
consumer needs, new business models based onahgeshnanotechnologies could enable in

existing industries. The multiplication of compefibhusiness models may transform industry



logics, as it has been the case for the music tngdos for digital photography (Bettist al,
1995; Munir, 2005; Sabati@t al, 2011). What sort of transformations can we exp&¢hat
dominant logics will be challenged and in whichustties? Such questions open room for

new research.

REFERENCES

Allan S, Anderson A, Petersen A. 2010. Framing: nignotechnologies in the news. Journal of
Risk Research 13(1): 29-44

Allarakhia M, Walsh S. 2011. Managing knowledgeetssinder conditions of radical change:
The case of the pharmaceutical industry. Technona1(2/3): 105-117

Allarakhia M, Walsh S. 2012. Analyzing and Organigzi Nanotechnology Development:
Application of the Institutional Analysis DevelopnteFramework To Nanotechnology Consortia
Technovation 32(2)

Andersen MM. 2011. Silent innovation: corporateatgtgizing in early nanotechnology
evolution. The Journal of Technology Transfer 36680-696

Arora A, Gambardella, A. 1994. The changing tecbgglof technological change : general and
abstract knowledge and the division of innovatafeolur. Research Policy 23: 523-532

Avenel E, Favier AV, Ma S, Mangematin V, Rieu C0Z0Diversification and hybridization in
firm knowledge bases in nanotechnologies. ReseRaility 36(6): 864-871

Baglieri D, Cinici MC, Mangematin V. 2012. Rejuveing Clusters with Sleeping Anchors: the
Case of Nanoclusters". Technovation 32(2)

Battard N. 2012. Convergence and Multidisciplinaiih Nanotechnology: Laboratories as
Technological Hubs. Technovation 32(2)

Bettis R, Prahalad C. 1995. The Dominant Logic:régiective and Extension. . Strategic
Management Journal 16(1): 5-14

Bonaccorsi A, Thoma G. 2007. Institutional Completagty and Inventive Performance in
Nano Science and Technology. Research Policy 38(8)831

Bozeman B, Laredo P, Mangematin V. 2007. Understgnitie Emergence and Deployment of
'‘Nano' S&T: Introduction. Research Policy 36(6)7-&12

Chin cheng A. 2012. A fuzzy multiple criteria comigan of technology valuation methods for
the new materials development Technovation 32(2)

Chunhsien W. 2012. An Empirical Study of Commeizé&tion Performance on Nanoproducts.
Technovation 32(2)

Cohendet P, Pawlak E. 2009. Diversity of entrepuemeand diversity of clusters in
nanotechnologies. International Journal of Techgyplanagement 46(3/4): 386-403

Compano R, et al. 2006. Converging ApplicationsXotive Ageing Policy. Foresight 8(2): 30-
42

10



Drexler KE. 1986a. The engine of Creation. MIT Bré&Sambridge, Massachusetts

Drexler KE. 1986b. Engines of Creation: The Comiag of Nanotechnology. . Anchor
Doubleday: New York, NY.

Fiedler M, Welpe IM. 2010. Antecedents of coopematicommercialisation strategies of
nanotechnology firms. Research Policy 39(3): 400-41

Fiedler M, Welpe IM. 2011. Commercialisation of heology innovations: an empirical study
on the influence of clusters and innovation networknternational Journal of Technology
Management 55(1): 410-437

Freitas Jr RA. 2010. The Future of Nanomedicinduiffst 44(1): 21-22
Fynman R. 1960. There’s Plenty of Room at the BottoEngineering and Science 23: 22-36

Gambardella A, McGahan A. 2010. Business-Model iation: General Purpose Technologies
and their Implications for Industry Structure. LdRgnge Planning 43(2)

Genet CE, Khalid; Gauthier, Caroline 2012. Whicltoddl of Technology Transfer for
Nanotechnology? A Comparison with Biotech and Mitecotronics Technovation 32(2)

Grimpe C, Patuelli R. 2011. Regional knowledge puotihn in nanomaterials: a spatial filtering
approach. Annals of Regional Science 46(3): 519-541

Grodal S. 2010. Meaning Machanisms in Nanotechiyolde expansion and Contraction of
Field Labels. In AoM (Ed.), Academy of Managemeawantreal

Groen AJ, Van Der Sijde P, Walsh S. 2008. GuestoEiIntroduction: Entrepreneurship's
Role in Commercializing Disruptive Technologiegelmational Small Business Journal 26(1): 5-7

Huang L, Guo Y, Peng Z, Porter AL. 2011. Charasiteg a technology development at the
stage of early emerging applications: nanomatenflanced biosensors. Technology Analysis &
Strategic Management 23(5): 527-544

Hyungsub C, Mody CCM. 2009. The Long History of Eallar Electronics: Microelectronics
Origins of Nanotechnology. Social Studies of Scee(fgage) 39(1): 11-50

Islam N, Miyazaki M. 2010. An Empirical Analysis &fanotechnology Research domains.
Technovation 30(4): 229-237

Jiang L, Tan J, Thursby M. 2011. Incumbent firmention in emerging fields: evidence from
the semiconductor industry. Strategic Managememindd 32(1): 55-75

Juanola-Feliu EC-F, Jordi; Miribel-Catala, Perem8ier, Josep; Valls-Pasola, Jaume 2012.
Market challenges facing academic research in cacializing nano-enabled implantable devices
for in-vivo biomedical analysis. Technovation 32(2)

Kajikawa Y, Takeda Y, Sakata I, Matsushima K. 20Multiscale analysis of interfirm
networks in regional clusters. Technovation 30:-186

Kautt M, Walsh S, Bittner K. 2007. Global distrilit of micro-nano technology and
fabrication centers: A portfolio analysis approathchnology Forecasting and Social Change 74:
1697-1717.

Kuzma J, Tanji T. 2010. Unpackaging synthetic ligtoldentification of oversight policy
problems and options. Regulation & Governance 823112

11



Lee YG, Song YI. 2007. Selecting the key reseanmdas in nano-technology field using
technology cluster analysis: A case study basedNational R&D Programs in South Korea.
Technovation 27(1-2): 57-64

Linton JD, Klassen R, Jayaraman V. 2007. Sustagnabpply chains: An introduction. Journal
of Operations Management 25(6): 1075-1082

Linton JD, Walsh S. 2004. Integrating innovatiord dearning curve theory: An enabler for
moving nanotechnologies and other emerging prodesbnologies into production. R&D
Management 34: 513-522.

Linton JD, Walsh ST. 2008. A theory of innovatioor forocess-based innovations such as
nanotechnology Technological Forecasting and S@tiahge 75(5): 583-594

Loveridge D, Dewick P, Randles S. 2008. Converdi@achnologies at the nanoscale: The
making of a new world? Technology Analysis & StgigeManagement 20(1): 29-43

Maine EL, Sarah ; Garnsey, Elizabeth 2012. PreBesed vs. Product-Based Innovation:
Value Creation by Nanotech Ventures. Technovati{2)3

Malanowski N, Compano R. 2007. Combining ICT andy@tive Science: Opportunities and
Risks. Foresight 9(3): 18-29

Mangematin V, Errabi K. 2012. The Determinantshaf $cience-based cluster growth: The case
of Nanotechnologies. Environment and Planning C&soment and Policy forthcoming

Mangematin V, Errabi K, Gauthier C. 2011. Largeypls in the nanogame: Dedicated
Nanotech Subsidiairies or Distributed Nanotech Gajtias? . The Journal of Technology Transfer
36(6): 640-664

Meyer M, Libaers D, Park J-H. 2011. The Emergerfddavel Science-related Fields: Regional
or Technological Patterns? Exploration and Explimitain United Kingdom Nanotechnology.
Regional Studies 45(7): 935-959

Munari F, Toschi L. 2011. Do venture capitalistvéa bias against investment in academic
spin-offs? Evidence from the micro- and nanoteabgwlsector in the UK. Industrial & Corporate
Change 20(2): 397-432

Munir KA. 2005. The Social Construction of Evenfs:Study of Institutional Change in the
Photographic Field. Organization Studies 26(1)1922-

Newbert SL, Kirchhoff BA, Walsh ST. 2007. Definirntge Relationship among Founding
Resources, Strategies, and Performance in Techptlbgnsive New Ventures: Evidence from the
Semiconductor Silicon Industry. Journal of SmalkBiess Management 45(4): 438-466

Nikulainen T, Palmberg C. Transferring science-bagechnologies to industry—Does
nanotechnology make a difference? Technovation)36¢11.

Packalen KA. 2007. Complementing Capital: The Raflé&tatus, Demographic Features, and
Social Capital in Founding Teams' Abilities to Qbt&Resources. Entrepreneurship: Theory &
Practice 31(6): 873-891

Palmberg C. 2008. The Transfer and CommercialisadfoNanotechnology: A Comparative
Analysis of University and Company Researcherstniwf Technology Transfer 33(6): 631-652

Robinson DKR, Rip A, Mangematin V. 2007. Technotagiagglomeration and the emergence
of clusters and networks in nanotechnology. Rese&ualicy 36(6): 871-879

12



Rothaermel FT, Thursby M. 2007. The nanotech vethasbiotech revolution: Sources of
productivity in incumbent firm research. Researohdy 36(6): 832-849

Sabatier V, Kennard A, Mangematin V. 2011. Chaliegga Dominant Industry Logic:
Technological Discontinuities and Disruptive Busisie Models in the Drug Industries.
Technological Forecasting and Social Change Fontimogp

Selin C. 2007. Expectations and the Emergence ofotéahnology. Science, Technology &
Human Values 32(2): 196-220

Shapira P, Youtie J. 2011. Introduction to the sgsipm issue: nanotechnology innovation and
policy—current strategies and future trajectorilse Journal of Technology Transfer 36(6): 581-
586

Teece D. 2011. Nanotechnology and the US natiomahMation system: continuity and change.
The Journal of Technology Transfer 36(6): 697-711

Throne-Holst H, Sto E. 2008. Who Should Be Precaatiy? Governance of Nanotechnology
in the Risk Society. Technology Analysis and Sgymtdanagement 20(1): 99-112

Thursby J, Thursby M. 2011. University-industry kiiges in nanotechnology and
biotechnology: evidence on collaborative pattemmsrfew methods of inventing. The Journal of
Technology Transfer 36(6): 605-623

von Raesfeld AG, Peter; Boshuizen, Johannes ; dandark; Luttge, Regina 2012.
Collaboration portfolios and outcomes of public R&Ejects. A study of economic value creation
and utilization of nanotechnologies in the Nethedl® Technovation 32(2)

Walsh S. 2004. Road mapping a disruptive technolody case study-The emerging
microsystems and top-down nanosystems Industryhii@ogical Forecasting and Social Change
71(161-185)

Wonglimpiyara J. 2005. The nano-revolution of Scpater's Kondratieff cycle. Technovation
25:1349-1354

Yawson R, Kuzma J. 2010. Systems Mapping of Consumeceptance of Agrifood
Nanotechnology. Journal of Consumer Policy 33(9R-322

Ying G, Lu H, Porter AL. 2010. The research praofilimethod applied to nano-enhanced, thin-
film solar cells. R&D Management 40(2): 195-208

Youtie J, lacopetta M, Graham S. 2008a. AssessiagNature of Nanotechnology: Can We
Uncover an Emerging General Purpose Technologyfhdbaf Technology Transfer 33(3): 315-
329

Youtie J, Shapira P. 2008b. Mapping the nanotecigyoénterprise: a multi-indicator analysis
of emerging nanodistricts in the US South. Jouofidlechnology Transfer 33(2): 209-223

13



