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ABSTRACT
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tifies whether a researcher’s boundary-spanning position in research collaboration networks is connected with these outcomes.
The results suggest that university-industry interaction leads to both tangible and intangible outcomes and that boundary-
spanning plays a role in achieving them.

The second article highlights the importance of understanding the unique characteristics of the transferred technology. It com-
pares the specificities of nanotechnology to other science-based technologies such as biotechnology. The empirical results indi-
cate that nanotechnology differs from other science-based technologies in only a few dimensions of technology transfer related
to the basic research orientation of nanotechnology.

The third article emphasises the role of smaller technology-dedicated companies in the diffusion process. The paper highlights
the importance of understanding the economic value of the patent portfolio of biotechnology-dedicated companies with re-
spect to the companies’ future growth expectations. The results indicate that there exists a positive connection between growth
expectations and the value of patent portfolios; this value could be signalled to external financiers.

The fourth article identifies links between smaller technology-dedicated companies and larger established companies. The latter
may act as industrialists when introducing new science-based products and processes to the market. The results of this paper
identify several potential diffusion channels for nanotechnology in both traditional and high-tech industries.

The articles provide implications for research, policy and practice. The key implications relate to the role of interdisciplinarity as
an important ingredient in producing more industry related knowledge, the technology specificity of the technology transfer
process and the different roles smaller and larger companies have in technology diffusion.
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2 Introduction



1 BACKGROUND

New technologies go through several different stages of diffusion before they are
widely applied and used (Abernathy and Clark, 1985; Dosi and Nelson, 2009).
This process typically involves several actors, namely, public sector research,
companies and government bodies, all of which play distinct roles in the differ-
ent stages of diffusion (Bozeman, 2000; Siegel, 2007). Some of the most critical
stages of diffusion, particularly in relation to science-based technologies, are
the initial stages wherein the underlying knowledge and the technologies built
on it are created and then transferred from the research-orientated academic
realm to the commercially-orientated corporate realm (Gibbons et al., 1994).

Technology diffusion and particularly technology transfer from academia
to industry have been topics of interest in recent decades as the role of public
research activities conducted in universities and public research institutes has
come to be perceived as increasingly important in creating new processes and
products (Gibbons et al., 1994; Mowery and Sampat, 2004). In particular, the
extant literature has focused on highlighting the incentives for companies, uni-
versities, university departments, and university technology transfer offices to
engage in technology transfer-related activities (for reviews, see Bozeman, 2000;
Rothaermel et al., 2007; Siegel, 2007). To provide a complementary and a more
micro-level perspective, the incentives for individual university researchers to
be involved in technology transfer have become a topic of increasing interest
among scholars in recent years (Agrawal and Henderson, 2000; Louis et al., 2001;
Brennenraedts et al., 2006; Balconi and Laboranti, 2006; D’Este and Patel, 2007;
D’Este and Perkmann, 2007; Palmberg, 2008; Perkmann and Walsh, 2009; Board-
man and Ponomariov, 2009; Perkmann, 2009). Despite the extent of research on
technology transfer, there is considerable room for more research on the role of
knowledge creation and the technological specificities of technology transfer.

As technologies and the underlying knowledge spillover from academia to
industry, different types of companies have various roles in facilitating the diffu-
sion process. On the one hand, smaller technology-dedicated companies are more
capable of mastering radical, discontinuous technologies but face uncertainties
related to, among other things, funding (Tushman and Anderson, 1986; Meyer,
2005; Teece, 2006; Rothaermel and Thursby, 2007). On the other hand, larger
established companies are more adept at utilising their existing knowledge in
mastering more incremental technologies, but they may play a critical role in the
diffusion of radical technologies. Larger companies may have complementary
assets, such as manufacturing and marketing expertise, that smaller companies
often lack, providing larger companies with competitive advantage over the
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smaller entrants (Teece, 1986 and 2006; Mitchell, 1989 and 1991; Hill and Roth-
aermel, 2003; Rothaermel and Hill, 2005; Rothaermel and Boeker, 2008). While
the prior research has extensively examined the different roles of companies in
the diffusion process, the literature on modern science-based technologies and
particularly on nanotechnology is scant, leaving room for contributions.

To understand the early and critical stages of technology diffusion in greater
detail, this PhD dissertation addresses factors related to individual-level involve-
ment in technology transfer and discusses the different roles and challenges of
companies in the subsequent stages of the diffusion process. The perspectives
at both the individual researcher’s level and the company level are highlighted
to identify exogenous and endogenous elements that may facilitate or hinder
the diffusion process.

The aim of this dissertation is to shed light on specific parts of the diffu-
sion process, particularly emphasising: i) the individual-level factors related
to achieving various outcomes from university-industry interaction (Appen-
dix 1); ii) the importance of understanding the unique characteristics of the
transferred technologies (Appendix 2); iii) the connection between the future
growth expectations of smaller technology-dedicated companies and their
technology portfolios (Appendix 3); and iv) the potential diffusion channels that
exist between smaller technology-dedicated companies and larger industrialist
companies (Appendix 4).

The context for the empirical analysis in the dissertation is the Finnish
nano- and biotechnology communities consisting of academic researchers,
smaller technology-orientated companies and larger established companies.
These two modern science-based technologies build mostly on discoveries
originally made in academically oriented basic research. To provide more insight
into the context of this dissertation, it is worthwhile to provide a brief descrip-
tion of these technologies.

Biotechnology relates to technological applications that use biological
systems, living organisms, or derivatives thereof to make or modify products or
processes for specific use. Biotechnology emerged as its own distinct field in the
1970s and has now become a very relevant source of new products and processes,
particularly in the pharmaceutical industry, which was one of the first adaptor
industries. The expectations regarding biotechnology have diminished somewhat
in recent years; it has been claimed that major breakthroughs are mainly related
to the development of new pharmaceuticals (Hopkins et al., 2007). However,
there is some evidence that the uses of biotechnology are broadening into other
application areas (NSF, 2008).
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Nanotechnology emerged in the 1980s and, as compared to biotechnology,
is in an early and more uncertain phase of its technological evolution. The field
of nanotechnology centres on the control of matter on an atomic and molecular
scale (structures of 100 nanometres or smaller in size); nanotechnology involves
developing materials or devices on that scale. This is a multidisciplinary field
encompassing both organic and inorganic research areas, and by definition, it
covers a wider set of sciences and technologies than biotechnology. The potential
impact of this field is still unclear, but it is estimated that the future market for
nanotechnology-based products and processes will be very significant due to
its diverse application areas in a variety of industries (Huang et al., 2004; Bhat,
2005; Hullman, 2006; Bozeman et al., 2007; Nikulainen, 2010; Miyazaki and
Islam, 2007; Youtie et al., 2008).

The definitions of nanotechnology and biotechnology are overlapping
in many cases (Rafols and Meyer, 2007; Grodal and Thoma, 2009). There is
crosspollination between the two because biotechnology, by definition, focuses
more on organic matter, potentially on the scale related to nanotechnology. Na-
notechnology includes both organic and inorganic matter and is thus a broader
research area. For example, the Finnish nano-community includes a notable
share of researchers involved in biotechnology-related research (Palmberg et
al,, 2007; Nikulainen and Palmberg, 2010).

The empirical findings of this dissertation provide evidence that i) the
outcomes of university-industry interaction are often too narrowly defined (Ap-
pendix 1), ii) boundary-spanning in research collaboration networks is related
to achieving these outcomes (Appendix 1), iii) science-based technologies differ
from one another in various dimensions of technology transfer (Appendix 2),
iv) the expected growth of science-based companies relates to the economic
value of their patent portfolio (Appendix 3), and v) there are several potential
diffusion paths for science-based technologies to both traditional and high-tech
industries (Appendix 4).

The remainder of this introduction is structured as follows. Section 2
discusses the research questions put forth in each of the dissertation papers.
Section 3 introduces the key results of the individual papers and positions the
papers in relation to the extant research by indicating their contributions to the
existing body of knowledge. Section 4 addresses the implications for research,
public policy and practice. Section 5 discusses the limitations of this dissertation.
Finally, in Section 6, conclusions are drawn, and outlines for future research are
presented.
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2 RESEARCH QUESTIONS

The objective in all four papers is to introduce new perspectives into the existing
body of literature on the diffusion of science-based technologies. For this pur-
pose, in the following subsections, the research questions for each of the papers
are presented and discussed. All of the papers draw on related but somewhat
different streams of literature, and thus, it is worthwhile to provide some brief
theoretical and empirical background material for each of the topics.

The first two papers focus on the university researcher perspective and the
latter two papers on the company perspective. All of them provide empirical
findings. The first three papers provide statistical evidence, and the last paper
(Appendix 4) makes a contribution to the literature by exploring potential dif-
fusion paths through descriptive analysis.

Research question 1: What is the connection between the outcomes of uni-
versity-industry interaction and the research collaboration networks from the
perspective of an individual researcher?

The first research question is motivated by the lack of empirical evidence of the
intangible outcomes of university-industry interaction and specifically of the role
of research collaboration networks in achieving different types of outcomes. In
particular, the latter aspect has been largely ignored in the existing literature.
This is interesting because in other streams of literature, collaboration and the
ability to bridge different parts of networks have been associated with higher-
level performance and greater creativity (Burt, 1992; 1997; 2004; Seidel et al.
2000; Mehra et al. 2001; Cross and Cummings, 2004).

The contribution of this paper is twofold. First, it broadens the discussion
of the outcomes of university-industry interaction to include intangible outcomes
that have been often left outside the scope of the extant literature. The existing
research on individual researcher perspectives has focused on understanding
academic patenting, invention disclosures to university technology transfer
offices, licensing revenues, and academic entrepreneurship (for reviews, see
Bozeman, 2000; Rothaermel et al., 2007; Siegel, 2007) and has largely neglected
the actual outcomes achieved using technology transfer (notable exceptions
include Schartinger 2001; Palmberg 2008). In fact, the most commonly used
indicators for tangible outcomes are often independent of the actions of com-
panies. Hence, their ability to measure the actual technology transfer-related
activities is somewhat limited. In this first dissertation paper, unique survey
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data are used to analyse the different types of outcomes in greater detail while
taking into account the factors that have been associated with individual-level
activities related to technology transfer.

The second contribution of this paper relates to the literature on social
networks, which argues and empirically proves that the ability to combine dif-
ferent parts of a network (for example, in inter-organisational communication
networks) is connected to higher performance and creativity on the individual
level (Rosenkopfand Nerkar, 2001; Burt, 2004; Cross and Cummings, 2004). The
motivation for combining these two different streams of literature stems from
the argument that combining different scientific disciplines and research areas
produces more industry-relevant knowledge (Gibbons et al. 1994; Foray and Gib-
bons, 1996; Mowery and Sampat 2005). In this paper, these arguments are taken
into account when discussing the outcomes of university-industry interaction.

Research question 2: Do the specificities of transferred technology matter in
technology transfer?

The second paper of this dissertation focuses on the specificities emerging
from the nature of the transferred technology. The technology transfer process
can be divided into several different elements (Bozeman, 2000) that all affect
the outcomes of the process. In this paper, the focus is on the specificities of
nanotechnology emerging from its potentially radical and disruptive nature
(Darby and Zucker, 2003; Ratner and Ratner, 2003; Palmberg and Nikulainen,
2006; Bonaccorsi and Thoma, 2007; Meyer, 2007; Loveridge et al., 2008). Look-
ing at the different elements of technology transfer, this paper identifies unique
characteristics that nanotechnology brings forth, particularly as compared to
other science-based technologies such as biotechnology. This question is mo-
tivated by the discussion of the radical nature of nanotechnology and whether
this radical nature is related to unique characteristics that should be taken into
account, particularly in public policy efforts promoting technology transfer from
universities to industry.

Research question 3: Is the economic value of the technological portfolio of a
technology-dedicated company related to its growth expectations?

In the process of technology diffusion and technology transfer, the role of smaller
technology-dedicated companies is crucial, particularly where new radical in-
novations are concerned (Tushman and Anderson 1986; Teece, 2006). These
technology-dedicated companies often possess competences used to further
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develop the underlying academic knowledge—for example, the knowledge
required for prototypes. From the perspective of attracting external financing,
which is a significant factor in facilitating the growth of a technology-dedicated
company, one of the key questions relates to the economic value of technologies
and the connection between the economic value and the growth expectations of
the company. To assess the economic value of a company’s technologies, the third
paper of this dissertation links the discussion of company growth expectations to
the literature on the economic value of patents and patent portfolios (Griliches,
1990; Trajtenberg, 1990; Trajtenberg et al., 1997; Albert et al., 1991; Harhoft et
al,, 1999 and 2003; Reitzig, 2004; Hall et al., 2005; Nikulainen et al., 2005; Giuri
and Mariani, 2005; Gambardella et al., 2006). The goal of this paper is to explore
the connection between the growth expectations of a company and the economic
value of its technological portfolio. If such a connection exists, the company can
signal through its patenting activity that it is building its growth expectations
based on the technological knowledge within the company (Myers and Majluf,
1984). This signalling may be crucial for attracting external financing and thus
providing opportunities for growth and further facilitating technology diffusion.

Research question 4: Can potential diffusion channels be identified for new
emerging technologies?

The fourth paper of this dissertation addresses the potential diffusion channels
for science-based technologies. This exploratory study focuses on nanotechnol-
ogy and identifies technological linkages between smaller technology-dedicated
companies and larger established companies. This research question is mo-
tivated by the different roles that these companies have been associated with
in the extant literature related to the diffusion process (Teece, 1986 and 2006;
Mitchell, 1989 and 1991; Hill and Rothaermel, 2003; Rothaermel and Hill,
2005; Rothaermel and Boeker, 2008). Smaller technology-dedicated companies
are potentially more equipped to develop radical and disruptive technologies
because they possess the skills and knowledge related to these new technologies
(Tushman and Anderson, 1986). Larger established companies are typically
more attuned to adopting incremental innovations that build on existing skills
and competences (Teece, 1986 and 2006). Both types of technologies, radical
and incremental, can emerge from university-based research, and both can po-
tentially be transferred to industry. Thus, understanding the different roles that
different types of companies play in the diffusion of science-based technologies
is an important aspect to be discussed, particularly with respect to the potential
impact of science-based technologies. The broader impact of these science-based
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technologies can emerge through the larger established companies, which can
act as industrialists for the smaller companies; the larger companies possess
complementary assets, such as manufacturing competences and distribution
channels, that the smaller companies often lack (Carlsson and Eliasson, 2003;
Luukkonen and Palmberg, 2007). To understand the different roles of companies
and the potential scale of the impact that science-based technologies may have
in the future, it is worthwhile to examine the technological links between these
actors to identify diffusion channels for new, potentially radical, science-based
technologies such as nanotechnology.

The aim of this dissertation is not to address the entire technology diftu-
sion and technology transfer process from every conceivable angle but rather
to provide empirical insights regarding specific aspects that have been given
less attention in the extant literature. In Figure 1, a simplified illustration of the
diffusion of science-based technologies is provided; this illustration also posi-
tions the papers in this dissertation in relation to the broader phenomenon of
technology diffusion.

Figure 1 The diffusion of science-based technologies and the positioning of
the dissertation papers
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3 KEY RESULTS AND CONTRIBUTIONS

The contributions of this dissertation to the extant research are related to the
literature on the diffusion of science-based technologies. Table 1 presents a
categorisation of the extant literature (the main references) with respect to the
different aspects of technology diffusion. Each category is linked to the corre-
sponding research question in the dissertation papers. The results of the papers
are discussed in greater detail after the categorisation.

Table 1
diffusion

The existing body of knowledge in related aspects of technology

Element of technology diffusion

Existing research

Contribution of dissertation

Outcomes of technology transfer

Outcomes and interactions

Patenting, licensing, TTO disclosures, and
academic entrepreneurship

(Bozeman, 2000; Siegel, 2007; Rothaermel et
al., 2007)

Interactions

(D’Este and Patel, 2007; Palmberg, 2008)
Intangible outcomes

(Schartinger, 2001, Palmberg, 2008)

Paper 1. Inclusion of intangible
outcomes as outcomes of
university-industry interaction

Social networks

Structural holes

(Burt, 1992)

Boundary-spanning and performance
(Burt, 2004; Cross and Cummings, 2004)

Paper 1. Inclusion of boundary-
spanning in research collaboration
networks as a factor related to
outcomes of university-industry
interaction

Specificities of the transferred
technology

Nature of technology

Different dimensions of technology transfer
(Bozeman, 2000)

Characteristics of nanotechnology

(Meyer, 2007)

Paper 2. The specificities of
transferred technologies should be
considered when discussing
technology transfer

Growth potential and patents

Evaluation of patent portfolios

Patent statistics

(Griliches, 1990)

Economic value of patents

(Harhoff et al., 2003; Gambardella et al., 2006)

Paper 3. Establishing a connection
between growth expectations and
technological portfolios in smaller
technology-dedicated companies

Diffusion channels

Companies and complementary assets

Discontinuous technologies
(Tushman and Anderson, 1986)
Complementary assets

(Teece, 1986 and 2006)

Absorptive capacity

(Cohen and Levinthal, 1989 and 1990)

Paper 4. Introduces a methodology
for identifying technological
linkages between smaller
technology-dedicated companies
and larger established companies
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3.1 OUTCOMES OF TECHNOLOGY TRANSFER

The first of the studies (Appendix 1) contributes to the literature on technology
transfer by discussing the role of intangible and tangible outcomes of university-
industry interaction and by including boundary-spanning in research collabora-
tion networks as a factor related to the outcomes. The latter aspect in particular
has so far been absent from the extant literature.

The existing research on technology transfer from an individual-level
perspective has focused mostly on tangible outcome indicators. Outcomes such
as academic entrepreneurship, university-based patenting, licensing, and inven-
tion disclosures to university technology transfer offices have received the most
attention (for reviews, see Bozeman, 2000; Rothaermel et al., 2007; Siegel, 2007).
In addition, several individual-level factors have been linked to achieving these
outcomes, such as educational background and industry experience (Agrawal
and Henderson, 2002; Louis et al., 2001; Brennenraedts et al., 2006; Balconi and
Laboranti, 2006; D’Este and Patel, 2007; D’Este and Perkmann, 2007; Palmberg,
2008; Perkmann and Walsh, 2009; Boardman and Ponomariov, 2009; Perkmann,
2009). Interestingly, some of these indicators (patenting and invention disclo-
sures) can be seen as outcomes that potentially require only limited involvement
from industry. They could be seen as ‘technology push’ from universities towards
industry rather than as a result of university-industry interaction. It could be
argued that this is a significant limitation when one is discussing the outcomes
of university-industry interaction. For this reason, all types of outcomes, both
tangible and intangible, should be included in the discussion. In the first paper
(Appendix 1), this aspect is addressed by analysing the factors related to the fol-
lowing outcomes: identification of new research ideas, recognising commercial
opportunities, receiving industry funding, and patenting.

The second contribution of the first paper (Appendix 1) relates to the role
of research collaboration networks and, in particular, the connection between
a boundary-spanning position within a network and the different types of out-
comes of university-industry interaction. Individuals with a boundary-spanning
position in a network are able to link different parts of the network together.
This type of position is connected to higher performance and creativity on the
individual level (Burt, 1992 and 2004; Seidel et al. 2000; Mehra et al. 2001; Cross
and Cummings, 2004). The reason for this higher-level performance is the ability
to control and take advantage of knowledge flows that relate to an individual
researcher’s central position in a network. Therefore, it is worthwhile to iden-
tify whether a central - or, more accurately, boundary-spanning - position in
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research collaboration networks is related to higher performance in technology
transfer manifesting as higher levels of achieved outcomes in university-industry
interaction. The inclusion of the boundary-spanning aspect combines the lit-
erature on social networks with the discussion of the increasing significance of
“Mode 2”-type interdisciplinary academic research in creating industry-relevant
knowledge as suggested in the literature (Gibbons et al., 1994; Foray and Gib-
bons, 1996; Mowery and Sampat, 2004).

The empirical analysis is based on three datasets. The data on technology
transfer from an individual perspective come from a survey directed at Finnish
university researchers active in the field of nanotechnology. This survey focused
particularly on the motivations, modes of interaction and outcomes related to
technology transfer and collected information on educational and professional
backgrounds. The research collaboration networks were created based on pat-
ent and publication data, where co-inventorship and co-authorship were used
to connect individual academic researchers.

The empirical results indicate that the intangible outcomes (identifica-
tion of new research questions and commercial opportunities) are as common
as the tangible outcomes (receiving funding and patenting). Interestingly, the
individual factors related to the different outcomes were quite similar, with only
some variation between the outcomes. Particularly interesting are the results
regarding the boundary-spanning position in the publication network; this
position was positively connected to all but one of the outcomes, suggesting that
the ability to connect different parts of the basic research-orientated publica-
tion network does relate to higher levels of outcomes. A boundary-spanning
position in an applied-orientated patent network proved to be an insignificant
factor for all outcomes except for receiving industry funding. These findings
provide a novel contribution to the extant research. While earlier research has
linked a boundary-spanning role in social networks to various performance
indicators (for example, Cross and Cummings, 2004), the connection between
boundary-spanning in research collaboration networks and technology transfer
has received limited attention.

While the role of boundary-spanning in research collaboration in achiev-
ing both intangible and tangible outcomes is the main contribution of the paper,
there are some relevant findings related to other outcome-associated factors that
provide an additional contribution to the extant literature. The results indicate
that the most significant factors related to the outcomes were educational and
professional background, academic productivity (number of publications), basic
research-related challenges and problems related to ownership issues, and, in
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particular, commercial motivations on the part of academic researchers. These
results also provide a novel contribution to the literature by extending the dis-
cussion to include identifying factors related to a broader set of outcomes than
has been addressed in prior research.

3.2 SPECIFICITIES OF THE TRANSFERRED TECHNOLOGY

The second paper of this dissertation (Appendix 2) contributes to the extant
literature by focusing on the specificities of technology transfer emerging from
the nature of the technology in question. Technology transfer has been addressed
in prior research mostly without taking the technological context into account.
While research has focused on different types of knowledge (tacit and explicit)
and technologies (product and process), it has rarely analysed technology transfer
in a specific technological context to identify specificities related to the technol-
ogy in question. To answer the research question of whether the specificities of
transferred technology matter in technology transfer, the second paper high-
lights the specificities of nanotechnology as compared to other science-based
technologies such as biotechnology.

Nanotechnology has become a topic of increasing interest among so-
cial science scholars (Darby and Zucker, 2003; Heinze, 2004; Palmberg and
Nikulainen, 2006; Meyer, 2007; Lipsey et al., 2005; Youtie et al., 2008), most of
whom contribute to the conversation through conceptual discussions or a focus
on identifying publication and patenting trends (Heinze, 2004; Palmberg and
Nikulainen, 2006; OECD, 2009). In addition, some efforts have been made to
identify application areas for this new science-based technology (Hullmann,
2006). What has not been addressed is, for example, whether nanotechnology
introduces unique challenges or modes of interaction related to technology
transfer. This is an important issue because most of the research and develop-
ment related to nanotechnology is currently conducted in academia (Miyazaki
and Islam, 2007). To facilitate the diffusion of academic findings, it is necessary
to understand the unique characteristics of nanotechnology.

The second paper of this dissertation (Appendix 2) uses survey data col-
lected from the Finnish nanotechnology-related community focusing on uni-
versity researchers (also used in Appendix 1). These data focus on the individual
aspects of technology transfer, such as motivations and challenges in technology
transfer. In this empirical analysis, these different factors of technology transfer
are connected to the intensity with which the individual researchers are engaged
in nanotechnology-related research.
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The results of the analysis indicate that the transfer of nanotechnology
differs from the transfer of other science-based technologies only in a few dimen-
sions. Based on the statistical evidence, it seems that researchers more involved
in nanotechnology-related research are more motivated by the availability of
new research instrumentation and commercial opportunities than are research-
ers working in other research areas. Nanotechnology-orientated researchers
are also more likely to interact with companies through joint publications and
joint facilities. In addition, nanotechnology-orientated researchers’ view is that
they are less passive in technology transfer than are researchers in other areas.
Nanotechnology-orientated researchers also view their basic research orienta-
tion as a more significant challenge than do researchers in other research areas.
Finally, the results confirm that nanotechnology is more related to physics and
chemistry than to the bio/medical sciences, as suggested in the extant literature
(Schummer, 2004; Meyer, 2007). Together, these findings illustrate that the
context of technology transfer and the actual object being transferred do make
a difference.

3.3 GROWTH POTENTIAL AND PATENTS

Smaller technology-dedicated companies often play an important role in the
diffusion of science-based technologies. Based on their technological expertise,
these companies develop scientific discoveries that will lead towards the devel-
opment of viable products and processes through testing and prototyping. The
outcomes of these activities can be commercialised by the company itself or sold/
licensed to larger companies with potentially more refined commercialisation
competences (Teece, 1986 and 2006; Carlsson and Eliasson, 2003). Thus, the
role of smaller technology-dedicated companies is evidently crucial, but they
face a significant challenge in securing financing for the development activities
prior to the commercialisation activities. For this reason, the research question
in the third paper of this dissertation (Appendix 3) focuses on the relation-
ship between the economic value of the technological portfolio of a smaller
technology-dedicated company and the company’s growth expectations. If the
economic value of the technological portfolio of a smaller technology-dedicated
company is related to the company’s potential future growth, it may prove to be
a significant signalling mechanism for external financiers.

The extant literature on the economic value of the technological portfo-
lios of companies has focused on patenting statistics using a variety of different
indicators: for example, patent citations (Trajtenberg, 1990; Trajtenberg et al.,
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1997; Harhoff et al., 1999 and 2003; Reitzig, 2004; Hall et al., 2005; Nikulainen
et al., 2005; Giuri and Mariani, 2005; Gambardella et al., 2006). While these
patent statistics have some well-known limitations, they are one of the few
indicators of innovative output for companies (Griliches, 1990; Kleinknecht et
al., 2002; Nikulainen et al., 2005). In recent decades, there has been a significant
expansion of the literature on patents, where patent statistics have been linked
to company performance among other aspects (for example, Albert et al., 1991;
Hall et al. 2005). In the third paper of this dissertation (Appendix 3), we see
indications that the economic value of the technological portfolio of the smaller
technology-dedicated companies may be related to the companies’ future growth
expectations because the companies rely on their technological competences to
succeed in growing. For this reason, it is worthwhile to identify whether there
is such a connection for science-based companies. If this connection exists,
signalling it may be useful in reducing asymmetric information between exter-
nal financiers and technology-dedicated companies (Myers and Majluf, 1984).
This may potentially lead to arrangements that secure additional funding for
technology-dedicated companies.

The empirical analysis in the third paper of this dissertation (Appendix 3)
focuses on biotechnology companies in Finland. The analysis is based on two
surveys directed towards Finnish biotechnology companies and patent data that
provide information on the technological portfolio of the companies. The results
indicate that the future growth expectations of the companies are statistically and
positively related to the number of backward citations of their patent portfolio.
Patent citations are reported in patent publications to indicate the prior art
(i.e., existing patents) upon which the patent builds. These backward citations
are thus citations of earlier patents. The existing empirical research on patent
statistics and particularly on patent citations has also linked backward citations
to the economic value of a patent (Harhof et al., 1999 and 2003; Gambardella
et al., 2006), although other indicators have been found to be more reliable.
This aspect is addressed in greater detail in the discussion of the limitations of
this dissertation. The results of the empirical analysis indicate that the Finnish
biotechnology companies can signal the economic value of their patent portfolio
in an objective manner that may be useful for external financiers as an additional
indicator of the future value of the company.
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3.4 DIFFUSION CHANNELS

In the diftfusion of science-based technologies, different types of companies play
diverse roles depending on the nature of the technology in question and on the
competences possessed by the actors. Smaller technology-dedicated companies
have an advantage with more radical technologies based on their knowledge
base in these technologies, whereas with incremental technologies, larger and
more established companies may have the advantage because they may already
have an existing competence base related to these technologies (Tushman and
Anderson, 1986; Teece, 1986 and 2006). Based on the argumentation in the
extant literature, the research question in the fourth paper of this dissertation
(Appendix 4) relates to potential diffusion channels in Finland that may exist
between the smaller and larger companies in the context of nanotechnology.

The extant literature on the roles of different types of companies in tech-
nology diffusion has focused on identifying differences between incremental
innovations and radical, discontinuous innovations (Tushman and Anderson,
1986) and differences between complementary assets (Teece, 1986 and 2006)
and absorptive capacity (Cohen and Levinthal, 1989 and 1990). While these
contributions provide a picture of the different roles involved, in particular with
emerging science-based technologies, empirical evidence in specific techno-
logical contexts is often lacking. This gap highlights the need to understand the
potential role and diffusion of nanotechnology in more detail to provide a better
understanding of the potential future impact of this science-based technology.

This paper uses patent and company data to identify the potential diffusion
channels of nanotechnology in Finland. It first compares the patenting activities
in nanotechnology and, as a comparison group, biotechnology with respect to
the overall patenting profile of Finland. The empirical analysis then focuses on
the patenting activities of nanotechnology-dedicated companies. In this descrip-
tive analysis, the aim is to identify similarities in patenting activities between the
nanotechnology-dedicated companies and the larger, established companies in
Finland. Finally, the absorptive capacity of the larger companies with links to
nanotechnology is addressed using quantitative proxies.

The results of the empirical analysis indicate that the patenting activities
in nanotechnology match the patenting activities of Finland to a greater degree
than do the patenting activities of biotechnology. This finding suggests that na-
notechnology may potentially have more of an impact than biotechnology on
the overall innovation activities in Finland. When looking at the more detailed
findings on technological links based on similarities in patenting activity, we can
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see that nanotechnology is potentially linked to various industries. This suggests
that nanotechnology has the potential to become a general-purpose technology
that will be used in various industries in different ways, as suggested in the extant
literature (Palmberg et al., 2007; Youtie et al., 2008). Finally, the results indicate
that the larger companies with potential links to nanotechnology have higher
R&D intensity than other larger companies with no links to nanotechnology.
R&D intensity has been used in the literature to approximate absorptive capac-
ity (Cohen and Levinthal, 1989), and thus, the empirical findings suggest that
nanotechnology is linked to companies with higher-than-average absorptive
capacity. This may facilitate the diffusion of nanotechnological innovations.

The contribution of the fourth paper of this dissertation (Appendix 4) to
the extant literature builds on the vast theoretical and conceptual literature on
this topic (for example Tushman and Anderson, 1986; Teece, 1986 and 2006;
Cohen and Levinthal, 1990). The paper makes a methodological and empirical
contribution to the discussion of emerging science-based technologies in this
context. Whereas most of the literature on nanotechnology has focused on patent
and publications statistics, only a few studies have tried to identify application
areas for nanotechnology (Hullmann, 2006). The empirical results of the fourth
paper highlight the potentially wide-ranging applicability of nanotechnology in
both traditional and high-tech industries.

The different papers of this dissertation use different types of research de-
sign, data and levels of analysis; Table 2 summarises these aspects and highlights
the main contributions of the papers.

Introduction 17



*(S002) *|© 19 SUBWLISH 93S ‘ASAINS B JO S|1EIDP DIOW SO 444
*(Z00T) UBUOINNT PUB SUBWISH 335 ‘ASAINS B JO S[1RIDP DIOW JOS 44
*(£00T) udule|NyIN pue uduleled ‘S1aquijed 335 ‘suoile|ngel diseq pue saileuuollsanb ‘Usisap s) ‘ASAINS B3 JO S|1BIBP IOW J04,

Summary of the research questions, research design, key results,

and contributions of the papers

Table 2

‘uoisnyyip ASojouyaay

oey Ayoeded aanndiosqe ysiy
aney Aew A3ojouydajoueu 03 syu

lernuaiod yum sajuedwod sadieq ‘¢
*S3141SNPUI JUSISHIP SNOLIBA O}

$ul| [ennualod sey ASojouydajouep ‘¢
‘9|qediidde Ajapim Suisq

Jo su8is suqiyxa ASojouydajoueN ‘T

oj1i0d jJuared
s,Auedwod ay) Jo anjeA J1WOU0Id

3y} JO [eUSIS B SE J3IDUBULY [BUIDIXD

Aq pasn aq ued saisiIels Judled ¢
“(suonein

pJemyoeq) suoned jualed pajejas
AjaA1nsod si yimods auniny pajoadx3y T

*J94sueuy ASojouyday jo
suolsuaWiIp Maj e Ajuo uj sa1Sojouyaay
J3y10 wouy s1ay1p ASojouydaiouen ‘¢

‘uonoeIIUI Aisnpul

-A11sJ9A1UN BuISSNISIP UBYM JUNOIIE
ojul uayel ag p|noys ASojouyaay
paJtiajsuel) ay} Jo sdlisiialoetey)d ‘T

*S3WI02IN0 JUBAS|3
Alysnpul ajow ul 3nsal Aew yoieasal
AJeurjdidsipJaiul Jo uonowold "¢
*SaW00IN0

30 sadA1 snoleA yum uonIaUU0d
aAnIsod e sey Sujuueds-Aiepunog ‘¢
‘uonuae aiow

UaAI8 3q pnoys uonoelanul Asnpul
-A)is19A1UN JO SaWO2INO 3|qiBuelu] T

sySisul pue synsaa Aay

(aujuo uoiydiaq) eiep jusled
aseqelep Auedwod 00S3L
Ansi8a1 Auedwod ojanseselsy

(eseqeiep Jualed [D0d34

S,¥113 8 duljuo uolyd|aq) eiep udled
++%700C Aanuns A3ojouydalolg v113
+%200T Aanuns ASojouydailolg v113

«Aanins ASojouydajouen v113

(xopul-12$ IS1) e3EP UONREIIGN
(12352NnD) e3ep JUS3ERd
«Aanins ASojouydalouen y1L3

d2Jn0s ejeq

aAndLsap ‘|euoioas

-550.2 ‘aAleluenb ‘|eauidwy

|e213S13e1S ‘DAleIIUeND ‘|eduIdw]

[eansnels
‘|eUOI1935-55040 ‘aA1IeYUEND ‘[edIdwy

|eansnels
‘|BUOI1I3S-5504 ‘@A1leIUEND ‘|edridwy

ugisap yoieasay

saluedwo)

saluedwo)

s19ydJeasal Ajis1aniun [enpialpu]

s19ydJeasal AjIsIaAlun [enplAIpu|

sishjeue Jo |ana7]

éAunnoe Sunualed
ul S91LIBIWIS UO paseq paljiuap!

aq syied uoisnyip |ennuajod ue)

¢oljojiod ASojouyaay J1ayy

pue sajuedwod pajedipap-ASojouyday
40 suoneydadxs Yyimods auniny
U93M13q UOI123UU0I 3] S| JRYM

¢Jaysuety ASojouyday Jo spuawa|d
JuaJayIp uo 103|324 ASojouydaloueu
30 sa13stIa3deIRYD ANnbiun 3y} Op MOH

éuonaeusyul Asnpul

-ANs1aAIUN WOy sAWO02IN0 SulAdIYDE
Ul $3JOMIBU UOIIBIOQE||0d Ydieasal Ul
Bujuueds-Asepunoq jo 9]0 ay3 sl 1By

uonsanb yaieasau ayads

ésa18ojouyaay
Paseq-aaualds Mau oy paljiuapl

S191UBULY [RUIIXD
03} pajeusis aq Auedwod pajedipap
-ASojouy2a) e Jo oljoj1iod ASojouydey

£ UOI1BI3PISUOD 2I0W UBAIS 3 Jaysuel)

swiayy 03 jeas
5101084 12YM pUE UOIIdEIIUI Allsnpul

9q syied uoisnyip [e1uajod ued MoH E JO 3N|eA J]WOU0ID 3Y} UBD MOH ASojouyda} jo 123(qo ay3 pjnoys -AJISJ9AIUN JO SBWO02IN0 3Y) dJe 1By uonsanb Aay
Apnis annelsojdxa $9IURIBYIP € djew S$)40M]3U UOI}RIOC.||0D Yd1easal
uy - Awouoda ysiuui4 ay3 ui sasexu ssauisng ASojouydaiolq ayi Jo anjea ASojouydaloueu sa0( - sa18ojouydal 40 3]0J Y3 pue JajsueJy ASojouyoay
|eai8ojouydaloueu Suihyuap| juasaud Suijesipul suoIeId Judled paseq-9oualds Suliaysues | |9A3|-|ENPIAIPUI JO SIWOINO Y| 3L

 1adeq

€ Jadeq

Z 1adeq

1 4adeq

Introduction

18



4 IMPLICATIONS FOR RESEARCH, PUBLIC POLICY AND
PRACTICE

4.1 IMPLICATIONS FOR RESEARCH

This dissertation explores specific aspects of the diffusion of science-based
technologies. The dissertation papers identify areas in the extant literature where
significant gaps exist and make related empirical contributions. Because the
papers focus on specific stages of this process, overarching, broad implications
regarding the theory of technology diffusion are hard to establish. Therefore, it
is more productive to focus on the aspects addressed in the dissertation papers.

The first paper (Appendix 1) indicates that in discussing the outcomes of
university-industry interaction, the prevailing focus in the extant literature on
patenting and licensing takes into account only a small fraction of the possible
outcomes. It is understandable that the extant literature has focused heavily on
patent and licensing data because they are more readily available than other
types of data, particularly data on intangible outcomes. The problem with using
the patent and licensing indicators is their narrow focus. University-industry
interaction clearly relates to a much wider set of outcomes that may not be
directly applicable in industry but may eventually lead to outcomes that are
applied there. Taking into consideration a broader range of outcomes may lead
to a better understanding of the potentially beneficial interaction cycle between
universities and companies.

The second finding in the first paper (Appendix 1) - that boundary-span-
ning in research collaboration networks is related to achieving more outcomes
from industry interaction — indicates that the ability to combine different research
areas relates to the discussion of technology transfer as suggested in the literature
on the “Mode 2”-type of research. This highlights the role of interdisciplinary
research as an important source of industry-relevant knowledge. Interdisciplinary
research has attracted attention in the extant literature, with attempts made to
define its nature and indicate where it most commonly occurs. Interestingly,
only limited interest has emerged regarding its connection with the creation of
industry-relevant knowledge.

Most of the existing literature on technology transfer treats technologies as
one entity and makes the distinction between different technologies based only
on the educational background and/or the current affiliation of a researcher. This
approach is somewhat limiting; the second paper of this dissertation (Appendix
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2) shows that technologies differ in some dimensions of technology transfer.
Therefore, in future research on technology transfer, more consideration should
be given to the transferred object, whether it is tacit knowledge or a tangible arte-
fact. The incorporation of this aspect should lend new insights to the discussion
of the role of different types of transfer objects in different phases of technology
evolution. Emerging technologies may face challenges related to a basic research
orientation, whereas more established and applied technologies may have very
unique challenges that are quite different from those of emerging technologies.

The findings in the third paper (Appendix 3) extend the conclusions of
the existing literature regarding the use of patent statistics and the connection
between the growth expectations of technology-dedicated companies and the
value of their technological portfolio. In establishing this connection, we find that
the uses of patent statistics are broader than suggested in the existing research.
Particularly interesting is the potential use of patent statistics by external finan-
ciers in their decision-making process. Identifying the role of patent statistics
in assessing the value of the company’s technological portfolio when making
financing decisions could be an interesting future research avenue.

The fourth paper (Appendix 4) explores the potential diffusion channels
for nanotechnology in Finland. Based on empirical analysis, the paper makes an
attempt to identify and understand the diffusion paths of nanotechnology. The
existing research often relies on historical data to discuss the impact of specific
technologies. This methodological choice has broadened our understanding of
these technologies, but only from a historical perspective. To understand the
current (and to predict the future) impact of a specific emerging technology,
different methods need to be employed. These analyses will require data that
is more descriptive and often qualitative, which means that statistical methods
will be difficult to use. For this reason, a wide set of methodological approaches
should be employed in discussing the potential future impact of emerging
science-based technologies such as nanotechnology.

4.2 IMPLICATIONS FOR PUBLIC POLICY

The diffusion processes of science-based technologies are complex and there-
fore direct policy implications are challenging to draw. However, the findings
in the dissertation papers have some potential implications for public policy.
One of the implications of the first paper (Appendix 1) relates to the indicators
based on which the outcomes of university-industry interaction are measured.
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While patents by university researchers, licensing revenues and invention dis-
closures to university technology transfer offices are readily available indicators
of potentially industry-relevant innovative activities, they fall short of actually
measuring the diversity of potential outcomes from this interaction. The tangible
nature of patents, licensing revenues and invention disclosures makes the use of
these indicators appealing for social sciences scholars as well, as is evident from
the extant literature (Siegel 2007; Rothaermel et al. 2007). For this reason, the
intangible outcomes have received surprisingly limited attention among both
scholars and policymakers in government bodies and university administration.
The results of the first paper suggest that the inclusion of intangible measures of
outcomes could be an additional dimension when one discusses the outcomes
of university-industry interaction. In fact, it should be noted that some of the
currently measured tangible outcomes (i.e., patent and invention disclosures)
potentially require no industry involvement and are more properly ‘technology
push’ outcomes that may or may not be interesting from the industry perspective.

The other implication of the first paper (Appendix 1) is the role of
boundary-spanning and interdisciplinary research in achieving more industry-
relevant research results. In the extant literature, it is argued that interdisciplinary
academic research is becoming increasingly important in creating industry-
relevant knowledge (Gibbons et al., 1994; Foray and Gibbons, 1996; Mowery
and Sampat, 2004). The findings in the first paper, on the positive connection
between boundary-spanning (i.e., the ability to connect different parts of the
research collaboration networks) and different types of outcomes, suggests that
interdisciplinary research has a connection - albeit a fairly small one - to achiev-
ing outcomes from university-industry interaction. This result highlights the
importance of promoting interdisciplinary research. This item has been on the
agenda of policy-makers in the past, particularly during recent decades, but most
recently, the promotion of this type of research may have received less attention
than it did previously (for an example of this, see the results of The Evaluation
of the Finnish National Innovation System, www.evaluation.fi).

The policy implications derived from the second paper of the dissertation
(Appendix 2) relate to the promotion and facilitation of technology transfer. A
fairly common approach in public policy with respect to technology transfer is
to treat all technologies equally. In many cases, this may be a valid approach, but
if the policy-makers are interested in promoting a specific area of technology
(for example, nanotechnology), it may be worthwhile to take into account the
unique technology-specific factors that relate to the diffusion of the technology
in question.
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The third paper (Appendix 3) is more focused on technology-dedicated
companies and their activities, and thus, direct public policy implications are
somewhat challenging to develop. If a public actor acts as an investor, the findings
of the third paper may prove useful (for example, in Finland, Sitra). Public actors
may have an additional evaluation criterion to use to determine the potential
economic value of the technology portfolio of the potential investee company.
This may prove useful if a public investor has limited (asymmetric) information
regarding the technological competences of the potential investee company.

The public policy implications of the fourth paper of the dissertation
(Appendix 4) relate to the facilitation of the technology diffusion of science-
based technologies. For policy-makers, it is worthwhile to understand the
potential impact of a new technology fairly soon after the initial emergence of
the technology. Particularly relevant is the information on potential applica-
tion industries. For example, in Finland, large public investments were made
in the biotechnology sector in the 1990s and 2000s, but because Finland is not
very specialised in pharmaceuticals, most of the eventual proceeds generated
by these investments were in fact made by foreign pharmaceutical companies.
Of course, the development of new pharmaceuticals serves the broader goals
of the healthcare sector, but ultimately, public investors may not have imagined
that most financial gains and increases in employment would not materialise
domestically. Though biotechnology did not have strong connections with the
established industries in Finland, the results of the fourth paper show a wide
range of potential diffusion channels for nanotechnology. The companies with
potential technological links represent a wide set of industries both from more
traditional sectors, such as paper and machinery, and from newer sectors, such
as telecommunications. For policy-makers, these findings highlight the general-
purpose nature of nanotechnology, and the promotion of this field may yield
significant results in the long term for both established and emerging industrial
sectors. In addition, companies with potential links to nanotechnology have,
based on this approximation, higher-than-average absorptive capacity, and this
should facilitate the diffusion process.

4.3 IMPLICATIONS FOR PRACTICE

The majority of the implications of the dissertation papers relate to public policy,
but some implications based on the findings could also be useful for practition-
ers in academia and in companies. The findings of the first paper (Appendix 1)
suggest that individuals with boundary-spanning positions are more likely to

22 Introduction



achieve higher levels of outcomes than their less connected peers when interact-
ing with companies. Thus, if an individual university researcher is interested in
achieving more outcomes from industry interaction; one potential method that
he or she can use to achieve this goal is to interact with researchers outside his
or her own range of familiar partners, potentially crossing traditional academic
discipline boundaries.

The findings in the third and fourth papers of this dissertation provide
some implications that may be useful for technology-dedicated companies. The
results of the third paper (Appendix 3) suggest that a patent portfolio and its
estimated value could be used to signal quality to external parties, particularly
external financiers. External financiers may already have significant knowledge
of the technological developments related to the company in question, but they
may also be interested in objective estimations of the value of the technologies
developed within the investee companies. This is particularly true for public
financiers, who often have a more limited perspective on the technological
developments related to the investee’s growth potential.

The empirical results of the fourth paper (Appendix 4) highlight the
identification of potential diffusion channels. Smaller science-based companies
sometimes have difficulty identifying potential application areas or industries
for their innovations. For this reason, the analysis of similarities in patenting
activities may prove to be a useful tool in identifying larger companies with
technological activities in the same technological areas. This also works the other
way around; larger companies can actively screen their technological landscape
to identify smaller companies that may possess the necessary skills to master
radical innovations, which the larger companies can then develop further to-
wards commercialisation.
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5  LIMITATIONS

The most significant limitation of this dissertation relates to the broad phenom-
enon under investigation. Technology diffusion includes various stages and
elements that provide a multitude of different potential analytical perspectives.
Because the discussion in this dissertation is focused on emerging science-
based technologies, the emphasis is more on the early stages of the diffusion
process. This allows one to highlight the challenges in the very early stages of
the process after the creation of the knowledge upon which the science-based
technologies build.

Even with a focus on the early stages of diffusion, the contributions of this
dissertation need to be positioned in relation to the vast amount of literature on
this topic. For this reason, the papers in this dissertation are snapshots of different
parts of early-stage diffusion, contributing to the extant literature in places where
clear contributions can be made. To some degree, this can be seen as a major
limitation. However, due to the broad scale of the phenomenon at hand, the nec-
essary limiting choice allowed for proper analysis of specific research questions.

The second general limitation of the dissertation is its focus on the diffu-
sion of science-based technologies in Finland. This poses some challenges to the
generalisation of the research findings. While this is an aspect that should be
kept in mind when interpreting the findings, it should also be noted that Finland
represents a small open economy that relies heavily on knowledge creation as a
source of industrial renewal. Its scientific community and industry activity can be
argued to be similar to that in many other countries, particularly European ones.
The industrial structure of Finland does have some unique characteristics related
to the dominance of the telecommunication, pulp and paper, and machinery
industries, but it can be argued that overall differences from other countries in
terms of knowledge creation and technology diffusion are fairly small. If the aim
were to improve the generalisation of the empirical results of this dissertation,
similar data or analyses from other countries would provide more insight into
the research questions proposed in the dissertation papers.

Additionally, there are some more specific limitations related to the in-
dividual papers. The first paper in this dissertation (Appendix 1) addresses the
outcomes of university-industry interaction. The most significant limitation in
the paper is the focus on the perspective of the university researcher. In an ideal
situation, one would form dyadic pairs of university researchers and companies
that could be used to verify the achieved outcomes. Unfortunately, this would be
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very challenging because university researchers interact with various companies;
thus, the formation of such dyadic pairs would have been beyond the scope of this
dissertation. In a related study (Palmberg 2008), this aspect has been addressed
on an aggregate level, with the findings suggesting that university and company
researchers do have some differences in their perceptions of the outcomes based
on their interaction. This aspect could be further explored, for example, by fo-
cusing on a specific technological field, which would allow for a more in-depth
analysis both from the quantitative and the qualitative perspectives.

The second limitation of the first paper (Appendix 1) relates to the con-
struction of the research collaboration networks. Although significant effort
was made in the paper to expand the network to be sufficiently large to allow a
proper analysis, it still is a partial network; we included only the co-authors of
the co-authors (and in the case of patent-based networks, the co-inventors of
the co-inventors) and no others. To provide a more realistic picture, the entire
research collaboration network should be created, but that would require an
effort beyond the scope of this dissertation.

In the second paper (Appendix 2), the most significant limitation relates to
the comparison group for the dependent variable. Because the dependent vari-
able measures the intensity with which the university researcher is engaged in
nanotechnology-related research, the research area for the less nanotechnology-
orientated researchers remains somewhat unclear. The educational backgrounds
of the less nanotechnology-orientated researchers suggest that they are most
likely active in medicine- and biotechnology-related areas. Because the focus
of the second paper was on nanotechnology and its differences from other
research areas, this limitation does not significantly affect the interpretation of
the empirical findings. In future research addressing the technological specifici-
ties of technology transfer, research areas could be given more attention; this
greater attention would provide more insight into various types of technologies
instead of just one.

The third paper of the dissertation (Appendix 3) has some data-related
limitations. Most significantly, many of the originally surveyed companies (81
in total) did not have any patents, and this limited the size of the sample to 30
companies. This reduction in sample size is related to the fairly recent emergence
of the biotechnology companies in Finland, which had led to a situation in which
only a few companies have a lengthy record of innovation. A follow-up study of
the biotechnology companies in Finland could provide a larger sample given that
patenting activity most likely has increased since the time of the original analysis.
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The second limitation of the third paper (Appendix 3) is related to the
patent indicators through which the economic value of a patent is estimated.
Unfortunately, only a limited set of patent indicators was available in the pat-
ent data used, leaving out some potential indicators that have been associated
with the economic value of patents (such as the size of a patent family and the
number of claims; for more on these factors, see Gambardella et al., 2006). In
future research, the inclusion of these indicators may provide more insight into
the relationship between the economic value of the technological portfolio and
the expected growth of technology-dedicated companies.

The limitations of the fourth paper (Appendix 4) relate to the data and
methodology. One of the most significant challenges with emerging technologies
is incomplete data classification. This relates particularly to patent and com-
pany classifications. For a newly emerging science-based technology such as
nanotechnology, significant time elapses between the initial emergence of the
underlying inventions and the creation of useful categories in databases. Because
this classification infrastructure is not currently available, in the fourth paper
of this dissertation, secondary data from public sources are used to identify the
Finnish companies that are active in the development of nanotechnology. While
these secondary public sources can be seen as very reliable, they do not provide
information regarding the intensity with which the identified companies are
engaged in nanotechnology-related activities. In the future, as the classification
systems develop, more information on these companies may become available,
facilitating the identification process.

The other significant limitation of the fourth paper (Appendix 4) is the
discussion of potential technological linkages. As stated clearly in the paper, the
aim was not to provide concrete empirical evidence of existing links between
the smaller technology-dedicated companies and the larger established compa-
nies. The aim was to provide an indication of potential links that may or may
not exist. To identify existing links between the different types of actors, other
types of data (for example, qualitative data) would be necessary. This type of
data could also address the issue of absorptive capacity in greater detail instead
of quantitatively approximating it.
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6 FUTURE RESEARCH

This dissertation has addressed technology diffusion by focusing on specific
stages of the process. It highlights areas where the extant literature has gaps
and provides empirical contributions to shed more light on these aspects. The
research focuses on the early stages of the diffusion process and approaches it
from the individual university researcher and company perspectives.

Several potential directions for future research can be identified on the
basis of the findings in this dissertation. Some of the research themes that could
be further explored are as follows: i) the role of boundary-spanning in different
types of interaction modes between university researchers and companies, ii)
extension of the analysis of the technological specificity of technology transfer
to other technologies in addition to nanotechnology, and iii) the connection
between expected company growth and technological portfolios with more
advanced patent indicators. Of these potential research themes, the first two
appear to be the areas where the most significant contributions can be made.

The boundary-spanning position in various networks and its relation
to different types of performance indicators has been addressed in the extant
literature (Burt, 1992 and 2004; Seidel et al. 2000; Mehra et al. 2001; Cross and
Cummings, 2004). Because most of the empirical literature on individual-level
boundary-spanning relates to internal communication networks, it would be
interesting to identify whether this unique role of intermediary is also relevant in
other contexts beyond the outcomes of technology transfer. This ability to connect
different parts of different types of networks may reflect on various performance
indicators, providing more information on the potentially significant role of these
key individuals. One example of a potential future research avenue would be an as-
sessment of the role of boundary-spanning in different types of interaction modes
by which university researchers engage with companies (D’Este and Perkmann,
2007; Palmberg, 2008). This would not only provide more insight into the technol-
ogy transfer process but also potentially yield some relevant policy implications.

The technological specificity of technology transfer is addressed in the
second paper of this dissertation (Appendix 2). As discussed in that paper, the
extant literature often treats all science-based technologies as having the same
characteristics affecting the transfer process. The empirical evidence provided
in this dissertation shows that there are clear differences between different
technologies. Taking these unique characteristics into account, many of the
existing empirical findings may be revisited, thus providing more insight into
the uniqueness of technology-specific technology transfer.
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