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ABSTRACT: Nanotechnology has been touted as a general purpose technology (GPT) and en-
gine of growth for the 21th century, following in the footsteps of ICT. Nanotechnology is still in
an early phase of development, it is scientist driven and thus largely exogenous to the economy
at present. In Finland the interest towards nanotechnology is also growing. This is visible espe-
cially through relatively large public R&D expenditures and numbers of scientific publications.
A key question for the further development of nanotechnology towards commercialization in
Finland, as well as for most other countries active in the field, is the degree to which channels
for technology transfer from public research to firms can be established and supported further.
This paper uses a new and extensive survey data covering individual Finnish researchers (and
inventors) active in the field to assess whether nanotechnology brings forth new issues of policy
relevance in the various dimensions of technology transfer. The results offer new insights into
the definition of nanotechnology. Clear differences are also observed in the agents, modes, ap-
plication and commercialization paths between researchers by the intensity at which they are
engaged in nanotechnology. However, the challenges appear to be similar to those related to the
transfer of science-based technologies generally. The paper also reports basic frequencies across
the survey data as a whole.
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TIIVISTELMA: Nanoteknologiasta veikataan kehittyvan yleiskayttdiseksi teknologiaksi ja siten
muodostuvan talouskasvun lahteeksi télla vuosisadalle, seuraten ICT:n jalanjdljissa. Nanotekno-
logia on vielda suurelta osin varhaisessa tiedeldhtoisessa kehitysvaiheessa ja siten tilld hetkella
pédosin talouden kannalta eksogeeninen. Suomessa mielenkiinto nanoteknologiaa kohtaan on
kasvamassa, mikéd nékyy erityisesti suhteellisen suurissa julkisissa investoinneissa seké tieteel-
listen julkaisujen méaardssa. Yksi avainkysymys nanoteknologian kaupalliselle kehitykselle
Suomessa, kuten my6s muissakin maissa, on miten teknologian siirtoa korkeakouluista yrityk-
siin saadaan luotua ja tarvittaessa tuettua edelleen. Tutkimus perustuu alalla toimiviin tutkijoi-
liittyviin erilaisiin ulottuvuuksiin, mahdollisuuksiin ja haasteisiin. Kyselyn tulokset antavat uu-
sia ndkokulmia nanoteknologian maééritelmdan. Selvid eroja on havaittavissa toimijoiden, siirto-
tapojen, soveltuvuusalojen ja kaupallistamisen osalta riippuen siitd, miten intensiivisesti tutkijat
ovat tekemisessd nanoteknologian kanssa. Vaikuttaa kuitenkin silta, ettei teknologian siirtoon
liittyvissd haasteissa ole eroa tiedepohjaisten teknologioiden viélilla. Lisdksi tutkimus raportoi
yleisid kyselyyn pohjautuvia perusjakaumia.

AVAINSANAT: nanoteknologia, Suomi, teknologian siirto, kyselyaineisto
JEL: 031, 032, 038
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1. INTRODUCTION

1.1. Background

Nanotechnology has been touted as a general purpose technology (GPT) and en-
gine of for the 21th century, following in the footsteps of ICT. At least judged by the
growth in public R&D funding into this field in most industrialised countries this
might well be the case. Nanotechnology is also generating a range of inventions and
patents, it is multipurpose in nature, and is already achieving some complementarities
with existing technologies and innovations. Nonetheless, there are also a range of un-
solved issues relating to its further development. Nanotechnology is still in an early
stage of development, it is very scientist-driven and thus largely exogenous to the eco-
nomic system. On top of that there are important ethical and regulatory issues to be
debated. (Palmberg and Nikulainen, 2006; Ratner and Ratner, 2003).

In Finland the policy interest towards nanotechnology is also growing. Although
Finland only contributes with very small amounts to global R&D spending in this field,
in relative terms public R&D funding is reaching noteworthy shares. Like elsewhere
developments are foremost visible in the growth in nanotechnology-related scientific
publications and Finland stands in relative number pf publications when compare with
some other European countries. However, patenting and innovation activity still lags
behind, although Finland does stand out when compared to the relative number of
publications in other similar small countries in Europe (Table 1).

The further development of nanotechnology in Finland will largely depend on
the degree to which existing firms in traditional strongholds areas will be able to iden-
tify commercial applications. This will, in turn, depend on the nature of the knowledge
base of the related research fields in Finland, and the degree to which channels for
technology transfer from public sector research to firms as well as technology-based
entrepreneurship can be established and supported further. Further, nanotechnology is
also subject to a great deal of hype and unfounded expectations. It is therefore espe-
cially important to highlight genuinely new issues and challenges that this technology

brings forward in the context of technology transfer.



Table 1. Nanotechnology publications and patents in selected countries

Absolute numbers Per capita (thousands)
Publications Inver;tai;)qniﬁe(;p)atent Publications Inver;gt;qr;ﬁe(sp)atent
us 83907 13609 0.29 0.05
Germany 32136 3846 0.39 0.05
Korea 9722 2550 0.2 0.05
Switzerland 6477 627 0.88 0.08
Holland 5282 493 0.32 0.03
Sweden 4300 287 0.48 0.03
Finland 2925 118 0.56 0.02
Denmark 2046 115 0.38 0.02

Source: Palmberg and Nikulainen (2006).

1.2. Aim and structure

Given the rapid growth in public R&D investments and the scientist-based na-
ture of present-day nanotechnology the aim of this paper is to analyse in greater detail
the degree to which nanotechnology really presents genuinely new challenges for
technology transfer in Finland. As of yet close to nothing is known about the specifici-
ties of nanotechnology transfer even though this might be one of the most important
issues in the further promotion of the field.

This paper uses a unique survey data, collected at the level of individual re-
searchers and inventors, to provide new insights and thus complement scantly avail-
able but growing research on nanotechnology transfer in the economics of technologi-
cal change (see e.g. Nicolau (2004, 2006) for a conceptual discussion, for empirical con-
tributions see Meyer (2000, 2000a), Bonaccorsi and Thoma (2005), Wang (2006)). More
precisely, this paper seeks to highlight the nature of nanotechnology as an object of
technology transfer, as well as characteristics of the agents, modes, outcomes, recipi-
ents and challenges of the transfer of nanotechnology in a Finnish context. Further it
also highlights emerging Finnish application and commercialization paths.

The paper should foremost be read as a descriptive introduction to the survey
data at hand as a basis for further in-depth research on nanotechnology transfer. But it
also takes on a more analytical approach by pinpointing the degree to which nanotech-

nology really makes a difference in the above mentioned dimensions of technology



transfer.! It thereby provides an important contribution to the ongoing discussion
about whether ‘nanotechnology” merely is a new label for research and development
activities that already have been ongoing for decades or whether it really brings forth
new issues of relevance for innovation policy.

The paper is structured as follows. The second section provides an analytical
framework for the paper by discussing the definition of “technology transfer” and in-
troducing a general model of technology transfer that we use as an organizer the for in-
terpreting the results. This section also discusses the methodologies used for identify-
ing nanotechnology-related researchers and inventors in Finland, the survey design
and implementation. Section 3 shifts to the empirical analysis, focusing on nanotech-
nology as the object of technology transfer. Section 4 moves onwards towards investi-
gating the characteristics of research groups as the agents of nanotechnology transfer in
Finland, the modes, outcomes, as well as the recipients and challenges of technology

transfer. Section 5 concludes the paper with a synthesizing discussion.

2. ANALYTICAL FRAMEWORK AND METHODOLOGY

2.1. Defining technology transfer

The issue of technology transfer from public sector research to industry is closely
tied to various conceptualizations of innovation processes, and should be analyzed in
this context. The so-called ‘linear model’ of innovation, reflected especially in Vannevar
Bush’s (1945) seminal report entitled “Science: The Endless Frontier”, assumes that
public sector research is applied in industry relatively frictionless and one-directionally
without the active involvement of firms. Over the years this simplistic view has been
overturned by various interactive models of innovation. These models also acknowl-
edge that technology transfer is a two-way street where researchers and firms interact
intensively and quite frequently draw on basic research external to the firm (for this
discussion see e.g. Kline and Rosenberg (1986); Cohen et al. (2003)).

Definitions of technology transfer also reflect contemporary understanding of in-

novation as an interactive process. Nonetheless, Bozeman (2000) notes that the litera-

! The questionnaire and basic frequencies of the whole survey data are found in Appendix 1 and 2.



ture is abound with a wide range of different definitions due to the multi-
dimensionality of this process and difficulties in pinpointing it as a research object
amongst other interactive processes during innovation. First of all, consideration must
be given to defining the object of technology transfer. Second, consideration must be
given to identifying the organizational boundaries that are crossed during transfer of
technology. Third, consideration must be given to identifying relevant modes of tech-
nology transfer, as well as factors that assumedly have a specific effect on the nature
and fluidity of technology transfer. This is naturally also a prerequisite for data collec-
tion and analysis.

Defining the object of technology transfer is tricky as the term ‘technology’ might
cover both scientific research towards advancing technology in general, as well as the
knowledge needed to actually use the technology in commercial applications. There is
also a large debate about whether knowledge is mainly tacit or codified. The common
understanding is that codified knowledge tends to be more footloose and thus easier to
transfer, even though tacit knowledge often can be more important, especially when
the success of technology transfer is assessed (Gorman, 2002). However, it is question-
able whether this distinction really is meaningful as knowledge naturally comprises of
both tacit and codified elements.

The practical approach in empirical analysis has been to equate technology with
knowledge broadly defined, thus assuming that the term “technology” encompasses not
only the scientific and technological entities (i.e. scientific research results, thesis, pub-
lications, patents) but also the knowledge of the practical use of technology (Bozeman,
2000). This approach appears to be in line with the switch-over from a linear to an in-
teractive view of the innovation process. Firms rely on scientific research recursively
throughout the innovation process when required, and actively seek to define practical
usages for scientific research that they aspire to transfer from the public research sector.

Regarding the organizational boundaries of technology transfer the term has been
used to describe and analyze various different types of interactions ranging from those
between developed and less-developed countries, between collaborating or competing
private firms throughout strategic alliances, between departments within firms, or be-

tween public and private sector actors (Bozeman, 2000). It seems that the identification



of generic definition of technology transfer is futile. Instead it is important to derive at
a pragmatic and clear definition that communicates with extant research, but nonethe-
less is compatible with the data at hand and the focus of the specific empirical analysis.
Along this line of logic, the definition of technology transfer that we use in this paper is

the following:

“Technology transfer is the active interaction between public sector researchers, from universi-
ties or research institutes, and private sector firms. It covers the transfer of research information
and results from the public research sector to private sector firms and the related knowledge in a
broader sense, thus including both codified and tacit types of knowledge.”

The implicit assumption is that we capture both tacit and codified knowledge re-
lated to the research information and results. However, the survey data does not enable
us to actually breakdown the type of knowledge that is transferred by its characteris-
tics. It does not consider the degree to which the transfer of technology also results in
tangible outputs from the viewpoint of firms as the receiving parties, e.g. in terms of
new processes or products, market shares of economic performance. While the re-
quirement of commercial outputs is not endogenous to our definition, the survey data
does contain variables that enable the specification different kinds of achievements as

the outcomes of the technology transfer process.

2.2. Dimensions of technology transfer

The ambition of this paper to pinpoint the degree to which nanotechnology really
makes a difference requires additional considerations about the various analytical di-
mensions of technology transfer. The contingent effectiveness model of technology
transfer, developed by Bozeman (2000) as a part of his extensive reviews of the litera-
ture offers a good starting point for our purposes. Apart from highlighting specificities
of the object and organizational boundaries as discussed above, the contingent effec-
tiveness model (CE-model) also considers the agents, modes, recipients and demand
environment of technology transfer. As indicated by Figure 1 below it also proposes
certain relationships between various dimensions and the outcomes of technology

transfer. However, in this paper we aim to highlight specific characteristics of




nanotechnology in some of these dimensions while leaving an in-depth analysis of

their relationships for subsequent research.

Figure 1. The contingent effectiveness model of technology transfer

Transfer «-] Demand
agent environment
T A
]
]
L 4 v
> Transfer
Tranjfer < recipient Outcomes/
modes effectiveness
A A
> Transfer
object

Source: Slightly modified from Bozeman (2000).

The modes of technology transfer can be numerous. Given the focus of this paper on
interactions between public sector researchers and firms, they foremost cover modes of
interactions typical to the nature of research work (e.g. participation in conferences and
seminars, lectures, supervision of thesis, joint publications, consultancy or joint re-
search projects). Since the advent of innovation policies, the role of orchestrated inter-
action has also become important, especially in Finland. This type of interaction is typi-
cally facilitated through public R&D programs, incubators, science and technology
parks and other various intermediaries funded by governments. Finally, technology is
transferred through mobility of researchers between university and industry (see e.g.
Brennenraedsts et al., 2006). This might also occur through joint research- or other facili-
ties that institutionalises mobility.

As the CE- model of technology transfer suggests the characteristic of the transfer
agent will also contribute to how the transfer object is received by firms. In his review
Bozeman (2000) identifies a number of characteristics of research groups at universities

and research institutes that are of relevance to briefly touch upon here. First of all, the



basic research orientation of groups will directly affect the nature of the transfer object,
as is also the case for the scientific disciplinary specialization. Nonetheless, extant re-
search also suggests that problems associated with the transfer of basic research and
immature technologies can be partly overcome by organizational arrangements, an ac-
tive and open-minded culture towards commercialising research, as well as by gate-
keepers with both research and business experience (see especially Rahm et al., (1988);
Rahm (1994); Allen (1977); Tushman and Katz (1980), MacDonald and William (1994)).

Another important insight from is that university and research institute groups
naturally differ in some important ways compared to their counterparts in public re-
search organisations. In particular, university groups might be less interdisciplinary as
departments of tradition have been set-up along disciplinary boundaries (Llerena and
Meyer-Krahmer, 2003). They will — by default — also give greater emphasis to basic re-
search, as well as scientific publications, conferences and lecturing as modes of interac-
tion with firms as the recipients (the dotted line in Figure 1). Research institutes have a
different mission towards technology transfer in this respect and therefore they also
tend to be more dependent on external funding. On the other hand, university groups
might possess unique and expensive research equipment that firms need. They also
have an important resource in their students which will facilitate technology transfer if
they are employed by firms after graduation.

In the CE-model of technology transfer characteristics of the transfer recipient also
matters. In this paper we focus on firms as recipients. From a firm viewpoint extant re-
search suggests that larger firms are in a better position in this respect due to their lar-
ger R&D budgets and institutionalised research activities e.g. in central laboratories.
Larger firms also tend to be more prone to employ PhDs, some of which might develop
into ‘gatekeepers’ (Harmon et al., (1997)). On the other hand, smaller spin-off firms
from the public research sector do also benefit from direct personal contacts to their
previous mentors. Smaller and research intensive firms might find greater advantages
in locating themselves in the immediate vicinity of universities, and they might take
greater advantage of various technology transfer and other intermediating organisa-

tions such as science and technology parks (Darby and Zucker, 2003).



The characteristic of the demand environment is also an important dimension to
consider here as it affects especially the incentives of the transfer recipient but assum-
edly also the incentives of the transfer agent (the dotted line in Figure 1). The primary
issue highlighted by Bozeman (2000) relates to the nature of demand as it affects appli-
cation and commercialization possibilities of the object of technology transfer through
various feedback loops. We will not dwell further into this discussion other than
merely noting that researchers’ perception of the commercial potential of the technol-
ogy probably affects their incentives to interact, especially in the case of nanotechnol-
ogy where researchers play an important role due to the early phase of development of
the field.

Finally, we also note that Bozeman (2000) stresses the importance of considering
multiple criteria when assessing the effectiveness of technology transfer. Nonetheless, this
paper merely presenting the intermediate outcomes of nanotechnology transfer, appli-
cation and commercialization paths descriptively, while an analysis of the effectiveness
requires a tighter explanatory approach that we leave for subsequent in-depth re-

search.

2.3. Survey design and practicalities

As the title of this paper suggests the survey focuses on nanotechnology transfer
in the broader context of ‘science-based” technologies. One of our empirical contribu-
tions is to characterize nanotechnology as the object of technology transfer in Finland
and we do this in the next section 3 below. For the identification of the survey popula-
tion we nonetheless had to rely on an empirically relevant definition of nanotechnol-
ogy that enabled us to identify, in a cruder way, those Finnish researchers and inven-
tors that have had some kind of a documented link to the nanotechnology field. Ac-
cordingly we relied on an advanced nanotechnology keyword search algorithm origi-
nally developed by Fraunhofer Gesselschaft, Institute Systems and Innovation Re-
search (FhG-ISI) in Germany, to identify nanotechnology-related patents and scientific
peer reviewed publications. The algorithm is well established in Europe although it has

not, to the best of our knowledge, yet been used before for defining a survey popula-



tion such as our (see Palmberg and Nikulainen (2006) for further description and dis-
play of the algorithm).

The algorithm identified scientific publications and patent families with Finnish
researchers and inventors within this field until January 2006. In other words, we apply
a broad definition of nanotechnology as it is embedded in the keyword search algo-
rithm at the level of the R&D activities of individual researchers and inventors as these
appear in the title, abstract and keywords of the publications and patents. The Finnish
nationality of these publications and patents were defined based on the information
that at least one of the researchers or inventors had a Finnish affiliation, although for-
eigners naturally also often participated (for a further discussion on this see Palmberg
and Nikulainen (2006)).

It should be stressed that the population of researchers and inventors that we
have identified through this methodology are involved in nanotechnology with various
intensities. Some have numerous publications that relate to nanotechnology in a strict
interpretation of the term, while others might only occasionally have contributed to the
field. This is also reflected in the original distribution of publications and patents
which is highly left-skewed with a longer left tail of authors having only 1 publication.
For identification of the survey population we therefore applied a threshold level of 3
publications (1 publication was considered enough for inclusion in the case of patents.
It should also be stressed that the researchers and inventors might have numerous
other publications or patents in fields not captured by the nanotechnology keyword
search algorithm.

A cumbersome exercise of checking for duplicates and misspelled names was
undertaken during February-April 2006, followed by an identification of the contact in-
formation using the Internet (email, telephone, address, link to www home page). This
exercise resulted in the identification of 1002 individuals for which verified contact in-
formation was available. Meanwhile the survey was designed, inspired mainly by the
analytical dimensions in the CE-model of technology transfer by Bozeman (2000)(see
Appendix 1 for the survey questionnaire). Particular care was taken to enhance the
user-friendliness of the survey as well as to facilitate the inclusion also of researchers

and inventors at firms, in practice by branching the survey according to whether the



10

respondent mainly conducted research or development activities in a university or re-
search institute setting, or in a firm.

Special consideration was also given to avoid using the term ‘nanotechnology’
upfront to minimize that definitional ambiguities would affect the respondents percep-
tions of the various dimensions of technology transfer. Instead we named the survey
“Challenges of new research fields in Finland” and only referred explicitly to
nanotechnology in the last section of the survey where we enquire about the degree to
which the research or development activities of the respondents confer to various defi-
nitions of nanotechnology. The survey design was finalized and piloted during August
2006, and sent out as a web-based one during September-November 2006 along with
two reminders.2

As stated above, this paper provides an analysis of technology transfer from pub-
lic sector researchers and inventors to firms with a specific focus on the degree to
which nanotechnology brings forth new issues and challenges. This means that we
primarily rely on the subset of the data that covers public sector researchers (some of
which also are inventors and have filed patents) while the data on researchers affiliated
to firms is left for later analysis. In the following we will nonetheless present the basic

structure of our survey data as a whole (Table 2).

Table 2. The structure of the survey data by affiliation of respondents

Universities Res_e arch Firms Other Total

institutes
No response 195 96 94 14 399
Response 397 116 79 11 603
67% 55% 46% 44% 60%
Total 592 212 173 25 1002

The response rate after two reminders is 60%, resulting in 603 responses and few
item non-responses. This response rate is exceptionally high for a web-based survey

and suggests that our efforts in designing the survey and other practicalities were

2 In addition to the web-based survey we provided English and Swedish language versions in Word-
format for 14 individuals who preferred this alternative. We also included an iPod Nano music player lot-
tery as an incentive and promised to send an executive summary of the results to all interested.
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worthwhile. A contributing factor for the high response rate was probably also related
to the specificities of the target group consisting of junior and senior researchers mostly
with less operative responsibilities compared e.g. with R&D managers at firms. This is
partly also reflected in the differences in the response rate across the affiliations. Uni-
versity researchers and inventors have the highest rate and this group also constitutes
the bulk of the survey data. Researchers and inventors at research institutes and firms
have lower response rates, although 55-46% also can be considered as very good.

From Table 2 it is also clear that the survey foremost covers researchers and in-
ventors affiliated to universities as expected given the methodology used in identifying
the respondents. The share of respondents affiliated to research institutes and firms is
also sufficiently large for comparative analysis across different types of researchers and
inventors by these affiliations. Of all respondents affiliated to research institutes 55%
work at the Technical Research Centre of Finland (VTT). This should be borne in mind

when interpreting the results.

3. FINNISH NANOTECHNOLOGY AS THE TRANSFER OBJECT

3.1. Nanotechnology intensity

With reference to the CE-model we turn to the first issue of characterizing the ob-
ject of technology transfer by the intensity at which the survey respondents consider
themselves involved in nanotechnology. The survey included a question about the
compatibility of a definition of nanotechnology commonly used amongst practitioners
and policymakers, i.e. the referred to by the National Nanotechnology Initiative (NNI)
in the US (see Appendix 1 and http://www.nano.gov/) with their R&D activities on an
ordinal scale from 1 to 4. Figure 2 presents the distribution of the respondents by this
question.

Interestingly enough this question splits the data neatly into two equally large
subsets (47% less nanotechnology intensive, 52% more nanotechnology intensive). At
the extremes 29% consider themselves 'very much’ involved in nanotechnology, these
researchers and inventors represent the core of nanotechnology in Finland as we have
defined it in the survey. Correspondingly, 24% feel that they not at all” are involved in

nanotechnology. Thus it is clear that the nanotechnology keyword search algorithm
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also identifies a noteworthy share of researchers and inventors with a rather distant re-
lationship to nanotechnology, or at least which do not communicate with the com-
monly used NNI definition.

Figure 2. Nanotechnology intensity of respondents

40

30 A

% 20
10
04

Not at all Slightly Quite much Very much

Due to the hype that partly also is associated with nanotechnology it is important
to break down the definition somewhat more in order to get a better picture of the
content of the R&D that these researchers and inventors are involved in. As a first ap-
proximation — pending on the further categorizations — we use five partly overlapping
definitions of nanotechnology, again judged on an ordinal scale from 1 to 4 depending
on how well they match the research or development content of the respondents.

The first viewpoint captures whether they conduct research or development ac-
tivities ‘below the 100 nm measurement scale’. The remaining viewpoints capture the
content in terms of basic versus more applied research or development activities, rang-
ing from the ‘characterization/modelling” to the ‘manipulation/control’, ‘use of new
technologies for new functionalities” of new materials, structures and appliances to the
actual ‘production” of these. Figure 3 presents the mean value of how well the respec-
tive approaches describe the content of the respondents’ research content on an ordinal

scale from 1 to 4.
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Figure 3. Research approach of respondents
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The ‘below the 100 nm scale” definition appears to be most commonly recog-
nized, followed by the rest in a marginally declining succession of importance when
moving towards more applied research or development activities. Interestingly, high
scores on all these definitions also correlate positively and significantly (p<0.01) with
the earlier definition of nanotechnology in Figure 2 above, even tough the correlation
coefficient declines somewhat when moving from the ‘below the 100 nm scale’, "char-
acterization/modelling” and ‘manipulation/control” approaches towards more applica-
tion oriented research or development activities.

When Figures 2 and 3 are considered jointly the overall impression is that the
survey has captured a relevant share of the population of nanotechnology-related re-
searchers and inventors, even though we cannot analyse the coverage explicitly. Fur-
ther, the definitions of nanotechnology that we have used in the survey appear to be
robust. An especially useful characteristic of the split of the data into two equally large
subsets by the definition used in Figure 2 is that we can stratify the survey data by
nanotechnology intensity, i.e. by 'less” or ‘'more” nanotechnology. In this way we can
live up to the title and aim of this paper and highlight the specificities of nanotechnol-

ogy across the different dimensions of technology transfer. We will do this with refer-



14

ence to Chi-square tests of association as well as t-tests when appropriate. The p-values

of these tests are reported throughout.

3.2. Nature of the knowledge base

The educational background and professional experience of the researchers and
inventors contributes to the nature of the Finnish knowledge base in nanotechnology
and thereby also influences the object of technology transfer, especially in terms of its
tacit elements. Further, the educational and professional background gives more in-
formation on the characteristics of the two subsets of researchers and inventors that we
define for the comparative analysis based on their nanotechnology intensity.

Overall the survey apparently targeted senior level researchers and inventors as
might be expected given the threshold level of at least three publications that we as-
signed for inclusion in the survey. Of the total number of respondents 78% hold a PhD
degree, while 20% hold a masters degree (the remaining 2% hold a vocational, poly-
technic or some other degree). The seniority of the respondents is also reflected in their
mean and median age being 44, while they have received their degree on average 13
years ago (mean 13, median 10). The stratification by nanotechnology intensity did not
produce any significant differences across respondents in these dimensions and will
thereby not have to be considered in interpreting the ensuing results. Figure 4 moves
on to the distribution of the educational background of respondents by their highest
degree.

Nanotechnology is commonly understood as an interdisciplinary field, mainly
mixing various subfields of physics, chemistry, as well as biology (see e.g. Hullmann
and Meyer (2003), Heinze (2004), HelsinkiNano (2005)). As expected the fields of phys-
ics — including technical physics — and chemistry dominate also in the educational
background of these surveyed researches and inventors. What is more surprising is the
large share with a biology-related education. Amongst those with a highest degree in
biology, biochemistry, and biosciences are added together, the share of biology-related
respondents exceeds by far the physics- and chemistry-related ones.

This result is interesting from two viewpoints. First, it underlines further that

there is cross-pollination between nanotechnology and biotechnology, perhaps to the
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degree that we are witnessing the emergence of ‘nanobiotechnology” as a new and dis-
tinct research field in its own right (compare to Grodal and Thoma (2006); Rafols and
Meyer (2006)). Second, it suggests that nanotechnology can potentially find applica-
tions also in the biotechnology industry, even though the commercialization of Finnish
biotechnology still faces many challenges ahead (Hermans and Kulvik, 2006;
Luukkonen and Palmberg, 2007).

Figure 4. Educational background of respondents
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Beyond these general observations, the stratification by nanotechnology intensity
introduces noteworthy differences. Those more intensively involved have a stronger
background in physics-related fields and chemistry, while those less intensively in-
volved in nanotechnology lean significantly more on biology as well as medical sci-

ence. In terms of our stratification this implies that our less nanotechnology-intensive
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subset appears somewhat biased towards researchers and in inventors with a back-
ground in biology-related educational disciplines as well as the medical sciences. Bio-
chemistry and bioscience apparently contributes to the field in general irrespective of
the nanotechnology-intensity of the respondents.

The professional experience of the respondents is also important to consider. In
the survey we included questions on the primary and secondary country of their stud-
ies as well as on their work experience. 94% of all respondents have primarily studied
for their highest degree in Finland. However, 34% has an experience of spending at
least half a year abroad during their studies. These figures do not depend in any note-
worthy way on the nanotechnology intensity of the researchers and inventors. Another
viewpoint is to look at the distribution of foreign visits of the respondents across geo-

graphical regions (Figure 5).

Figure 5. Foreign study visits of respondents
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As could be expected European and US research institutions account for the ma-
jor share of foreign visits, followed by the Nordic Countries. The stratification by
nanotechnology intensity does not make a noteworthy difference with the exception
that those more intensively involved in nanotechnology have tended to favour Euro-

pean institutions for their visit abroad at the expense of North American ones (p<0.10).
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In terms of work experience we made a distinction between Finnish and foreign
universities or research institutes, Finnish SMEs and large firms, as well as foreign
firms, asking whether the respondents had worked full-time at these respective organi-
sations for at least one year. Table 3 presents the distribution in terms of the share of to-
tal respondents that have the corresponding experience by their present primary af-

filiation.

Table 3. Professional experience by affiliation of respondents

University Resgarch Firm Other
institute

Finnish ur_1|ve_r3|ty or 99% 99% 91% 98%
research institute
Foreign u_nlve_rsny or 65% 61% 49% 31%
research institute
Finnish SME 24% 15% 82% 33%
Finnish large firm 28% 40% 87% 43%
Firm abroad 8% 3% 45% 10%

Given that the majority of our respondents are researchers with an academic ca-
reer path at Finnish universities or research institutes, they have naturally also the most
extensive experience of working in these organisations. The relatively active stance that
these respondents have taken towards visiting foreign countries during their studies is
also reflected in these figures. Further, a noteworthy share has experience of working at
larger Finnish firms across the board. By and larger, the stratification by nanotechnol-
ogy intensity does not produce any noteworthy differences across the subsets.

Based on a survey question we can also locate the respondents to the municipal-
ity where they presently work full time (see Appendix 3). The geographical distribu-
tion of the respondents appears to match the distribution of well known nano- and bio-
technology centres in Finland quite well (see OPM (2005), Palmberg and Nikulainen
(2006)).
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3.3. Timeframe and drivers for entry

A final perspective on the object of technology transfer is the respondents’ drivers
and timeframe for entering the present research or development field as this might also
contribute to various dimensions of the transferability of nanotechnology to firms. In
the survey we asked for the time when the researchers and inventors first initiated re-
search or development activities in their present field on a categorical scale, and en-
quired about the main motivations for doing so. Turning to the first question in Figure
6 below, the distribution across the entry times suggests that the majority have entered
5-10 years ago or beyond. Nonetheless, when stratified by nanotechnology intensity it
is clear that those with a higher intensity also tend to have entered more recently

(p<0.05).

Figure 6. Time of entry to research field of respondents
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Researchers and inventors have typically entered already many years prior to the
launch of the FinNano programs and related policy initiatives in Finland, at a time
when the term nanotechnology was not much used. However, those more intensively
involved appear to have entered relatively more recently, perhaps also activated by
these programs and initiatives. Even though age and entry times naturally relate to
each other, this conclusion holds irrespective of age differentials of the respondents as

we saw earlier.
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The main drivers of the respondents for initiating research or development activi-
ties in the field appear as quite common ones, shown in Figure 7 as mean value on an
ordinal scale from 1 to 4 by importance (Bozeman, 2002; Lee, 2000; Schartinger et al.,
2001). 'Own research interest’, the ‘research interest of supervisor” and the ‘availability
of public funding’ score high, while "firms needs” and "potentials of commercialisation’
appear to matter less. The stratification by nanotechnology intensity does, however,
produce significant differences. Those more intensively involved in nanotechnology
regard especially the ‘research interest of supervisor’ (p<0.01), ‘availability of public
funding” (p<0.01), ‘'new research instruments” (p<0.01), 'visits abroad” (p<0.01), “firm
needs’ (p<0.05) and ‘commercial potential” (p<0.01) as relatively more important driv-
ers for initiating research in their field.

Especially the invention of new research instrumentation in the field of micros-
copy has been considered as defining moments in the development of nanotechnology

(Zucker and Darby, 2003). It seems that this is also reflected in our data.

Figure 7. Drivers of entry to research field of respondents
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4. AGENTS, MODES AND CHALLENGES OF NANOTECHNOLOGY
TRANSFER

4.1. Research groups as transfer agents

We now move onward from characteristics of Finnish nanotechnology as the ob-
ject of technology transfer to the actual characteristics, modes and challenges of the
process itself. We do this from the perspective of public sector researchers (some of
which also are inventors and have filed patents) while excluding the perspectives of
firms as well as those with an unknown other affiliation. This reduces the dataset from
603 to 485 respondents.

This focus on public sector researchers is motivated by the fact that the firm per-
spective on technology transfer is quite different, and thus warrants a separate analysis
(the basic frequencies from the firm perspectives is reported in Appendix 2). Moreover,
with reference to the discussion about the analytical framework in section 2 we tabu-
late and analyse the results of the survey across universities and research institutes as
affiliations of the respondents that differ in some important ways vis-a-vis technology
transfer.

With reference to the CE- model of technology transfer the characteristics of re-
search groups as the agents of this process is one relevant dimension. In the survey we
dedicated various questions to this from the viewpoint of the size of groups, their in-
terdisciplinary orientation and funding structures. A research group was defined as the
entity where the respondent worked at the time of the survey and that uses common
financial, intellectual and material resources.

Turning first to the size of research groups it seems that most groups are me-
dium-sized, comprising of 5-20 researchers (Figure 8) across both type of institutions,
even though university groups are slightly larger when the two distributions are com-
pared. The stratification by nanotechnology intensity introduces significant differences
in this context (p<0.01) respectively p<0.10). Respondents more intensively involved in
the field also tend to work in larger groups, as evidenced especially in the case of uni-

versity researchers.
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Figure 8. Size of research group by affiliation of respondents
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One reason for the large size of groups could be that the core of nanotechnology
is more interdisciplinary by nature, thus requiring collaboration with a broader range
of researchers from different disciplines. Interdisciplinarity is tricky to define in a sur-
vey. We defined interdisciplinarity as collaboration within a research group that spans
different scientific disciplines, thus excluding external collaboration that all groups as-
sumedly are engaged in. Figure 9 presents the characteristics of research groups from

this viewpoint.

Figure 9. Interdisciplinarity of research groups by affiliation of respondents

%

University reserachers

100
90 -
80 —
70
60 ——
50—
40 +—
30 -
20

10 +—

O Less nano
m More nano

Yes

No

%

Institute researchers

100
90 -

80

70 4
60 ——
50 ——
40 +—f
30
20 A

10 +—

O Less nano
m More nano

Yes

No




22

As could be expected an overwhelming majority of all researchers consider
themselves working in a research group defined as interdisciplinary, both in the case of
university and institute researchers. The stratification by nanotechnology intensity only
seems to matter in the case of institute researchers as those more intensively involved
in the field also more frequently identify their group as interdisciplinary (p<0.01). This
result can be taken as some support for the argument by Llerena and Meyer-Krahmer
(2003) that research institutes have greater opportunities to conduct interdisciplinary
research as they are not constrained by traditional disciplinary boundaries that charac-
terise university departments. However, it does not seem to be the case that an inter-
disciplinary focus of researcher groups is the primary reason for why nanotechnology-
intensive researchers tend to work in larger research groups.

The funding structure of research groups gives indication about the degree to
which they are engaged in basic or applied research. Further, the share of firm funding
and changes over time points to the degree to which they connect to firms in the first
place, even though the presence of firm funding does not automatically imply that
technology is actually transferred. Figure 10 gives the mean value of the relative impor-
tance that the respondents give on an ordinal scale from 1 to 4 to various sources of
funding for funding their research activities.

Hardly surprisingly university researchers give a higher importance to funding
by the Academy of Finland and various foundations compared to institute researchers.
The institute researchers are more application oriented by default. Correspondingly,
institute researchers give a higher importance to Tekes, the EU and firm funding. These
comparisons suggest that research institute have been more active towards the R&D
programs by the EU when compared with universities. The higher importance given to
own funding by institute researchers is primary due to the fact that a majority work at

VTT as an institute with a certain share of basic funding by the government.
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Figure 10. Sources of funding by affiliation of respondents
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Again the stratification by nanotechnology intensity highlights some interesting
and significant differences. By and large, those more intensively involved in nanotech-
nology also give greater importance to funding by the Academy of Finland (p<0.05 for
university researchers), Tekes (p<0.01 for both types of respondents) and the EU
(p<0.05 for university researchers and p<0.10 for institute researchers) compared to the
rest. All of these funding institutions have recently launched science or technology pro-
grams in the field (the FinNano programs in Finland and the EU framework pro-
grams). Accordingly, it seems that those researchers that are more nanotechnology in-
tensive also have been more active vis-a-vis these nanotechnology related public pro-
grams. A noteworthy result is also the significantly larger importance that nanotech-
nology intensive institute researchers give to firm funding (p<0.01).

Firm funding gained more attention in the survey. We asked more precisely how
large a share firms contributed to the total budget of the research group, as well as how
this share had developed during the last three years on a categorical scale (Figure 11).
The lesser importance given to firm funding by university researchers is also visible in
these figures when comparing to institute researchers. What is interesting, however, is
that more nanotechnology intensive researchers report higher shares of firm funding
across the board, especially in the range of 26-50% (p<0.05 for universities, p<0.01 for
institutes). The overall impression is that nanotechnology attracts firm funding. Further

analysis has to be undertaken in order to assess to what degree these larger shares re-
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lated to the FinNano and other programs by Tekes, or to direct bilateral funding out-
side such programs.

When looking at developments during the last three years it is clear that firm
funding is on the increase especially for research groups of institute researchers more
intensively involved in nanotechnology (p<0.10)(Figure 12). Beyond this, it seems that

the share of firm funding has not changed dramatically during the last three years.

Figure 11. Share of firm funding by affiliation of respondents
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Figure 12. Change in share of firm funding by affiliation of respondents

University researchers Inistitute researchers
70 70
60 60
50 50
40 A 40
O Less nano O Less nano
% % M
30 m More nano 30 | More nano
20 20
0 . : 0 . ;

Decreased Unchanged Increased Decreased Unchanged Increased



25

4.2. Modes and outcomes of nanotechnology transfer

We took particular care in the survey to avoid equating technology transfer
modes with formal R&D collaboration based on written contracts, as we wished to
cover a broad scale of formal and informal interactions between researchers and firms
(compare with Brennenraedts et al. (2006)). Accordingly, we included a question on the
degree to which they had been engaged with firms during the last five years in any of
the ways displayed in Figure 13 below by degree of frequency, again as mean values on

an ordinal scale from 1 to 4.

Figure 13. Technology transfer modes by affiliation of respondents
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The Figure gives some indication of the degree of interdependency between the
researchers and firms as potential or actual recipients of technology transfer. The most
frequent modes across both types of researchers are "conferences or seminars’, ‘public
R&D programs’, and ‘bilateral R&D projects’. Apart from conferences and seminars,
all these modes represent quite formal technology transfer.

The stratification by nanotechnology intensity produces significant and interest-
ing differences, suggesting that particularly those more intensively involved in the
field also more often engage with firms in the above mentioned ways (p<0.10 across the
board). Nanotechnology also makes a difference in terms of joint publications involv-
ing firms university researchers (p<0.05), as well as in terms of having ‘joint R&D facili-
ties” (p<0.05). Moreover, those institute researchers that are more nanotechnology in-

tensive also tend to have more firm engagement through R&D consulting (p<0.05).
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The high scores given to "conferences or seminars” and “public R&D programs’,
‘bilateral R&D projects” and "R&D consulting” might relate to the FinNano programs
and thus point to the role of policy in activating researchers vis-a-vis firms. Unfortu-
nately we do not have complete data on all researchers and inventors actually partici-
pating in the FinNano-programs. Based on our question whether the respondents had
applied for funding from these programs we can nonetheless confirm further that those
more nanotechnology intensive appear more active also in this context (p<0.01)(Figure
14). Nonetheless, it should be noted that biotechnology has been excluded from these
programs. The less nanotechnology intensive subset of respondents has assumedly

thereby found these programs less relevant per default.

Figure 14. FinNano application

80

70 A

60

50

O Less nano
% 40

| More nano

30 4

20 A

10 4

No Yes

The mode of interaction with firms does not reveal the degree to which research-
ers actually transfer nanotechnology. Hence, we also included a direct follow-up ques-
tion on this using an ordinal scale from 1 to 4. As much as 40% of all respondents from
universities and research institutes considered themselves transferring ‘quite a lot” or
‘very much’ research information or results to firms, the share being higher for those
more intensively engaged in nanotechnology (p<0.01). Institute researchers appear to
consider themselves especially active in this context since 49% gave high scores. In part
this is a natural consequence of the fact that they receive more funding from firms as
they are more application-oriented by default due to the role that research institutes,
such as VTT. 24% reported no transfer, the share being higher for those less-involved in

nanotechnology (30%).
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Turning to the outcomes of technology transfer, we took care in including a broad
range of different types of outcomes. We asked the respondents to consider how often
they had achieved the things showed in Figure 15 as mean values on an ordinal scale
from 1 to 4. At the outset it should again be noted that this question naturally falls
short of measuring the actual effectiveness of technology transfer as an issue that we

can return to later.

Figure 15. Technology transfer outcomes by affiliation of respondents
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The main outcomes relate to ‘receiving funding’, ‘identification of new research
questions’ and the ‘identification of commercial opportunities’, the latter being more
important for institute researchers. Patenting” and 'licensing” do not appear to be so
common amongst these surveyed researchers.

Again some further insights can be gained by comparing across by nanotechnol-
ogy intensity. University researchers more intensively engaged in the field consider the
‘identification of new research questions” as a more frequent outcome (p<0.05), while
institute researchers clearly do so in the case of ‘identification of commercial opportu-
nities” (p<0.01), ‘patenting” (p<0.01) and ‘licensing” (p<0.05). By and large this appears
in line with what was said above relating to the role of research institutes, such as the

VTT.
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4.3. Nanotechnology transfer recipients and challenges

In the CE-model of technology transfer the characteristics of the transfer recipi-
ents are also highlighted as important dimensions in an analysis of technology transfer.
The first survey question of relevance here asked about the size of firms that the re-
searchers have primarily been engaged with, distinguishing between firms with less
and more than 50 employees. In addition we asked whether the firms were located in
Finland or abroad. In Figure 16 we pool both of these questions to arrive at broad clas-
sification of firms as the recipients of the research information and results. The distri-
bution is based on the percentage share of respondents that have been engaged with

the respective type of firm.

Figure 16. Types of firm engagement by affiliation of respondents
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As many as 40% of all respondents primary engage with larger firms in Finland
with more than 50 employees. Firms abroad have a far lesser role as transfer recipients,
while 7% on average across both subsets mentioned that they have no firm contacts.
The stratification by nanotechnology intensity does not alter the results significantly
except for institute researchers and their activities vis-a-vis larger firms in Finland.
Thus, it seems that the increasing and higher share of funding of nanotechnology in-
tensive institute researchers foremost relates to engagement with larger Finnish firms.

Turning to the perceived challenges, Figure 17 gives the mean value based on an
ordinal scale from 1 to 4 of the relative significance that the respondents give to differ-
ent types of challenges in so far as they have made it more difficult to disseminate re-

search information or results to firms.
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Figure 17. Technology transfer challenges by affiliation of respondents
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Across both types of institutions the foremost challenges relate to the basic re-
search orientation of nanotechnology and the way in which this hampers the identifica-
tion of commercial applications. In addition researchers apparently perceive their "lack
of market and business skills” as challenges as well. "Lack of firm interest” and the ‘lack
or underdevelopment of production technologies” also receives high scores, especially
when the partners was a larger firms. These results confirm further that Finnish
nanotechnology presently is very science-based and in an early phase of development
even though there are also concrete examples of commercialization paths in Finland
(OPM, 2005; Palmberg and Nikulainen, 2006).

In this context the stratification by nanotechnology intensity only produces sig-
nificant differences for institute researchers. Those more intensively involved actually
view the "basic research orientation of the field’, ‘insufficient knowledge of businesses
or markets’, and ‘firms lack of interest” as a lesser challenge (p<0.05, p<0.05, respec-
tively p<0.01). Moreover, both university and institute researchers that are more
nanotechnology intensive consider their research groups as less passive in terms of
firm interactions. Overall, the impression is thereby that higher nanotechnology inten-
sity does not offer so different challenges with respect to technology transfer in gener-
ally. Further, the challenges highlighted here seem to be broadly similar to what the lit-
erature on technology transfer tends to highlight also in other countries (see e.g. Schart-

inger et al. (2001); Bozeman (2000); Meyer (2000a); Schartinger et al. (2001)). In fact,
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high nanotechnology intensity appears to imply that researchers in Finland also are
more closely oriented towards firms at the outset. This is an issue worthy of further
analysis later one.

The location of researchers at science parks, technology centres or the like proba-
bly also affects the challenges and opportunities that they perceive. We covered this by
asking whether such intermediating organisations had been important for facilitating
interactions with firms. Out of all respondents 17% considered intermediating organi-
sations as beneficial, while 22% of the more nanotechnology intensive ones did so.
University researchers considered intermediating organisations as more beneficial.
This is probably also due to the fact that these are more geographically dispersed with
units more frequently located in these organisations when compared with research in-

stitutes.

4.4. The demand environment: application and commercialization paths

Given the early phase of development of nanotechnology the demand environ-
ment for technology transfer is difficult to quantify. In the CE-model of technology
transfer the demand environment is foremost considered to affect the incentives of the
recipients of technology transfer, while we also claim that it will affect the transfer
agents. Given our focus on public sector researchers in this paper the closest we could
come to covering this was to ask about industries and commercialization durations that
the researchers considered as viable when moving from research and development ac-
tivities towards commercialization.

Turning first to application industries, we asked the respondents to choose three
industries that hold the most potential for the application of their research or develop-
ment activities using a standard industry classification scheme (Figure 18). The indus-
tries referred to most frequently include ‘electronics’, ‘pharmaceuticals’, and "other
chemicals’, the latter two receiving particularly much mentioning by those university

researchers who are more intensively involved in nanotechnology.
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Figure 18. Application industries by affiliation of respondents
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The high frequency of pharmaceuticals is interesting and compatible with the
fact that a large number of the researchers also have an educational background in
medical science as well as biology-related fields. It highlights yet further the cross-
pollination between nano- and biotechnology, but also points to policy challenges due
to the fact that there is a lack of larger pharmaceuticals firms in Finland with resources
to commercial biopharmaceuticals internationally (see Hermans and Kulvik (2006);
Luukkonen and Palmberg (2007) for the case of biotechnology). The high frequency of
electronics reflects traditional Finnish strongholds in this industry, not least through
the success of Nokia and the telecommunications industry. Apart from these high-
technology industries the ‘metals and engineering’, ‘foodstuffs’, 'wood and paper” and
‘energy’ industries also receive relatively much mentioning.

Concerning the commercialization durations we made a distinction between the
expected time to commercial applications of the research and development field in gen-
eral and the specific area in which the respondents worked within. In this way we
hoped to get some insights about the global developments as well as the position of
Finnish research areas against these global developments. Figure 19 presents the distri-
bution of the durations in general on a categorical scale as the number of expected

years to significant international commercial applications. The expected durations ap-
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pear as surprisingly short as a significant share of the respondents already now iden-
tify existing commercial application. On the other hand, a large share does not know or
expects applications to emerge beyond 10 years as an indication of perceived uncer-

tainty.

Figure 19. Commercialisation durations in general by affiliation of respondents

University researchers Inistitute researchers
60 60
50 50
40 A 40 +
Less nano
% 30 4 OLess nano % 30 4 O
W More nano W More nano
20 A 20 4
10 4 10 1
0 T T T 0 : . :
Already  <5yrs.  5-10yrs.  >10yrs,, Already  <5yrs.  5-10yrs. >10yrs,,
available do not available do not
know know

The stratification by nanotechnology intensity produces significant differences as
those that are more nanotechnology intensive tend to have a more optimistic view on
the durations (p<0.01 for both groups). The majority of these researchers identify dura-
tions in the middle range of 5-10 years. The differences appear especially pronounced
amongst institute researchers where a higher nanotechnology intensity dramatically
reduces the share of unknown durations, or durations expected to last beyond 10 years.
One reason for these clear differences assumedly relates to the observation made ear-
lier that a much larger share of the less nanotechnology intensive researchers have an
educational background in biology and the medical sciences. In so far as these apply
nanotechnology in drug design and development, the fact that various clinical trials
prolong commercialisation durations in the pharmaceuticals industry surely is re-
flected here (for an analysis of commercialisation durations across industries see Palm-
berg (2006)).

Turning to the expected time to commercialization of the specific area in which
the respondents worked within at present a different distribution emerges (see Figure
20 where the durations are on the same categorical scale as above). The share of re-

spondents suggesting longer commercialization durations increases especially for
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those who do not know or expect durations of 10 years or more. Correspondingly, the
share that already now identifies commercial breakthroughs is smaller when compared
with the durations in general. By and large, it thereby seems that the researchers have a
less optimistic viewpoint on the time to commercialization of their own research when

compared with the situation for their field as a whole more generally.

Figure 20. Commercialisation durations of own research by affiliations of respondents

University researchers Institute researchers
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The stratification by nanotechnology intensity produces significant differences as
those that are more nanotechnology intensive tend to have a more optimistic view
about the durations (p<0.05 for university researchers, p<0.01 for institute researchers).
The difference is particularly clear for institute researchers where the share of respon-
dents who do not know or expect 10 years or more drops very noteworthy by higher
nanotechnology intensity. These results might again relate to the "biotechnology effect’
discussed above. Further insights can be gained by cross-tabulating these durations
with the frequency of potential application industries. We do this in Figure 21 by dis-
tinguishing for each industry the share of respondents expected different durations

along the same categorical scale.
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Figure 21. Commercialisation durations of own research by application industries
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Interestingly the respondents identifying applications in Ré&D-intensive indus-
tries such as pharmaceuticals, chemicals and electronics also tend to expect longer or
unknown commercialization durations for their own research compared with the situa-
tion in the more traditional industries such as metals and engineering, foodstuffs, pulp
& paper, energy and construction. In other words, even though the largest share of all
respondents identify high-technology industries as the most potential ones for com-
mercial applications in many traditional industries might offer quicker commercializa-

tion paths. This observation is an important one to be explored in greater depth.

5. A SYNTHESISING DISCUSSION

This paper uses a unique survey data, collected at the level of individual re-
searchers and inventors, to provide new insights into specificities of the transfer of
nanotechnology from the public research sector to industry in Finland. It uses the con-

tingent effectiveness model, developed by Bozeman (2000), as an analytical organizer



35

to highlight various dimensions of technology transfer while leaving their relationships
causalities for further analysis. The survey and this paper are motivated by the high
commercial expectations that nanotechnology raises in Finland, as well as in most
other industrialized countries, even though the field still is very scientist-driven. One
key issue for the further development of nanotechnology in Finland is therefore
whether channels for nanotechnology transfer can be established and supported fur-
ther for the commercialization, as well as the general development, of the related sci-
ences and technologies.

The contingent effectiveness model identifies the nature of the object, agents,
modes, recipients and the demand environment of technology transfer as the key ana-
lytical dimensions. Nanotechnology is an elusive object of technology transfer due to
definitional ambiguities. The survey data has an origin in an advanced nanotechnology
keyword search algorithm that identified Finnish researchers and inventors in the field
through their publication and patenting profiles. Slightly more than half of all respon-
dents did indeed consider themselves involved in nanotechnology by the common
definitions that we used, even though a noteworthy share of 24% identified no in-
volvement. This result partly questions the reliability of the keyword search algorithm
that is often used as science and technology indicators for nanotechnology develop-
ments. Nonetheless, it might also underline further the definitional ambiguities; some
respondents simply do not communicate with the term ‘nanotechnology” even though
their research or development activities focuses on nanoscale phenomena.

In this paper we have capitalized on the split of the data into two equally large
subsets of respondents by their nanotechnology involvement, or intensity, to consider
whether “nanotechnology makes a difference” in the various dimensions of technology
transfer.®> These subsets of respondents do not differ to any greater extent in terms of
their educational level, professional experience or age. However, those more inten-
sively involved in nanotechnology have a stronger educational background in physics-

related fields and chemistry, while the less involved ones lean relatively more on biol-

3 It is important to note once more that we took particular care in the design of the survey to avoid using
the term ‘nanotechnology’ upfront and only referred to it in the last section of the questionnaire to mini-
mize that definitional ambiguities and hype would affect the respondents’ perceptions of the various di-
mensions of technology transfer.
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ogy as well as medical science. This result underlies the cross-pollination between
nano- and biotechnology, while also suggesting that the core of Finnish nanotechnol-
ogy nonetheless mainly draws on physics and chemistry. These differences in the edu-
cational background of the two subsets of respondents have to be borne in mind when
interpreting the results.

To what degree then “does nanotechnology really make a difference” in the vari-
ous dimensions of technology transfer? It is clear that the difference can only be one of
degree as we, after all, all comparing two subsets of public sector researchers with a
similar background in natural sciences. Despite this we can pinpoint numerous inter-
esting differences which are relevant to consider for policymakers. In terms of the
agents of technology transfer, the more nanotechnology intensive research groups are lar-
ger in size and they tend to be somewhat more interdisciplinary, especially in the case
of research institutes. They also give greater importance to funding by the Finnish
Funding Agency for Technology and Innovation (Tekes) and have higher shares of
firms funding. The overall impression is thus that these research groups are attracting
somewhat more firm funding and, at least by this criterion, appear well positioned as
agents of nanotechnology transfer.

The share of firms funding is naturally an important although not sufficient con-
dition for technology transfer. Technology transfer can take various modes and produces
various outcomes, some of which are more conductive for the process and its effective-
ness than others. Generally speaking, conferences and seminars, public R&D programs,
and bilateral R&D projects are the most common modes of interactions with firms,
while securing research funding and identifying new research questions or commercial
opportunities are the most common outcomes. However, the modes mentioned above
are especially prevalent amongst the more nanotechnology intensive researchers. Fur-
ther, they have been more active in applying for funding from the public FinNano-
programs, both of which are dedicated explicitly to nanotechnology. They also give a
better self-assessment of their technology transfer attempts. Hence, the overall impres-
sion is that this subset of more nanotechnology intensive respondents takes a more ac-

tive stance towards technology transfer, engage more often with firms through confer-
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ences, seminars, public R&D programs and bilateral R&D projects, and also attract
more firm funding.

Why is a higher nanotechnology intensity associated with a more active stance
towards technology transfer? At least two interpretations seem relevant here. A first in-
terpretation is that the FinNano programs have indeed activated the intended transfer
agents, contributed to increasing their share of firm funding, and facilitated increasing
interactions between public sector research and R&D in firms. A definite assessment of
this interpretation would nonetheless require more detailed data on the actual partici-
pation of researchers and inventors in the FinNano programs as well as previous re-
lated programs in the past. A second interpretation is that there might be some unac-
counted differences between the two subsets of respondents that drive the results, one
such differences relating to the higher share of less nanotechnology intensive respon-
dents that have a degree in biology or the medical sciences.

In terms of transfer recipients and challenges the large majority of the surveyed pub-
lic sector researchers and inventors interact with Finnish rather than foreign firms, es-
pecially in the larger firm size cohorts. The major challenges relate to the basic research
orientation of their fields, to challenges in identification of commercial applications,
their lack of business or market skills, or the lack of firm interest. All of these chal-
lenges appear as characteristic of the scientific and technological fields that we covered
through the survey as nanotechnology intensity does not differentiate across the two
subsets of respondents. Hence, nanotechnology does not appear to bring forth new
specific challenges on top of those that characterize the transfer of science-based tech-
nologies to firms in general. Due to the wide range of applicability and multipurpose
nature of nanotechnology further analysis of the challenges is nonetheless needed by a
breakdown of subfields, application industries and commercialization paths.

With reference to the contingent effectiveness model, this paper also incorporates
the demand environment of technology transfer as perceived by public sector research-
ers. The potentials of widespread commercial application of nanotechnology are re-
flected in the broad range of industries that the respondents highlighted. Nonetheless,
the more R&D intensive electronics, metal and engineering, pharmaceuticals and other

chemicals industries stand out amongst those respondents that are more nanotechnol-
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ogy intensive. The high frequency for the electronics industry is probably a natural
consequence of Finnish specialization in information and communication technologies
(ICT), not least through Nokia. The high frequency for pharmaceuticals is interesting
and underlines further the cross-pollination between bio- and nanotechnologies. It
points to policy challenges in commercialization due to the fact that there is a lack of
larger pharmaceuticals firms in Finland with resources to bring bio-nano-
pharmaceuticals all the way to the markets.

In terms of expected durations from research to commercial breakthroughs, a
higher nanotechnology intensity produced more optimistic judgements amongst the
respondents. This seems to be a direct consequence of the fact that commercialisation
durations per default are longer for biology-related and especially biopharmaceutical
products as these have to undergo various clinical trials prior to market introduction.
However, an especially interesting result is that those respondents identifying applica-
tions in the more traditional and less R&D-intensive industries of metals and engineer-
ing, foodstuffs, pulp & paper, energy and construction also expected shorter commer-
cialisation durations. The specificities of the underlying factors that explain these dif-
ferences are important to analyse further given the strong competitiveness that Finland

also has in many of the more traditional low-tech” industries.
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APPENDIX 1. THE QUESTIONNAIRE

1. Education and professional experience

1.1. At which level have you received your highest degree?
Vocational degree
Polytechnic degree []
University degree
Licentiate or doctoral degree

Other []

1.2. In which fields have you received your highest degree?
Natural Sciences
Mathematics or statistics

Data processing
Physics

Chemistry

Biology

Biochemistry
Environmental sciences
Biosciences

Engineering
Machinery, process or automation

Energy technology
Electrical engineering
Technical physics
Information technology
Chemical engineering
Environmental technology
Pulp- and paper technology
Material technology
Industrial economics

Others

Medical sciences
Economics

Law

Some other

I I I A I I I

1.3. Have you primarily studied for your highest degree in Finland?
Yes

N0|:|

If no, in which country?

1.4. Did you visit any other country for at least half a year during your studies?
Yes

No|:|

If yes, in which country(ies)?
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1.5. Which year did you receive your highest degree?
Year:

1.6. Which year are you born?
Year:

1.7. How many scientific publications do you have in peer reviewed journals?
0
1-9
10-19
20-49
50-100
100+ publications |:|

.

1.8. In how many patent applications have you participated in?
0
1-5
6-10
11-20
20+ publications  [_]

1.9. In which of the following organisations have you worked full-time for at least one year?
Yes No
A Finnish university or research institute

L]

A foreign university or research institute

A firm in Finland with less than 50 employees
A firm in Finland with more than 50 employees
A firm abroad

L

1.10. Where do you presently work full-time?
At a university
At a research institute
In a firm

I Y I

Somewhere else
1.11. In which municipality do you presently work full-time?

2. Activities of the research group
Please answer this section and the next (sections 2 and 3) only if you primarily at present work

at a university, research institute or the equivalent. If you work in a firm please go directly to
section 4. In this section we refer to the research group where you work at present. By a research
group we refer to the entity, or team, where you work that uses common financial, intellectual
and material resources.

2.1. What is the size of your research group?
1-4
5-10
11-20
21-100
100+ persons

e

I don’t know
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2.2. Does your group conduct inter-disciplinary research?
We define inter-disciplinarity as collaboration within your group that spans different sci-
entific disciplines.

Yes |:|
No |:|

I don’t know |:|

2.3. What has been the importance of the following sources of funding for your research group
during the last five years? With importance we refer to the relative share of the source for fund-
ing the research. (On a scale 1-4, where 1 = Not important at all and 4 = Very important)

Own funding

1 2 3 4

0o o o O
Academy of Finland [] [] ] [] []
Tekes [] [] ] [] []
Public or private foundations in Finland [] ] ] [] []
EU e I e I
Other foreign public sources [] [] [] [] []

e e

Firm funding

2.4. According to your approximation, what is the share of funding from firms out of the total
for your research group presently?

0%

1-25% []
26-50% L]
over 50% |:|

I don’t know |:|

2.5. How has the share of firm funding for your research group changed during the last three
years?

Declined |:|

Stayed constant |:|

Increased %

I don’t know

3. Knowledge transfer
From this section onwards section we refer to your own personal research and related activities
(i.e. not to your research group). R&D stands for Research and Development.

3.1. Have you been engaged with firms in any of the following ways during the last five years?
(On a scale 1-4, where 1 = Not at all and 4 = Very much)

Conferences or seminars

Lectures tailored for firms

Supervision of thesis of employees of firms
Joint publications with firm representatives

Consultation related to firms R&D

N
)
N I
Oooodaom*

Public R&D-programs involving firms
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Bilateral R&D projects funded by firms
Joint research- or other facilities

Temporary employment at firms

NN
NN
NN
NN
NN

In some other way
If in “some other way’, could you please briefly specify?

3.2. Do you transfer research information/results to firms (through other means than publica-
tions)?

Not at all |:|
Alittle []
Quite a lot |:|
Very much []

I don’t know |:|

3.3. How have your possible firm contacts mainly been made?
Through a contact made by yourself ]
Through contact made by your research group ]
Through a contact made by firms
I do not have firm contacts |:|

3.4. Have the following types of intermediating organisations been important for facilitating
contacts with firms: innovation- or technology centres, firm incubators, technology transfer of-
fices etc.?

Yes |:|
No |:|

I don’t know |:|

3.5. If you are engaged with firms in your research activities, how often have you achieved the
following things? (On a scale 1-4, where 1 = Never and 4 = Very often)

Idon't
know

Receiving research funding

Identification of new research questions
Identification of commercial opportunities
Patenting of research results

Commercial licensing of research results

.
N T
N O
Oooodaom;m=
OOodod

Something else
If “something else’, could you please briefly specify?

3.6. To what degree do the following things make it more difficult to disseminate research re-
sults to firms? (On a scale 1-4, where 1 = Not at all and 4 = Very much)

The passiveness of your research group

The basic research orientation of you field

Challenges in the identification of commercial applications
Communication problems with firms

Ownership issues relating to research results

I
I I
N
.

Insufficient knowledge of business or markets
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Lack or underdevelopment of production technologies

Firms’ lack of interest

HmN
HmN
HmN
HmN

Something else
If “something else’, could you please briefly specify?

3.7. Would you be interested in founding a firm based on your research?
Yes
No
I have already founded a firm

L0

I don’t know

3.8. With firms of what size have you primarily been in contact with through your research?
Firms with less than 50 employees
Firms with more than 50 employees
I do not have contacts with firms
I don’t know

L0

3.9. With firms from which country have you primarily been in contact with?
Finnish firms in Finland
Foreign firms in Finland
Firms abroad
I don’t know

LI

4. Knowledge transfer

Please answer this section only if you primarily at present work in a firm. Otherwise, please go
directly to section 5. In this section we mainly refer to your own personal R&D- activities (i.e.
not to the activities of your firm in general). R&D stands for Research and Development.

4.1. Have you been engaged with universities or research institutes in any of the following ways
during the last five years? (On a scale 1-4, where 1 = Not important at all and 4 = Very much)
Idon't

Conferences or seminars

Supervision of thesis of employees of firms
Joint publications with researchers
Consultation related to R&D

Public R&D-programs

Bilateral R&D projects funded by your firm
Joint R&D- or other facilities

Employment at a university or research institute

OOodododns -
I
I O Y
I
HiNNn N

In some other way
If in ‘some other way’, could you please briefly specify?

4.2. Do you receive information/results from universities or research institutes that are relevant

to the R&D of your firm?
Not at all []
A little []

Quite a lot %

Very much I don’t know ]

HmN
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4.3. How have your possible contacts with universities or research institutes mainly been made?

Through a contact made by yourself []
Through a contact made by your firm []
Through a contact made by universities or research institutes L]
I do not have such contacts |:|

4.4. When in contact with universities or research institutes in your R&D activities, how often
have you achieved the following things? (On a scale 1-4, where 1 = Never and 4 = Very often)

Identification of new product ideas

Patenting of research results

Commercial licensing of research results
Recruitment of new personnel

Development of existing products or processes

Development of completely new products or processes

NN
N O T I
OoOoodo/®
Ooodood®

Something else
If ‘something else’, could you please briefly specify?

4.5. To what degree do the following things make it more difficult to receive research results
from universities or research institutes? (On a scale 1-4, where 1 = Not at all and 4 = Very much)

The passiveness of researchers

The basic research orientation of the research field
Challenges in identifying commercial applications
Communication problems

Ownership issues relating to research results
Researchers’ insufficient knowledge of business

Lack or underdevelopment of production technologies

N
)
N I
N e

Something else
If “something else’, could you please briefly specify?

4.6. What is the nationality of universities with whom you primarily are in contact with as a
part of your R&D activities?

Finnish universities |:|
Foreign universities
I don’t know |:|

4.7. With which types of research institutes are you primarily engaged with as a part of your
R&D activities?

VTT []

Other research institutes in Finland [ _|

Research institutes abroad |:|

I don’t know |:|

NN
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4.8. To what degree does your firm have R&D collaboration with other firms?

Not at all |:|
A little []
Quite a lot |:|
Very much L]

I don’t know |:|
5. Content and origins of research or development activities

5.1. How well do the following atom- or molecular-level approaches describe the content of
your present research or development activities? (On a scale 1-4; 1 = Not at all and 4 = Very well)

1
The measurement scale is often below 100 nanometres []
Characterisation and modelling of new materials, structures or I:‘
appliances
Manipulation and/or control of new phenomena or structures []
Use of new technologies for materials or appliances with new u

O 0Oo0odr
O 0O0Od*®
O0Oodod®

functionalities
Production of new material, structures, components or appli- [
ances

[]
[]
[]

5.2. To what degree does the following definition of nanotechnology describe the content of
your present research or development work?
“Research and development at the atom-, molecular- or macromolecular level of 1-100
nanometres, at which new or existing structures, appliances or systems are used in a con-
trolled setting in order to give them new characteristics and functions due to their small

size”
Not at all |:|
Somewhat []
Quite a lot |:|
Very much []

I don’t know |:|

5.3. What is the content of your primary research or development activities at present (a brief
description)?

5.4. Have you participated in a project that has applied for funding from the FinNano programs
of Tekes or the Academy of Finland?

Yes

No

I don’t know |:|

5.5. When did you, for the first time, initiate research or development activities in your present
primary research field?
Less than 2 years ago
2-4
5-10
11-20
20+ years ago

L]

L0

I don’t know
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5.6. How important have the following drivers been for initiating research in your present pri-
mary research or development field?
(On a scale 1-4, where 1 = Not important at all and 4 = Very important)

Your own research interest

The research interest of your supervisor
Availability of public funding

Possibility to use new research instruments

Visit at a firm/university/research institute abroad
The needs of firms

The potentials for commercialisation

N O
N
N
N
Himnnnnn

Something else
If ‘something else’, could you please briefly specify?

6. The application of research or development activities
6.1. Choose at the most three industries that hold the most potential for applications of your re-
search or development activities?
Electronics
Metals and engineering
Foodstuffs
Textiles- and clothing
Wood and paper
Pharmaceuticals
Other chemicals
Energy
Other manufacturing
Construction
Retail sale and services
Others

OO

6.2. Approximately when can significant international commercial applications be anticipated
for the research or development field you work within?

Applications are already available [ ]

Within 5 years

5-10 years

Over 10 years []
[]

I don’t know

6.3. Approximately when could your own research or development activity lead to first com-
mercial applications?
Applications are already available
Within 5 years
5-10 years
Over 10 years
I don’t know

NN
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6.4. Which is your standpoint regarding the following claims concerning the development of

your research field in Finland? (On a scale 1-4; 1 = Strongly disagree and 4 = Agree very much)

There is a need for new interdisciplinary post-graduate education
programs

Researchers do not have knowledge about the protection of intel-
lectual property

Researchers participate actively in international networks
Public funding is directed to the correct research fields
The lack of standards is a bottleneck for developments

The commercial interest of large firms is declining

The expectations of financiers regarding commercialisation times
are realistic

The university is better at commercialising research results than re-
searchers

I O I A I
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APPENDIX 2. BASIC FREQUENCIES OF WHOLE SURVEY

DATA

1.1. Level of highest degree % Obs.
Vocational 1.34 8

Polytechnic 0.67 4

University 19.90 119

Doctoral 77.59 464

Other 0.50 3

Total 100.00 598

1.2. In which fields have received the highest degree?
1.2. Mathematics and statistics % Obs.
Yes 0.50 3

No 99.50 600

Total 100.00 603
1.2. Data processing % Obs.

Yes 0.17 1

No 99.83 602

Total 100.00 603
1.2. Physics % Obs.

Yes 20.40 123

No 79.60 480

Total 100.00 603
1.2. Chemistry % Obs.

Yes 16.92 102

No 83.08 501

Total 100.00 603
1.2. Biology % Obs.

Yes 10.45 63

No 89.55 540

Total 100.00 603
1.2. Biochemistry % Obs.

Yes 4.98 30

No 95.02 573

Total 100.00 603
1.2. Environmental sciencies % Obs.
Yes 2.16 13

No 97.84 590

Total 100.00 603
1.2. Biosciences % Obs.

Yes 4.64 28

No 95.36 575

Total 100.00 603
1.2. Machinery,process,automation % Obs.
Yes 2.32 14

No 97.68 589

Total 100.00 603
1.2. Energy tech. % Obs.

No 100.00 603
1.2. Electrical tech. % Obs.
Yes 7.96 48

No 92.04 555

Total 100.00 603
1.2. Technical physics % Obs.
Yes 11.28 68

No 88.72 535

Total 100.00 603
1.2. Information tech. % Obs.
Yes 0.17 1

No 99.83 602

Total 100.00 603
1.2. Chemical eng. % Obs.

Yes 7.13 43

No 92.87 560

Total 100.00 603
1.2. Environmental tech. % Obs.
Yes 0.33 2

No 99.67 601

Total 100.00 603
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1.2. Paper tech. % Obs.
Yes 1.49 9
No 98.51 594
Total 100.00 603
1.2. Material tech. % Obs.
Yes 4.64 28
No 95.36 575
Total 100.00 603
1.2. Industrial econ. % Obs.
No 100.00 603
1.2. Medical sciences % Obs.
Yes 9.12 55
No 90.88 548
Total 100.00 603
1.2. Economics % Obs.
Yes 0.83 5
No 99.17 598
Total 100.00 603
1.2. Law % Obs.
Yes 0.17 1
No 99.83 602
Total 100.00 603
1.2. Other % Obs.
Yes 2.99 18
No 97.01 585
Total 100.00 603
. Primarily studied in Finland % Obs.
Yes 93.99 563
No 6.01 36
Total 100.00 599
. Visited any other country for at least half a year during studies
% Obs.
Yes 33.73 199
No 66.27 391
Total 100.00 590

Mean S.D. Min Max Obs.

. Year of highest degree 1993 10.03 1961 2007 598

Mean S.D. Min Max Obs.

. Birth year 1962 10.82 1936 1980 596
. Number of scientific publications % Obs.
None 3.85 23
1-9 20.23 121
10-19 17.73 106
20-49 24 .25 145
50-100 14 .55 87
>100 19.40 116
Total 100.00 598
. Number of patent applications % Obs.
None 45.84 270
1-5 37.18 219
6-10 7.13 42
11-20 5.60 33
>20 4.24 25
Total 100.00 589

. Which of the following organisations have you worked?

.9. Finnish universities or research institutes

% Obs.
Yes 97.75 564
No 2.25 13
Total 100.00 577
.9. Foreign universities or research institutes
% Obs.
Yes 61.19 227
No 38.81 144
Total 100.00 371
1.9. Small firms in Finland % Obs.
Yes 35.64 98
No 64 .36 177

Total 100.00 275
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1.9. Large firms in Finland % Obs.
Yes 43.87 136

No 56.13 174

Total 100.00 310

1.9. Firms abroad % Obs.

Yes 12.79 28

No 87.21 191

Total 100.00 219

1.10. Present employer type % Obs.
University 63.42 378

Research insitute 17.95 107

Firm 14.60 87

Other 4.03 24

Total 100.00 596

2.1. Size of research team % Obs.
1-4 15.32 78

5-10 37.13 189

11-20 30.65 156

21-100 14.54 74

>100 0.79 4

Do not know 1.57 8

Total 100.00 509

2.2. Research group conducts inter-disciplinary research

% Obs.
Yes 78.39 399
No 17.09 87
Do not know 4.52 23
Total 100.00 509
2.3. Importance of the following sources of funding for the research group
during the last five years:
2.3. Own funding % Obs.
Not important 14.17 68
Slighly important 26.46 127
Important 22.08 106
Highly important 29.79 143
Do not know 7.50 36
Total 100.00 480
2.3. Academy of Finland % Obs.
Not important 17.68 84
Slighly important 15.16 72
Important 21.47 102
Highly important 42.11 200
Do not know 3.58 17
Total 100.00 475
2.3. Tekes % Obs.
Not important 21.24 99
Slighly important 12.45 58
Important 17.81 83
Highly important 43.13 201
Do not know 5.36 25
Total 100.00 466
2.3. Foundations in Finland % Obs.
Not important 27.06 125
Slighly important 31.82 147
Important 22.29 103
Highly important 13.42 62
Do not know 5.41 25
Total 100.00 462
2.3. EU % Obs.
Not important 26.54 121
Slighly important 24.78 113
Important 21.49 98
Highly important 21.27 97
Do not know 5.92 27
Total 100.00 456
2.3. Other foreign public sources % Obs.
Not important 56.87 236
Slighly important 18.07 75
Important 6.99 29
Highly important 6.51 27
Do not know 11.57 48
Total 100.00 415
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2.3. Firm funding % Obs.

Not important 30.24 140

Slighly important 22.46 104
Important 17.71 82

Highly important 22.25 103

Do not know 7.34 34

Total 100.00 463

2.4_ Share of firm funding % Obs.
0% 29.67 151

1-25% 43.03 219

26-50% 15.13 77

>50% 3.73 19

Do not know 8.45 43

Total 100.00 509

2.5. Change in share of firm funding % Obs.
Decreased 14.20 71

Unchanged 45.00 225

Increased 23.60 118

Do not know 17.20 86

Total 100.00 500

3.1 Have you been engaged with firms in any of the following ways during the
last five years?

3.1. Conferences or seminars % Obs.
Not at all 14.65 74

Slightly 35.45 179

Quite much 33.27 168

Very much 15.84 80

Do not know 0.79 4

Total 100.00 505

3.1. Lectures tailored for firms % Obs.
Not at all 62.42 309

Slightly 24 .65 122

Quite much 9.49 47

Very much 2.83 14

Do not know 0.61 3

Total 100.00 495

3.1. Supervision of thesis % Obs.
Not at all 65.06 324

Slightly 21.69 108

Quite much 8.43 42

Very much 4.02 20

Do not know 0.80 4

Total 100.00 498

3.1. Joint publications % Obs.
Not at all 51.20 256

Slightly 30.00 150

Quite much 14.80 74

Very much 3.20 16

Do not know 0.80 4

Total 100.00 500

3.1. Consult firms® R&D % Obs.
Not at all 39.31 195

Slightly 32.06 159

Quite much 22.78 113

Very much 5.24 26

Do not know 0.60 3

Total 100.00 496

3.1. Public R&D-progs. with firms % Obs.
Not at all 26.06 129

Slightly 22.02 109

Quite much 21.41 106

Very much 29.49 146

Do not know 1.01 5

Total 100.00 495

3.1. Bilateral R&D funded by firms % Obs.
Not at all 47.08 234

Slightly 21.13 105

Quite much 19.32 96

Very much 11.27 56

Do not know 1.21 6

Total 100.00 497
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3.1. Joint research or other facilities

% Obs.
Not at all 74.13 364
Slightly 18.94 93
Quite much 4.89 24
Very much 1.02 5
Do not know 1.02 5
Total 100.00 491
3.1. Working at firms % Obs.
Not at all 86.09 421
Slightly 7.16 35
Quite much 2.66 13
Very much 3.07 15
Do not know 1.02 5
Total 100.00 489
3.1. In some other way % Obs.
Not at all 71.31 169
Slightly 2.53 6
Quite much 3.38 8
Very much 2.95 7
Do not know 19.83 47
Total 100.00 237
3.2. Transfers research information to Firms
% Obs.
Not at all 24_.12 123
Slightly 34.90 178
Quite much 30.78 157
Very much 9.41 48
Do not know 0.78 4
Total 100.00 510
3.3. Mode of Ffirm contacts made % Obs.
Own contact 26.09 132
Research group 30.24 153
Firm 29.84 151
No firm contacts 13.83 70
Total 100.00 506
3.4. Intermediating organisations have been important for faciliating firm
contacts % Obs.
Yes 15.14 76
No 68.73 345
Do not know 16.14 81
Total 100.00 502

3.5. If you are engaged with firms in your research activities, how often
have you achieved the following things?

3.5. Received funding % Obs.
Never 22.07 98
Sometimes 31.76 141
Quite often 28.83 128
Very often 13.29 59
Do not know 4.05 18
Total 100.00 444
3.5. ldentification of research questions

% Obs.
Never 20.68 91
Sometimes 32.50 143
Quite often 33.86 149
Very often 9.77 43
Do not know 3.18 14
Total 100.00 440

3.5. ldentification of commercial opportunities
% Obs.
Never 32.43 143
Sometimes 34.69 153
Quite often 24.94 110
Very often 4.31 19
Do not know 3.63 16
Total 100.00 441
3.5. Patenting % Obs.
Never 50.91 224
Sometimes 29.09 128
Quite often 13.41 59
Very often 2.95 13
Do not know 3.64 16

Total 100.00 440
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3.5. Commercial licensing % Obs.
Never 70.51 306
Sometimes 19.12 83
Quite often 5.99 26
Do not know 4.38 19
Total 100.00 434
3.5. Something else % Obs.
Never 63.46 99
Sometimes 1.92 3
Quite often 3.21 5
Very often 3.85 6
Do not know 27.56 43
Total 100.00 156
3.6 To what degree do the following things make it more difficult to
disseminate research results to firms?
3.6. Passive researchers % Obs.
Not at all 62.99 308
Slightly 19.63 96
Quite much 6.54 32
Very much 2.25 11
Do not know 8.59 42
Total 100.00 489
3.6. Basic research orientation % Obs.
Not at all 20.00 100
Slightly 28.00 140
Quite much 20.80 104
Very much 26.80 134
Do not know 4.40 22
Total 100.00 500
3.6. Challenges of commercial applications
% Obs.
Not at all 18.31 89
Slightly 31.69 154
Quite much 30.66 149
Very much 10.70 52
Do not know 8.64 42
Total 100.00 486
3.6. Communication problems % Obs.
Not at all 37.58 183
Slightly 38.81 189
Quite much 11.50 56
Very much 3.49 17
Do not know 8.62 42
Total 100.00 487
3.6. Ownership issues % Obs.
Not at all 38.40 187
Slightly 34.70 169
Quite much 12.53 61
Very much 4.31 21
Do not know 10.06 49
Total 100.00 487
3.6. Insufficient knowledge of business
% Obs.
Not at all 19.34 94
Slightly 35.39 172
Quite much 25.72 125
Very much 8.44 41
Do not know 11.11 54
Total 100.00 486
3.6. Lack of production technologies
% Obs
Not at all 26.39 128
Slightly 32.78 159
Quite much 18.56 90
Very much 5.77 28
Do not know 16.49 80
Total 100.00 485
3.6. Firms” lack of interest % Obs.
Not at all 18.97 92
Slightly 29.48 143
Quite much 28.87 140
Very much 13.40 65
Do not know 9.28 45
Total 100.00 485
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3.6. Something else % Obs.
Not at all 54 .25 83
Slightly 0.65 1
Quite much 6.54 10
Very much 4.58 7
Do not know 33.99 52
Total 100.00 153
3.7. Interested in founding a firm based on research
% Obs.
Yes 19.84 101
No 55.21 281
Already founded firm 9.04 46
Do not know 15.91 81
Total 100.00 509
3.8. Size of co-operating firms Y% Obs.
Small firms 30.95 156
Large firms 47.82 241
No contacts 16.07 81
Do not know 5.16 26
Total 100.00 504
3.9. Country of co-operating firms % Obs.
Finnish firms in Finland 76.18 323
Foreign firms in Finland 8.49 36
Firms abroad 12.03 51
Do not know 3.30 14
Total 100.00 424

4.1 Have you been engaged with universities or research
the following ways during the last five years?

4.1. Conferences or seminars % Obs.
Not at all 2.35 2

Slightly 31.76 27

Quite much 40.00 34

Very much 24.71 21

Do not know 1.18 1

Total 100.00 85

4_1. Supervision of thesis % Obs.
Not at all 32.56 28

Slightly 38.37 33

Quite much 17.44 15

Very much 10.47 9

Do not know 1.16 1

Total 100.00 86

4.1. Joint publications % Obs.
Not at all 36.05 31

Slightly 29.07 25

Quite much 13.95 12

Very much 19.77 17

Do not know 1.16 1

Total 100.00 86

4.1. Consult R&D % Obs.

Not at all 15.12 13

Slightly 29.07 25

Quite much 29.07 25

Very much 25.58 22

Do not know 1.16 1

Total 100.00 86

4_.1. Public R&D-programs % Obs.
Not at all 16.09 14

Slightly 26.44 23

Quite much 32.18 28

Very much 24.14 21

Do not know 1.15 1

Total 100.00 87

4_.1. Bilateral R&D projects % Obs.
Not at all 11.49 10

Slightly 21.84 19

Quite much 22.99 20

Very much 42 .53 37

Do not know 1.15 1
Total 100.00 87

institutes in any of
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4_.1. Joint R&D or other facilities % Obs.
Not at all 37.65 32
Slightly 32.94 28
Quite much 15.29 13
Very much 11.76 10
Do not know 2.35 2
Total 100.00 85
4.1. Working at university % Obs.
Not at all 58.82 50
Slightly 20.00 17
Quite much 4.71 4
Very much 15.29 13
Do not know 1.18 1
Total 100.00 85
4.1. In some other way % Obs.
Not at all 52.17 12
Slightly 8.70 2
Quite much 8.70 2
Very much 17.39 4
Do not know 13.04 3
Total 100.00 23
4_2. Receives relevant information from universities or research institutes
% Obs.
Not at all 1.15 1
Slightly 34.48 30
Quite much 41.38 36
Very much 19.54 17
Do not know 3.45 3
Total 100.00 87
4.3. Mode of university contacts made % Obs.
Own contact 41.38 36
Firm 35.63 31
University 22.99 20
Total 100.00 87

4.4 When in contact with universities or research institutes in your R&D
activities, how often have you achieved the following things?

4.4._ ldentification of new product ideas

% Obs.
Never 29.89 26
Sometimes 47.13 41
Quite often 17.24 15
Very often 4.60 4
Do not know 1.15 1
Total 100.00 87
4_4. Patenting % Obs.
Never 43.68 38
Sometimes 35.63 31
Quite often 16.09 14
Very often 2.30 2
Do not know 2.30 2
Total 100.00 87
4.4_. Commercial licensing % Obs.
Never 71.26 62
Sometimes 14.94 13
Quite often 10.34 9
Very often 1.15 1
Do not know 2.30 2
Total 100.00 87
4._.4. Recruitment % Obs.
Never 14.94 13
Sometimes 47.13 41
Quite often 25.29 22
Very often 10.34 9
Do not know 2.30 2
Total 100.00 87

4.4_ Development of existing products
% Obs.
Never 20.69 18
Sometimes 39.08 34
Quite often 29.89 26
Very often 9.20 8
Do not know 1.15 1

Total 100.00 87



4_4_ Development of new products

Never
Sometimes
Quite often
Very often
Do not know
Total

4_4. Something else

Never
Sometimes
Quite often
Very often
Do not know
Total

59

%
25.
39.
31.

3.
1.
100.

%
64.
7.
14.
7.

7.
100.

Obs.
29 22
08 34
03 27
45 3
15 1
00 87

Obs.
29 9
14 1
29 2
14 1
14 1
00 14

4.5 To what degree do the following things

make it more difficult to receive

research results from universities or research institutes?
4.5. Passive researchers % Obs.
Not at all 22.09 19
Slightly 38.37 33
Quite much 19.77 17
Very much 4.65 4
Do not know 15.12 13
Total 100.00 86
4.5. Basic research orientation % Obs.
Not at all 16.28 14
Slightly 33.72 29
Quite much 34.88 30
Very much 8.14 7
Do not know 6.98 6
Total 100.00 86
4.5. Challenges of commercial applications
% Obs.
Not at all 11.63 10
Slightly 22.09 19
Quite much 38.37 33
Very much 18.60 16
Do not know 9.30 8
Total 100.00 86
4_.5. Communication problems % Obs
Not at all 30.23 26
Slightly 38.37 33
Quite much 22.09 19
Very much 3.49 3
Do not know 5.81 5
Total 100.00 86
4_.5. Ownership issues % Obs.
Not at all 25.58 22
Slightly 32.56 28
Quite much 20.93 18
Very much 13.95 12
Do not know 6.98 6
Total 100.00 86
4_.5. Researchers” insuff. buss. skills % Obs.
Not at all 13.95 12
Slightly 31.40 27
Quite much 33.72 29
Very much 12.79 11
Do not know 8.14 7
Total 100.00 86
4_.5. Lack production technologies % Obs.
Not at all 12.79 11
Slightly 31.40 27
Quite much 37.21 32
Very much 8.14 7
Do not know 10.47 9
Total 100.00 86
4_.5. Something else % Obs.
Not at all 57.14 12
Quite much 14.29 3
Very much 14.29 3
Do not know 14.29 3
Total 100.00 21
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4.6. Nationality of co-operating universities

% Obs.
Finnish universities 82.76 72
Foreign universities 16.09 14
Do not know 1.15 1
Total 100.00 87
4.7. Types of co-operating research institutes
% Obs.
VTT 45.98 40
Other domestic research institut 31.03 27
Research institutes abroad 17.24 15
Do not know 5.75 5
Total 100.00 87

4.8. Degree of collaboration with other firms

% Obs.

Not at all 4.60 4
Slightly 33.33 29
Quite much 42 .53 37
Very much 18.39 16
Do not know 1.15 1
Total 100.00 87

5.1. How well do the following atom- or molecular-level approaches describe
the content of your present research or development activities?

5.1. Measurement scale < 100 nm % Obs.
Not at all 20.82 122
Slightly 15.36 90
Quite much 18.77 110
Very much 42.66 250
Do not know 2.39 14
Total 100.00 586
5.1. Modelling of new materials, etc. % Obs.
Not at all 23.25 136
Slightly 14.36 84
Quite much 17.78 104
Very much 42.56 249
Do not know 2.05 12
Total 100.00 585
5.1. Manipulation of new structures % Obs.
Not at all 16.30 96
Slightly 19.19 113
Quite much 29.37 173
Very much 32.26 190
Do not know 2.89 17
Total 100.00 589
5.1. Use of new techs for materials with new funcs.
% Obs.
Not at all 22.87 134
Slightly 24 .57 144
Quite much 26.11 153
Very much 24 .06 141
Do not know 2.39 14
Total 100.00 586
5.1. Production of new materials, etc. % Obs.
Not at all 35.84 210
Slightly 17.58 103
Quite much 13.99 82
Very much 30.72 180
Do not know 1.88 11
Total 100.00 586
5.2. Nano definition describes the content of respondent’s work
% Obs.
Not at all 23.53 140
Slightly 22.69 135
Quite much 23.19 138
Very much 28.40 169
Do not know 2.18 13
Total 100.00 595

5.4. Applied funding from Academy of Finland or FinNano

% Obs.

Yes 47 .39 282

No 46.72 278

Do not know 5.88 35

Total 100.00 595
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5.5. Initiation of current research % Obs.
<2 years 6.57 39

2-4 years 19.87 118

5-10 years 34.01 202

11-20 years 24.58 146

>20 years 13.13 78

Do not know 1.85 11

Total 100.00 594

5.6. How important have the following drivers been for initiating research
in your present primary research or development field

5.6. Own research int. % Obs.
Not important 2.03 12
Slighly important 5.41 32
Important 19.46 115

Highly important 71.91 425

Do not know 1.18 7

Total 100.00 591

5.6. Research int. of supervisor % Obs.
Not important 23.59 138
Slighly important 20.17 118
Important 32.14 188

Highly important 20.85 122

Do not know 3.25 19

Total 100.00 585

5.6. Public funding % Obs.
Not important 13.44 79
Slighly important 29.93 176
Important 36.05 212

Highly important 18.37 108

Do not know 2.21 13

Total 100.00 588

5.6. New research instruments % Obs.
Not important 21.05 124
Slighly important 30.39 179
Important 31.24 184

Highly important 15.62 92

Do not know 1.70 10

Total 100.00 589

5.6. Going abroad % Obs.
Not important 30.49 179
Slighly important 31.69 186
Important 25.72 151

Highly important 10.22 60

Do not know 1.87 11

Total 100.00 587

5.6. Needs of firms % Obs.
Not important 31.18 183
Slighly important 25.04 147
Important 23.17 136

Highly important 18.57 109

Do not know 2.04 12

Total 100.00 587

5.6. Commercialisation potential % Obs.
Not important 32.20 189
Slighly important 24.87 146
Important 24.19 142

Highly important 16.35 96

Do not know 2.39 14

Total 100.00 587

5.6. Something else % Obs.
Not important 46.71 78
Important 5.39 9

Highly important 14 .37 24

Do not know 33.53 56

Total 100.00 167

6.1. Choose at the most three industries that hold the most potential for
applications of your research or development activities

6.1. Electronics % Obs.

No 49.42 298

Yes 50.58 305

Total 100.00 603

6.1. Metals and engineering % Obs.
No 78.28 472

Yes 21.72 131

Total 100.00 603
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6.1. Foodstuffs % Obs.
No 80.10 483
Yes 19.90 120
Total 100.00 603
6.1. Textiles and clothing % Obs.
No 95.85 578
Yes 4.15 25
Total 100.00 603
6.1. Wood and paper % Obs.
No 79.77 481
Yes 20.23 122
Total 100.00 603
6.1. Pharmaceuticals % Obs.
No 56.55 341
Yes 43.45 262
Total 100.00 603
6.1. Other chemicals % Obs.
No 71.48 431
Yes 28.52 172
Total 100.00 603
6.1. Energy % Obs.
No 83.25 502
Yes 16.75 101
Total 100.00 603
6.1. Other manufacturing % Obs.
No 93.20 562
Yes 6.80 41
Total 100.00 603
6.1. Construction % Obs.
No 96.68 583
Yes 3.32 20
Total 100.00 603
6.1. Retail sale and services % Obs.
No 95.36 575
Yes 4.64 28
Total 100.00 603
6.2. Timing of international market penetration
% Obs
Already 39.20 234
<5 years 20.94 125
5-10 years 15.58 93
>10 years 4.19 25
Do not know 20.10 120
Total 100.00 597

6.3. Timing of first commercial applications

% Obs.

Already 25.34 151

<5 years 24.16 144
5-10 years 17.11 102
>10 years 6.21 37
Do not know 27.18 162
Total 100.00 596

6.4. Which is your standpoint regarding the following claims concerning the
development of your research field in Finland

6.4. There is a need for new interdisc. post-graduate education programs

% Obs.
Highly disagree 4._89 29
Slightly disagree 21.25 126
Slightly agree 35.92 213
Highly agree 34.91 207
Do not know 3.04 18
Total 100.00 593

6.4. Researchers do not have knowledge about the IPR issues
% Obs.
Highly disagree 10.47 62
Slightly disagree 33.45 198
Slightly agree 36.49 216
Highly agree 11.49 68
Do not know 8.11 48

Total 100.00 592



63

. Researchers participate actively in international networks

% Obs.
Highly disagree 1.52 9
Slightly disagree 18.69 111
Slightly agree 43.10 256
Highly agree 35.19 209
Do not know 1.52 9
Total 100.00 594
. Public funding is directed to the correct research fields
% Obs.
Highly disagree 9.56 57
Slightly disagree 39.60 236
Slightly agree 34.56 206
Highly agree 8.89 53
Do not know 7.38 44
Total 100.00 596
. The lack of standards is a bottleneck for developments
% Obs.
Highly disagree 43.07 255
Slightly disagree 31.25 185
Slightly agree 9.12 54
Highly agree 0.84 5
Do not know 15.71 93
Total 100.00 592
. The commercial interest of large firms is declining
% Obs.
Highly disagree 18.07 107
Slightly disagree 32.94 195
Slightly agree 18.92 112
Highly agree 6.08 36
Do not know 23.99 142
Total 100.00 592
. The expectations of financiers regard. comm. times are realistic
% Obs.
Highly disagree 18.10 107
Slightly disagree 39.76 235
Slightly agree 16.75 99
Highly agree 2.20 13
Do not know 23.18 137
Total 100.00 591
. The university is better at commerc. research than researchers
% Obs.
Highly disagree 24.07 142
Slightly disagree 27.63 163
Slightly agree 13.90 82
Highly agree 3.73 22
Do not know 30.68 181

Total 100.00 590
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APPENDIX 3. GEOGRAPHICAL DISTRIBUTION OF ALL RE-
SPONDENTS.

Municipality N %
Espoo 145 24,6
Helsinki 136 23,1
Turku 84 14,2
Tampere 55 9,3
Abroad 34 5,8
Oulu 29 49
Jyvéaskyla 27 4,6
Kuopio 18 3,1
Vantaa 12 2,0
Joensuu 11 1,9
Kirkkonummi 5 0,8
Lappeenranta 5 0,8
Lahti 4 0,7
Lammi 4 0,7
Pori 3 0,5
Salo 3 0,5
Kokkola 2 0,3
Pietarsaari 2 0,3
Other 11 1,9

Total 590 100
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