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Abstract

Existing discussion on technology transfer and cenaralization tends to predominantly follow

a linear view where the knowledge itself, trangfeocesses and socio-economic impacts are
treated in a relatively simplistic manner. Thiscetseeks to contribute to filling in these gaps i
understanding the exploitation and diffusion of wiexige generated through university-industry
linkages by analyzing the case of the biotechnokmptor in Estonia. Based on successful cases
of technology transfer we try to describe and explae development trajectories of academic
business ventures from a more systemic perspecte. show that both the process of
technology transfer and its impact are dependenthenlocal contextual conditions (supply,
demand, and policy). In the case of biotechnolagigstonia, technology transfer seems to take
place in a state-subsidized model and through psaseand logics that are to a large extent in
opposition to both the expectation of the lineawiand also of the biotechnology sector.
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1. Introduction

Even though both national and regional innovatigsteans are foreseen to embody the
complementarity between knowledge-generation an@wledge-exploitation sub-systems
(Cooke 2004), in practice not only public policdsyt also most empirical studies are
overwhelmingly engaged with the issue of knowledgeeration and not that of exploitation or
diffusion (Brown and Mason 2014).

Respectively, policymakers tend to foresee a ratteslized role for universities in the regional
context and innovation systems in general. In kméh the emergence of thea¢ademic
entrepreneurship (Etzkowitz and Leydesdorff 2000), the role andpestations of research-
intensive organizations have been magnified asetlz#s assumed to be the key actors for
increasing the socio-economic impact of R&D andvidedlge-creation activities (cf. Ooms et al.
2015; Uyarra 2010). Even though the original cohcbhlights a feedback-based and
interactive innovation model incorporating lineandareverse linear modes of innovation
(Etzkowitz 2003, 112-113; also Kline and RosenhbE9§6), the current debates on knowledge
transfer tend to remain stuck in the one-sidechlivew (Rothaermel et al. 2007).

Thus, the existing discussions seem to be strutthyestatic categories and limited analytical
perspectives, underemphasizing the potentiallyedarmpacts of technology transfer and the
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dynamism of the entrepreneurial processes in itgdfliterature overview, see here, e.g., Mustar
et al. 2006). As a result, many crucial dynamictdex are overlooked in technology-transfer
discussions, i.e. the demand-side issues, likergpbyg of economic activities, synergies derived
from existing value-chains and supporting industrénd their absorptive capacities (Porter
2000a, 2000b), patterns of technological change @détermining knowledge-transfer channels,
types of interactions and the nature of possiblmptementarities between universities and
industries (Todtling et al. 2006; also Dosi et a006; Bonaccorsi 2008) and the wider
institutional context-specific factors (see herewdoy 2011; Bozeman 2000; Bozeman et al.
2014, also Polt et al. 2001a, 2001b).

This article seeks to contribute to filling in tlkegaps in understanding the exploitation and
diffusion of knowledge generated through universgityustry linkages by analyzing the case of
the biotechnology sector in Estonia from a mordesye perspective. On the one hand, the
selection of biotechnology as a case study isne lvith the overall focus of the sector on
research valorization for commercial as well asifiolustrial purposes (Powell et al. 2007). On
the other hand, the developments of the sectorsioria are considered an excellent case to
illustrate how the local context can be crucialaiffiecting the real potential for technology-
diffusion processes. The Estonian innovation systehits policies have largely followed the
linear approach to innovation (see Havas et al528lko0 Izsak et al. 2014), presumably the most
suitable for the science-based sector, such asdhinblogy (see Pavitt 1984). While on the basis
of advancements in science, Estonia is considesedoster child for successful transition to
Western-style scientetogether with its strengths in material, bionediand environmental
technologies Nature 2009a, 2009b), the developments at the level @liness models and
industry in general have been regarded as modds¢stt(e.g. Kirs 2016; Suurna 2011; also
EuropaBio and Venture Valuation 2009 for CEE exgraee in general).

This study aims to shed more light on technologpdfer as a dynamic model with an emphasis
on the diffusion processes. Through this lens wpehtow uncover the challenges related to
university-industry-state interaction from a moystemic perspective. In doing this, the article
aims to answer the following research questiddew can the technology-transfer and -

development trajectories of the business ventinashave grown out of a public R&D system be
described and explained? What could be identifiegystemic problems to be solved by public
policies in order to enhance technology diffusiowl &s socio-economic relevance?

The study is structured as follows. In Section 2highlight some of the main failures of the
linear perspective on technology transfer and discthe alternative systemic perspective.
Section 3 describes the research methodology a&nshktimple of selected cases. The results of the
analysis are presented in Section 4. The widerudgon, together with possible policy and
research implications, is provided in the conclgdection.



2. From linear to systemic understanding of technolgy transfer

The term technology transférrefers to ‘brganizational and institutional interactions invaig
some form of technology-related exchanf{mee Bozeman 2000, 629; also Polt et al. 20014,
2001b). One can argue that the current discussiointeractions between science and business
(and policies) relies too much on the linear innmra model and especially on its implicit
assumption that outcomes of science are eventretyively easily understandabbnd mostly

in the form of codified bodies of knowledge routineised by the industry for innovation
processes (see here Etzkowitz and Leydesdorff 2B8kowitz 2003; Kline and Rosenberg
1986). As a result, the main focus of theoretical aormative discussions is on how to make the
objects fobust enough to get them out the door (Doganova 2043®).4This also leads to
sometimes excessive attention given to the roldifedrent (intermediary) actors involved in the
technology-transfer processes. These somewhatiBedphssumptions tend to determine how
the (economic) benefits of (publicly funded) bassearch are measured and evaluated. In this
paper, we follow a more dynamic and evolutionaryspective of technology transfer,
recognizing the diversity of the bodies of knowledg.g. tacivs codified, STI-vs DUIl-based),
patterns of technology transfer (e.g. codifiredl human capital-based) and of triggers and
barriers of technology transfer (supply and demand also policy-related factors). This
perspective highlights several limitations of time&r model proposing also alternative lenses for
studying technology transfer. In doing so, the tetbgy-transfer model is approached as a
dynamic multi-step process.

2.1. Thelimits of the linear perspectives

First, the predominant technology-transfer modelsspme that theobject of transfer is
predeterminedt the very beginning of the process. In this yaowever, the real underpinnings
(supply and demand context) for the technology sfiem have received considerably less
attention. From the evolutionary perspective, Nel$2012, 679) has argued that quantitative
indicators of patents, licenses and start-ups capbnly some parts, the later stages, of the
innovation model. Bonaccorsi (2007) has shown timatarguably weaker performance (in terms
of patents, licenses, start-ups) of European rekeas a whole stems from the more systemic
elements of the innovation systems. In the ovepigure, Europe is characterized by a lower
specialization in the areas that can be regardeg@aral-purpose technologies with a variety of
diffusion pathways and applications. Such insttodlist perspectives have opened up wider
avenues to explain the different context-specifictdrs to be involved in the model of
technology transfer. As derived from the Europdaried) attempt to emulate the US rhetoric
and practice, the debate has emerged emphasiahththreal functioning of policies and policy
instruments to support the science and industgrfate is strongly affected by the structural
differences in innovation systems and by the broadentation of the institutional framework
of each economy (Mowery 2011; Powell et al. 200@h&ccorsi 2007).



In other words, from the evolutionary perspective tfocus should be on basic research
capabilities, not only in terms of supporting ads@ments in the fundamental science, but also in
terms of having open access to research resulielhss domestic capabilities good enough to
break into the international networks/tiere the new technologies are being hatthi{dlson
2005, 25; Nelson 2006; Powell et al. 2007, 141¢ &keller 2008). At the same time, in the
context of transition and developing countries, rfleance on foreign-made technologies and the
respective capability-building is stated to be mionportant in economic terms than reliance on
the indigenous R&D efforts (Tiits et al. 2015, 315;general, also Perez and Soete 1988, 462-
463).

Second, there is wide spectrum of patterns that remain under-emeaddy the prevalent
approach of technology transfer, especially coringrfeedback paths within the development
processes, including experimentation processdseo$dience and industry interface, but also the
(informal) information and R&D collaboration thegsateractions are facilitating (Kline and
Rosenberg 1986; Nelson 2012; Doganova 2013). Mueeifically, these patterns of technology
transfer concern university-industry interactiont@nms of new ideas, labour mobility, influx of
students (read stock of useful information andskitonferences, spread of new instrumentation
and methodologies, access to networks of experts iaformation, complex technological
problem-solving, practical help and assistance, atisich are essential in the adoption of basic
research results and its specification and sprealdet needs of the industry but are not so easily
distinguishable (see Salter and Martin 2001; Ras4893; also Bekkers and Bodas Freitas
2008: 1840; Trippl and Todtling 2006; Cohen e8i02).

Third, in the linear model, most of the emphasis baen put on the commercialization of
valuable discoveries as an objective in itselflected also in the high importance of indicators
and activities belonging to th&d&rder’ end of the spectrum of knowledge transfer (theaited
“out-the-dooft criterion via spin-off firm formation, patentingnd licensing) (Bozeman et al.
2014; Philpott et al. 2011; de Jong et al. 2016)s practice has been reinforced by the decrease
in the stable and direct state funding of reseftrkowitz et al. 2000; Heinz et al. 2009; Coccia
and Rolfo 2008) affecting academic freedom andntices regarding research and technology
transfer (Philpott et al. 2011, 162, 167; de Jongl.e2016; Slaughter and Rhoades 2004; Karo
2010; Powell et al. 2007; D’Este and Perkmann 2816; Colyvas 2007; Bozeman et al. 2013).

Thus, from the more systemic perspective, Bozemah é2014) call for paying complementary
attention to the issue gdublic-value criterion and impact@Vas it beneficidl) in contrast to
solely focusing on the economic benefil@/as the technology transferréd®f technology
transfer. In other words, the prevalent focus andb-called §old standard for the assessment
of market impact/economic development captures ambfyroeconomic impacts (firm sales and
profitability) but remains more than limited regeugl systemic achievements and sustainability
issues (Bozeman et al. 2014, 6). As such, it has lmaimed that the narrow focus on the
commercialization of R&D results fails to tackle maosystematic problems of industrial
transformations, especially in transition econonfiegs et al. 2015, 314).
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Fourth, and shifting the analysis from scientificentrepreneurial issues, the linear model has
assumed a rather straightforward process of techgypkransfer From the time-line perspective,
attention has been given to the early stages @néuve development focusing on how ventures
grow out of a scientific sphere and what kind oferdirm-specific resources, institutional
linkages as well as business models play in thatiore of economic value (for a literature
overview, see Mustar et al. 2006). In this veimuanber of different models and typologies to
capture the essence of academic ventures haveelalished (for a comparison, see the stage
model of academic spin-off creation by Ndonzuauakt2002; cf. academic spin-offs as
explorative intermediaries by Doganova 2013). Dyokaand Souitaris (2008, 237, 242) argue
that there is a scope for further research reggrthie post-formation product development and
growth of spin-off companies with a specific foaus the issues related to technology regimes
and lifecycles as well as market factors (tendentogvards segmentation, the effectiveness of
patents, the importance of complementary assédts), e

From a more evolutionary perspective, it is argtiegt the debate has been stuck in static
categories, underestimating a dynamic view of titeepreneurial processes (Mustar et al. 2006;
Druilhe and Garnsey 2004, 282-283). From the petse of adaptation processes to the
business environment, some of the key aspects fodosed upon include: a variety of distinct
sets of competencies needed in the early stagesntdire development with an emphasis on the
key aspects, such as the discovery and identificatf commercial opportunity, the role of

individual characteristics to take a championinge rim the process and the capabilities for
resource acquisition (e.g. Rasmussen et al. 2Qhé)importance of social networks and the
specificity of network ties (being strong, but fand informal between academia and industry,
see Johansson et al. 2005, or the advantagesaidrupts to be related to networks rich in
bridging ties, see Scholten et al. 2015); the deffié business orientations of ventures (from
technical consultancy, sales and research sertoeesd more product-oriented business as time
evolves) (e.g. Druilhe and Garnsey 2004); the aaitifactors relevant (financial resources
primarily) to change the developmental trajectoard growth of ventures (Wright et al. 2004).

In contrast to the resource-based view, where cttiyee advantage is dependent on the
strategies for exploiting existing firm-specificsats (see above), the concept on dynamic
capabilities exemplifies the importance of highfpanance routines inherent in the company to
be able to adapt (also via reconfiguration of enrdktinkages) to the changing environmental
conditions (Teece et al. 1997). So, the questiamiswhether and how the academic ventures
are embedded into interactions of knowledge netsjdrslat the notion that these relationships are
highly dynamic as well. For example, Perez and Ben¢2003) demonstrated how in Spanish
university spin-offs technology transfer and netdrg with the university (as parent) decreased
over time (in contrast to the practice prevalentoag corporate spin-offs), while the

relationships with customers increased. This teaglevas accompanied by the change of more
frequent polarization towards technology than torkea in the business orientations. The

previous could be also considered to be one ofpdmuiliarities of the biotechnology sector,



where resaah and early edloitation tent to be highly regionalizd, but in development and
distribution and marketings/e speak abota highly globalized indstral sphere (Kaiser ar
Prange 2003).

Figure 1. From a linear to a multi -step approach for technology transfer
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In sum, itcan be argued ththe current academic debate on technol¢ransfe does not cover
the whole picture of possibtagesimpacts and outcomes, especiallytias real impacts can
unexpectedBozeman et al.201¢ 4-5). In other worsl, we can also thir of techndogy transfer
as a dynamic multstage pocess. For the main stages and factoiecting the technolog
transfer with focuses adiffusion processes as highlighted in this articee Figure .

2.2. A systemic framework of technology transfer

When speaking about innatior-driving activities in an economy,tife flow of knowled¢’
(whether in a direct or indict forma) constitutes one of the key aspedisi most certainly not
the only one(Mazzucato 21%, 52; also Polt et al. 2001ahn other words, the demand side
issues, including those of :ntifying “the companypecific conditionshat must be present
allow spending on R&D to ositively affect grow”, have been largelyeglected in the curre
policy as well as empirid studies (Mazzucato 2C, 44; Dosi el al. 2006 on Eurog
particularly). In this v, the technology transfer as sushould not beseen asan independent
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process to be tackled, but as one that intervem@sthe wider issues of complementarities
between supply and demand environments as welh@gespective knowledge transfer and
absorptive capacities (Bozeman 2000; Polt et aD1BR Importantly, the further away
universities and economic sectors have specialtbednore effort, time and investments does it
take to induce technology transfer and especialtyeiase the impact of transferred technology
(see also Figure 2).

Figure 2 provides a more detailed picture in uridexing the congruence between knowledge
generation and exploitation sub-systems and itgttral underpinnings in different (possible)

categories. In the context of this article, essdigtive speak about an explanatory framework to
understand and explain the contextual factors enrégional context and innovation systems in
general that ultimately (may) affect technologynsfer and diffusion processes as well as the
dynamics and trajectories involved from the widestitutional and socio-economic perspectives.



Figure 2. A systemic perspective on technology-trafier complementarities
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So, while the overall emphasis in technology-trangfolicies has been very strongly on the
development of framework conditions (public-proroati programmes, intermediary
infrastructures, legislation and regulation andifagonal settings) in the European countries in
particular, one has to consider, firstly, the déf@ modes possible for characterizing the
industry-science interface (from a simple lineardedoto a chain-link model), the different
effects these interactions may have, not only ennidtional but also on the cross-country level,
and time-lags in the effects of interactions, Hab af different framework conditions to occur



(Martin and Tang 2007; Polt et al. 2001a). Evenutiiothe demand-side issues have been
opened up in more detail in Polt et al. (2001a@ythave failed to keep the attention on these
particular issues while speaking about technolagypdfer (for a comparison, see Polt et al.
2001b). In spite of the acknowledgement of theesyst problems, the reactions to those have
originated from the market-failure rationale (Pettal. 2001b, 254). Hence in this study, the
policy-making mechanism in place is argued to haweider impact on the functioning of the
system, where severe problems of cooperation altabooation between different stakeholders
are detected, reflecting in this way also the galnaenovation climate in the context of which the
development of (high) technology should take plddee latter is particularly important in the
framework of the argument according to which nekiay is less hampered by the initial density
of trust and ties at the micro level and ratherthwy difficulties of ‘scaling up, e.g. bringing
together different stakeholders of the process{EVU®95; also Radosevic 2009).

Secondly, the framework conditions are not onlycdpeto certain national and international
industry networks, but also to different econongcters and fields of technology (referring here
to the different nature of linkages that will varglong with market conditions, demand
characteristics but also technology characteristdt et al. 2001a). This also means that the
dependence on the foreign value-chains and thenigion the trends as dictated by the wider
economic structures and relationships, make ieradhfficult to change the nation-state specific
specializations by the local policy-makers (seedketral. 2014). In the transition countries, the
problem can be further amplified by the overwhelghyrpoor level of capacities and demand of
local traditional industries, which, if overlookezhnsiderably affects whether and to what extent
the expected synergies are to be created by ggmamabse technologies in real terms (see here
Suurna 2011, 102; in general also Dosi et al. 2006)

In sum, one can say that the underlying ground fédure developments is derived from
cooperative and co-creative relationships betweead@mia-industry and policy-makers,
amplifying the need for context-specific innovatipolicies and systems (see also Bozeman
2000), the realization of which, however, is extedyrchallenging the further away an economy
is from the technological frontier.

3. Research methods employed and the sample of tteses selected

In contrast to the prevalent research strategnes atticle aims to open up the transformation of
academic research into economic value from an ratee perspective, focusing on the
entrepreneurial side (creation and evolvement of vientures) of technology transfer.

In order to track the developments, a purposefalitjive sample of successful cases in the
Estonian biotechnology sector was compiled (fomifled information, see Table 1). The sample
covers two different modes of commercialization pofblic-sector technology: (1)irfventor-
entrepreneurs— university employees who actively seek to conuiadize their own inventions;
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and (2) ‘surrogate-entrepreneuis— those who acquire rights to the university-deped
technology (Radosevic 1995). The tersutcessfilrefers here not only to the enterprises with a
history of significant sales and revenues, but asothe essence of the technological
advancement that they are supposed to carry, er gtbrds, the development of alternative or
complementary technologies rather than the purstgution of the existing products/services
(Audretsch and Link 2012). As the information ashle to the wider public on the solutions,
technologies, methods, etc. grown out of the Eatoi&D system is neither systematized nor
comprehensive, the study is explorative by natlevertheless, the selection of the cases is
representative in terms of the major research grama enterprises active in the sector.

The empirical analysis relies upon the triangulatiof different research methods for the
compilation of data. As a first step, extensivekdessearch was conducted to detect the cases
relevant for the study and application of the citeas described above. For this purpose,
different sources of information available to theblic were explored in depth, including the
media coverage and business reports on finandiaites in the Estonian Commercial Register
(Ariregister). As a second step, interviews with representatigé business ventures who
combined both managing and R&D-related positionsrewearried out. Altogether, 12
biotechnology enterprises (including representativd all major enterprise groups and
competence centres in Estonia) were interviewed &mdthese, eight interviews with
representatives of different biotechnology reseaydups in Estonia in the field were added
(previous studies have shown that there are aliegdi3 biotechnology research groups active in
Estonia, see Karo et al. 2014). The latter arelhigdlevant due to the great fusion between the
academic and business spheres of the field in Es{see also Suurna 2011; Karo et al. 2014).
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Table 1. Sample of the (successful) cases selected

The case Type of Initiative for Underlying The The key aspects/barriers|  The leverage from the The leverage from the (local) | The socio-economic effects
venture TT knowledge | format of | in adaptation to business (local) demand public policy measures of TT (the key aspects
basis forTT 1T environment environment only)
Prosyntest | Became a | A group of International | Informal Lack of marketing No; dependent on international No influence whatsoever on the sigdeEstablishment of production
AS/ spin-off of academics R&D project | (staff) capabilities; high volatility value-chains. of EAS. facilities; important employer
Cambrex TUT in the + local due to service provision Acquired by MNC in 2008. A partner in CC for Cancer in the field of org. chem; a
Tallinn AS mid-2000s analytical Research. practical site.
(1989) capabilities
Spin-off of | Academics + Local Informal Lack of marketing No; dependent on internationa] EAS support measures important | Important employer in the field
uT entrepreneurs + | analytical (staff) capabilities; high volatility value-chains mainly. (during the period of economic of org. chem; with high export
TBD- us yer_mture capabilities due to service provision downturn, but als_o for the opening| revenues; a practical site.
Biodiscovery capitalists _of the new R&D lines). Strong
0oU (2006) influence by the Tartu
Biotechnology Park.
A founding member of CC on
Health Technologies.
Spin-off of | An academic Postdoc Technology | Diversification of portfolio; Partially yes: public demand by EAS — supportive role in the Development of DNA tests ang
Asper UT and entrepreneur + an| period inthe | +informal now looking more strongly | the reimbursement policy of the foundation, but also in R&D services and the respective
Biotech Estonian entrepreneur+ US| US + towards the local market Estonian Health Insurance projects (e.g. developing a separatetechnology (e.g. DNA chip for
Group Biocentre venture capitalists| international Fund; also international R&D | oncology portfolio). breast cancer); one of the
(1998) R&D project projects. A partner in CC on Health biggest employers in the field
Technologies. of biotech; a practical site.
Quattromed| An academic Postdoc Technology | Business model combining | Yes, benefitted the most from | EAS + SPINNO programmes Development and provision of
Quattromed | ASisa entrepreneur + period in the | +informal | the technology development| public demand created by the | supportive to the transfer decision| new types of diagnostic
AS/ spin-off of | representatives of| US with innovation in service reimbursement policy of the and period); influence on R&D services (relying on molecular
Quattromed | UT clinics — “co- provision; plus providinga | Estonian Health Insurance projects restricted (the company’s | biology) to the Estonian
HTI Laborid working” area full package of services in Fund. resources have been sufficient). medical sector; the biggest
OU (1999)* the field; CEO’s Acquired by MNC in 2013. A partner in CC for Cancer employer in the field of
championing role Research. biotech; a practical site.
Quattromed | Quattromed| An academic Technology | Serving a specific niche in | Limited: international R&D EAS support relevant for R&D Platform technologies
AS/ ASisa entrepreneur +informal | the local as well as projects mainly. projects; in terms of foundation, seeimportant for development of
Icosagen spin-off of international value chains also the previous case. new drugs, including Ebola;
Group uT Cooperation to CC on Health important employer in the field
(1999)** Technologies. of biotech; a practical site.
FITBiotech Cont_ractugl Contr{;\ct _research Joint_ ‘ Informgl - If at all, the quality/cost ratio. Funding fronEKES. Experience & well-paid wc_>rk;
ovj Plc relationship | to a Finnish publication (specific development of DNA vaccine
E . company capa- for HIV; the collaboration led
stonia bilities) to the foundation of a
(1995)** . = foun .
subsidiary in Estonia.
Some have | Contract research| Working Informal Risk management Due to authorizations requirgdSubstantive influence on the side of A range of potential new
been to the US partner;| experience (staff) restriction to the local market | EAS R&D grant allocations — a technologies, products and
Protobios formed few academic from the US (limited in size) not reasonable; significant degree of allocations services in process; the groupl|i
Group legally as entrepreneurs + reliance on “exit strategy”. converged into the hands of this | an important employer in the
(2003) spin-offs of | venture capitalists Group. field of biotech.
TUT A founding member of CC for
Cancer Research.
Self- Students’ Classmates + an | Local + Informal Gathering experience but No; increasingly affected by Substantive influence on the side ¢f Development of easy-to-use
diagnostics | spin-off of academic increasingly (staff) + also additional funding via | the German development EAS since foundation of the medical devices to detect
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it-

ouU (2008) | UT entrepreneur as a| international | contracts to | secondary activities, such as context; also international R&D company. Significant financial infectious diseases at the Pain
co- ((4)] R&D sales of last-generation projects. Established a support by the Development Bank| of-Care.
owner/consultant | capabilities institutions | DNA-tests subsidiary in Germany. of Saxony, AufbauBank SAB.
and capacities
CC of Food | (Students’) | Academic CCFFT — Informal CCFFT - international In strategic terms, international Not dependent on EAS support. TheCCFFT: upgrading local
and spin-off of | entrepreneurs + | highest (staff) orientation and making R&D projects; certain degree | support has been used to build up| mature-food industry; graduate
Fermenta- | TUT “underground” impact from money of stability from the local the infrastructure and train the staff, school; contribution to creation
tion initiative by the (mature-food) industry. but the exploitation of it has been | of new good-quality jobs (over
Technologies students international covered by the sales from its own | 60).
& Bioexpert (Bioexpert) R&D projects activity. Bioexpert — a founding
0oU (1991) member of CCFFT.
Commercia | Classical case of | International | Patent Active engagement of UT | Limited: exclusive licence held| EAS support has served as an Upgrading local mature-food
Probiotic lization of TT together with | R&D project department for TT by one company in the dairy | important basis for building up the | industry; development of a
bacteria P patenting and industry (some other strains specific manufacturing capability | wide range of product lines in
Lactobacillus licence granted to the Bio-CC of and realizing the pilot project. functional food.
fermentum agreements Healthy Dairy Products); the | See also the previous column.
ME-3 (1995, direction on food supplements| The regulative environment in the
2001) relying on international R&D EU not supportive: EFSA has not

cooperation.

approved any claims on probiotics

Note: ***, *** g|| related to one single academ@ntrepreneur in essence.
Clarification of abbreviations: TT — technologyriser; TUT — Tallinn University of Technology; UTUniversity of Tartu; CC — Competence Centre; EAS —
Enterprise Estonia; 1ZI — Fraunhofer Institute @ell Therapy and Immunology; EFSA — European Foaf@{g Authority.

Source: Authors.
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4. Technology-diffusion patterns in the Estonian mtechnology sector

Following Table 1, we next outline the main factanfiuencing the patterns of technology
transfer and diffusion in the Estonian biotechnglegctor.

4.1. The underlying basis for technology transfer initiatives

The underlying logic of the Estonian R&D strategjigs strongly on supply-based innovation
development. In reality, however, we managed to oy few successful spin-off companies
and ready-made solutions that mark the case ofmeari technology-transfer model from
academia to the market. Also, it can be argued thait all, then the foundation of spin-off
companies should be seen primarily as personapmg¢cts (driven by personal aspirations,
goals and interests) of key persons behind the aaigp (in some cases also the realization of
aspirations for the sake of local development) ematihan examples of a long-term strategic
direction of ‘entrepreneurial university and its implementation. Thus, there is a strong
dependence between the technology-transfer pracasskethe single entrepreneurial academics
to detect the market potential of their researdlvisies.

Perhaps somewhat surprisingly from the linear patsype, but as expected from the systemic-
evolutionary perspective, the domestic technolagpdfer processes with a significant economic
impact have converged around the research themeésgeoups with high-level research
excellence. In other words, an important preretpii®r knowledge transfer relies on a very
good level of basic science, which, in turn, isrsbg the interviewees to be strongly dependent
on decent permanent public funding rather thantangtelse (including a project-based funding
system). Hereby, it is important to note that therepreneurs active in the field see the
university’s role foremost as a provider of genéradwledge and human capital (graduates), but
also as a platform for testing new ideas and swisti As was admitted by one of the
respondents:
The primary task of a university is, after all,éducate students and to do research; science and
innovation issues are on the table, largely, beeaok getting additional funding. It is not a
secret. The government should understand how anddifferent actors in the R&D system
prioritize their activities. If it is believed thahe entrepreneurship gets promoted via giving
money to universities, then too bad indeed

The representatives of the entrepreneurial sidéligiged that partnerships with universities

primarily imply the existence of certain (basicpahilities/technologies to be there, whereas the
case studies revealed some restrictions here, lasTive latter also explains somewhat why the
cooperation and joint projects of the foreign parsn(on the side of local entrepreneurs) have
attained increasing importance.

In other words, the knowledge basis for technolwggsfer has been very strongly related to the
developments taking place in the international ardfstonian involvement in joint research
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projects as well as in contract research has basedbon speed- and cost-advantages supported
by sufficient (not necessarily world-leading) prsg®nal competence and relying on global
companies. Taking part in scientific conferenced amernational R&D cooperation projects
(FP7, Horizon 2020) has not only served as a bmgedround for developing networks and
contacts, but essentially also provided signifigamblic funding, necessary for basic R&D and
business activities. Hence, essentially the aforgimeed policy measures have helped the spin-
off companies to survive outside the R&D systemilewtieveloping their technology niches. It is
also important to note that more often than not kkg persons’ specific knowledge and
experience as derived from their stay in the irBomal environment (for studies, work
experience) have opened up certain so-to-saydows of opportunitiésto be realized in
Estonia.

4.2. The main patterns for the technology transfer and adaptation of the technology to the
business sector

Even though a large share of the biotechnologyrpnses in Estonia has in one way or another
grown out of the public R&D system, contrary to thepectations of the linear model, the
foundations of the new ventures are almost nevsedan the transfer of codified knowledge.
Almost all interviewees emphasized people (academnicepreneurs, qualified personnel and
gualified graduates) with their specific knowledgel skills (who also act as shareholders and/or
(senior) R&D consultants in the spin-off companiesgr more codified bodies of knowledge:
“Education only. Know-how and qualification of thaf6” Thus, the ties between the academic
and business networks are highly personal and @ongh the style of You can always make a
phone call), which is a further deviation from the lineardabiotech-based models in more
developed countries.

It has been rather exceptional for the codifiedvidledge grown out of universities to be passed
on to the external parties of the R&D system ireatrformat of technological solutions, IP, etc.
The knowledge-transfer processes in this format @aly be exemplified in some particular
fields of molecular-diagnostics technologies anahethods and of food technologies. As a rule,
the business models of the field are not built adothe codified knowledge as derived from
universities; to the contrary, the latter play eatlh supportive role in the majority of cases. As
the domestic market dominated by micro enterpriestablished by academics) is in the phase
of infancy, there is no clear demand for codifiBg either, and the foreign market is too complex
and difficult to enter, given the existing researcapabilities. The specialization of the
biotechnology sector in the provision of specigtwsces rather than the development of original
products further reduces the importance of codikieowledge.

Further, several interviewees pointed out that rgelashare of biotechnology developments
(including the development of technology-based potg) grown out of the R&D system tends
to remain stuck in the development phase. Oneeofrthjor problems here is seen in the different
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routines prevalent in the industrial and academieses (e.g. what kind of information is needed
to guarantee the credibility of product functioning to publish an article). The departure of
scientists from universities is, however, a rathgceptional practice. Hence, the role of the
universities remains to providekeltef for the respective research groups until a coneraér
niche has been found or failure or exit from thateyn has taken place, whereas the key
scientists tend to rely on the university salarg osition/reputation in parallel and later on.
Crucially, the success in technology transfer comcenostly those cases where a decoupling
from the public R&D system took place soon after skart, further confirming the dynamic view
of transfer processes. As a rule, the alignmendrgnizational culture and routines to those
appropriate in the business sector presume théviewent of a particular persona(thampiofy)

with a business background and a visionary in tanekbpment processes. Also, the technology
basis transferred to the enterprises is developgther while relying on their in-house
capabilities (including the development of new-gatien technologies/techniques), whereas the
expansion of a portfolio is strongly affected bye tfforeign) customer needs, but also by
participation in different (international) R&D pegts (FP7, Horizon 2020, EAS, etc.). The latter
explains to a certain extent the low interest tmam engaged in interaction and cooperation
with the relevant (domestic) research groups iversities, as well.

The dominance of the so-calle@ohtract researchbased business models makes specific
demand conditions — the presence of the ficeré customérin particular — a top factor when
starting the commercialization activities. Thesatcacts are not only important in order to
process possible specific niche R&D developmentwelsas to invest in business processes in
general, but also because of the access gainggbtma() value chains as such. In this light, it has
become increasingly common that business modelsbaite upon the separation of service
delivery and development activities (including tRecorresponding to it). The transfer of IP that
results from the development work of the independegal entities is argued to be more
appropriate to meet the investors’ interests. Tlaree also companies that have managed to
establish a specific status of a certain servideely niche in value chains, the protection by
patents of which is not considered either costifit or necessary.

Even though the biotechnology sector is very s@dntensive, the entrepreneurs’ perceptions of
the formal image of being a spin-aibmpanyremain controversial. There are companies which
prefer to define themselves through their intemreearch capabilities (e.g. being active in
publishing). There are also companies that havét their competitive advantage upon the

affiliation to an R&D institution. As such, the im@ of being a spin-off is seen as ambivalent,
referring either to the strong analytical capaietitas derived from a public R&D system or to
the possible problems in relation to the potenti#ormation leakage, the actual R&D

! According to the Estonian R&D database ETIS, tinaier of patent applications by Estonian scientisggstered
in the US was 159 in total by December 2013, wheieshe case of 22% the economic rights were aizibb to
the Estonian researchers and universities; indbe of 18% rights were authorized to the Estonigerprises
(mainly companies founded by academics and thentafd those in the field of biotechnology), armdthe rest of
the cases (60%) to the foreign institutions or camgs registered abroad (Karo et al. 2014).
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competence (especially due to the involvement udestts) and the complexities of sharing the
IP belonging to a university. Based on the infoioragathered during the interviews, one can
guestion why the format of spin-offs has receivedrashelming attention in policy rhetoric. In
reality, the formalization of business venturesspm-offs does not seem to have much to do
with technology-transfer processes by nature, hth the reflection on the wider institutional
environment — i.e. providing feasibility for apptg for different state support measures on
university-industry cooperation (e.g. procurementfrastructure, in particular).

4.3. The leverage from the (local) demand environment

In general, the demand for biotechnology transf@mfuniversity to industry in Estonia has been
weak and indirect at best. Several intervieweesitéelithat too high expectations have been set
for competing at the international market in linghathe overall export-orientation strategy of
Estonia. At once, these companies were forced ¢e fae extreme volatility prevalent and
struggling with insufficient marketing capabilitierecessary in the area of service provision,
whereas the local potential and somewhat more sesmavironment remained underexploited.
Today, a certain change in the mindset has occuyetdctions still lag behind.

A rather exceptional example in the system is deeelopment of food technologiés.g.
nutrition testing/development, fermentation), esgigcby the Competence Centre of Food and
Fermentation Technologies (CCFFT), which, paradadkicis one of the most mature and stable
industries with a very long time-frame. The trarssion of codified knowledge has played a
greater role here than in other sectors as wetialme it provides a more stable basis for long-
term contracts and specializations (enabling thinitien of an array of applications more
specifically, etc.). Nevertheless, the underlyiragib for these developments has emerged from
the combined impact of the cooperation projectgetioer with international partners and with
the food industry locally. Also, the relativelyistrEU regulations regarding the food sector have
been a crucial demand-creating element.

The other application areas of biotechnology hawt enjoyed such leverage from the local
demand, which is also why the main focus of théaeds still on the phase of development, but
also on building up the local demand environmentptarmaceuticalgelated activities, the
business models are strongly oriented towards arit-Strategy and the respective
specializations aligned to the industry’s investiriaterests and possible future prospects as set
by the global actors (e.g. research on the caneatnent). Due to the high regulative
environment in the field, it was admitted by onetlo# interviewees thatThere is no point to
carry through the development activities just floe sake of the Estonian market. Often this is
also impossible due to high standardization in camraverywheré There are also application
areas in Estonia (e.g. oil-shale energy/chemistere industrial demand is so specific that it
cannot be met by the universities locally any m@vikich either have not been able to acquire
the capacities relevant or to maintain these).
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In sum, the leverage effect of public-sector demhbas varied. Even thougbublic hospitals
could be seen as important potential users forebiotology applications, according to the
interviewees, their real impact on the technolagysfer processes has been limited. On the one
hand, hospitals are important partners for thernmsses and universities as sites to carry out
clinical trials (even though here the cooperatioorenoften relies on the enthusiasm of single
persons than on general organizational practicgseatally as R&D as such is not prioritized in
the current public-funding mechanism). On the othand, the clinical material the local
hospitals can offer is not found representativeughdoy the enterprises, in particular if they are
dependent on global value chains. However, theritzstocontext is occasionally considered to
be attractive for drug development projects. As ohdhe interviewees commented on the
situation:
For the sake of the Estonian public sector onethasdmit that the bureaucracy involved is not
S0 extensive as in other (larger) European coustria Estonia, the processing of paper work
(especially as everything has to go through theoiah Agency of Medicines) is considerably
simpler and faster. The primary reason that broutlet development phase/project in question to
Estonia is the speed of processing. It took hatéar, while elsewhere two years is the ultimate
maximum

The other important national actor to affect thealodemand is thélealth Insurance Fund of
Estonig whose activity via inclusion of certain procedsjrenethods, etc. to the list of
reimbursed services in particular has enabled aéwex technologies to spread. It was admitted
by the interviewees that many start-up companigge@ally in the early stage of development
activities, are dependent on whether their actieéy be included in the service list of the Health
Insurance Fund. As the latter is in turn affectgdtlive lobby of medical associations, their
awareness in technological advancements but alsio demonstration of cost-efficiency to
hospitals and clinics is what matters in real terMsvertheless, the primary orientation of the
Health Insurance Fund has been the provision obeemtable market and conditions for the
diffusion of ready-made solutions. Here, the dstic can be concluded by the statement of an
interviewee: The tax money should stay in the country and noeshe interest of development
companies [multinationals] An overly patient-based funding system with aiufe on treatment
and not on prevention and health behaviour maynbadalitional factor inhibiting business and
technology development. One can assume that iinthiatives are not leveraged by the public
health-care system, the commercialization on tleerearket does not have many perspectives,
as has been shown by the several cases of gemsgasd testing solutions.

4.4. The leverage from the (local) public policy measures

The share of those companies that have manageovér the development costs by means of
their own activities (including sales and otheragetary activities) is rather exceptional but not
non-existent. To a significant extent, the knowkedgansfer in the field of biotechnology has
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been funded by the public sector (EAS, as welhasstments from foreign development banks,
etc.). The evaluation of the impact of these messseem to be rather complex.

On the one hand, and according to the interviewias,rather difficult to attract the private
investors’ interest to support technology-trangfescesses (no specific product/service often
available). The state support (that is presumaldyenpatient and appropriate for riskier R&D
projects, see here also Mazzucato 2013) is fountetaelevant (at least during economic
downturns). In contrast to the theoretical assuomgti the Estonian R&D support system is
neither found to be patient enough nor appropri@aesupport more complex capacity-
development efforts of the private sector. As alltesome promising spin-off companies have
already moved into the hands of foreign capitgbeemlly in the stage of more intensive applied
research and development activities needed. Asttathtiy interviewees:
In fact, there is no demand for the developmernvities anywhere and from anybody other than
on the side of a state ... Our logic for survivalieslupon service delivery and not on the
development activities. Even more, it is the cantreesearch that essentially enables the
development of these capacities that are to be eooiatized later

EAS was set up to support enterprises, but todapithduct development has to be funded by the
enterprises themselves. As the support rate for R&®jects is higher, most of the enterprises
are engaged with R&D activities, whereas outputieims of real products are yet to be shown.

On the other handsubsidy-dependenaan be detected in certain particular cases als(sex

here Kirs 2016). One of the interviewees commentethe problem rather vividly:
There has been too much ‘easy’ (grant) money. Téie and only presumption for distributing
the (state) money should be that capitalists ttigirtown money (self-financing) ... There is a big
difference in how private capital acts: R&D projedb pay salaries for researchers or to earn
money ... Looking back, one can say that a lot ofej@received by the ‘weak’ projects and/or
by the projects with limited economic impacts. & $ame time, there was a strong need for the
money to get distributed ... It is also true thastmoney has made a relatively good political
lobby. Essentially, the same R&D projects have ivecesupport for the first, second and third
time — just making a bit of change in project #itlbut dealing with the same thing ...

In light of previous, the capacities to succesgfalbtain state grants often prevent the companies
from making a decisive development in the R&D, amghy “are jumping standing still Hence,

the vicious circle for start-up companies tendedour: there is a need to get rid of the academic
routines and to hire people with a business backgtdmarketing, sales), for which, however,
the companies are too small, so they do not daekany risks.

In this context, it is more than relevant to ndtattthe successful cases of biotechnology transfer
in Estonia go back to the late 1990s and early 20@8ereas the policy support structures were
still in their infancy. The success of these casagld be rather seen as a result of several
important factors working in combination as followthe ‘real” demand for the research

activities (via the inclusion of medical doctors @mnsultants into the research groups); the
institutionalization of demand in the Estonian be&lare system by the Health Insurance Fund,;
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the foundation of companies in the field as a rattgaction by some of the key academics; the
emergence of specific financial instruments (InnmraFund, the predecessor of the EAS) and
national support mechanisms/programmes (SPINNO) fthclusion of people with
entrepreneurial background; and the existence afpetent university graduates. The early
funding allocated via the Innovation Fund had a eehat different format: it embodied both a
grant to the R&D institution to cover the time toansfer (including the wages for researchers)
and a loan to the corporation to cover the devetapgrexpenses, but it acted as an enforcement
mechanism to speed up the processes at the sameTira grant allocation was also bound to
the participation in international R&D projectstalidate the credibility of the undertakings as
well as of the staff.

From more current instruments, the measure to stpgat public-privatecompetence centres
(CCs) has had a relatively unique impact on the R&iBtem. In principle, this is the only
measure which has tried to affect R&D activitiesl @ine respective transfer processes not only
through financial means, but focusing on establighiand constantly developing new
organizational routines, networks, capabilities: &ample, from our interviews it emerged that
the more successful CCs have evolved over time fnoone scientist-driven entities towards
more co-productive organizations where, if neededdchnology transfer, the role of academics
has been reduced in favour of more development-nraacketing-oriented staff. At the same
time, the less successful organizations have reedaafoser to the academic focuses both in
organizational structure and strategies.

In sum, due to the impact of policy instrumentshsas the CC measure, a significant part of
academia-business cooperation takes place notlgiftween universities and businesses, but
in other ‘entities that bring together interested businesses irfiéhé. Yet, as these firms are the
co-owners of these centres, the potential for wigehnology transfer and socio-economic
impacts has remained restricted due to competggressures and interests. Further, these CCs
have a somewhat different role to play in differapplication areas of biotechnology. Hence,
and primarily depending on the stage of the apfiinaarea in terms of the technology cycle, the
CCs are perceived differently by the side of em@mpurs: from useful partners in R&D
collaboration (the case of more complex and mase&ors, such as food) to a comfortable
(financial) leverage (the case of early-stage aadkei-seeking areas, such as cancer research).
In principle, in the context of Estonian biotechomy} transfer processes, we have to talk about
“a closed circle of friends or corporatist business-academia networks, whafermal
cooperation prevails. In addition, it is arguedtthi@e development work carried out in CCs
would not be sustainable without public support.there is an increasingly strong pressure on
the CCs to become economically independent of téite, she very essence of CCs comes under
threat to a certain degree, as well. After all,dhé plausible alternatives to increasing the shar
of commercialization are seen either in a certampbfication of R&D activities (service-
orientation) or moving backwards in value chains.
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4.5. Explaining technology transfer and diffusion patterns

The specific characteristics affecting patternstemfhnology transfer in Estonia as described
above are deeply embedded in the wider sociontital environment: starting from a
mismatch between the capabilities of public R&Dtilmions and industrial needs and ending
with public policies ill-equipped to leverage thet@ntial initiatives in question.

Firstly, the R&D policy has driven the universitimsconcentrate on the production of scientific
results that are internationally competitive (tbecslled 1% publishing) and has neglected the
market feedback (e.g. it is often impossible tolghlthe results from applied research, yet there
are no counterbalancing mechanisms taking nonghdydi research results into account in
research evaluation or funding decisions).

Secondly, the Estonian economy as a whole is algsél in an investment phase, whereas the
development is driven mainly by process innovatideployment of new machinery and other
ready-made solutions and not R&D) and whereas #madd for R&D is concentrated in the
hands of an extremely small group of local entsgwi(around 60-70 companies cover 90% of
the private investments in R&D) (see, e.g., Murkl &falvet 2015; Roolaht et al. 2015). The
biotechnology sector serves as a special case hemagnified expansion of the industry in
guantitative terms is argued to have gone handaimdhwith the change in business models,
whereas the orientation taken on risk-managemerdtegies rather than R&D-intensive
synergies and specializations tends to prevails(Ri®16; Suurna 2011). Reliance upon short-
term returns and specialization in activities drepiower added value could be taken as the
reflection on the general business environment gdeew in Estonia. In other words, today’s
policy rhetoric and measures are limited by natorereate wider synergies from technology-
transfer processes, especially as the private rsdcies not have the absorption capacities as
assumed in the context from which the policies Haa@n transferred.

Finally, one can argue that the current R&D systas concentrated most on the development of
basic research capabilities and according to tkernational academic peer-review principles,
whereas the dimension that could exercise the smmoomic relevance in a systemic way is
still missing. In other words, relying on the intlmws one cannot have the impression that the
public sector has tried tagét to the bottofnwhen articulating demand for R&D. Firstly, the
incapability to set the long-term priorities togethvith the specific programmes, etc. have led to
the situations where the academics by themselats wthat is needed or what they could do in
some extreme cases. As one of the major problenes thee lack of relevant policy-making and
implementation capacities is highlighted (in part# those related to the impacts assessments).
In the light of the previous, secondly, the majoof public-sector contracts are oriented on the
services of consultation, monitoring and implemgataassessments, whereas the linkage to the
technological advancements remains vague, and rescdahe wider socio-economic affect of
the technology transfer is not in the spotlighte ®itempts, limited though, to induce or spread
new technologies and applications via the formatatf public need have not had the result as
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expected, either, mainly due to the limited invohemt of end-users to the processes, in turn
leaving the development tgit on the shelf

As a result, the main problem in the Estonian imtion system is not the gap of
complementarities in knowledge generation and etgtion sub-systems, but that is has become
wider and more fundamental.

5. Conclusion

As seen from the Estonian case study, the poliejorit and ambition of the linear technology-
transfer model do not match the actual impact endhe field of biotechnology. The treatment
of technology-transfer processes reflects rathetomaminded thinking and a belief that this is
an ultimate end in itself. We can say that focusangsuch a narrow goal and re-enforcing this
through policy and academic rhetoric does not fslipport transfer processes, either, that are
dependent on the local context or achieving a fasgeio-economic impact of R&D. Here the
other aspects in relation to the sector-specificcigs should be highlighted, as well, especially
those that concern the stage in the technologgyide and the appropriability of the demand
context (including the existence of local suppa@tindustries as well as the nature of value
chains in the industry).

In the case of Estonia, the prevailing patterneghhology transfer in the field of biotechnology
is strongly tacit, informal and supplementary, eatthan direct by nature. It is true that several
success stories (e.g. diagnostic services relymgnolecular biology; commercialization of IP
on ME-3 bacteria) also fit very neatly into therf@t of a classic linear model. Nevertheless,
these are rather exceptional and not prevalentscd&saadoxically, these cases were initiated
when technology transfer policy support structusese largely non-existing, at least from the
perspective of the linear model. Still, they haemdfited from both good scientific capabilities
and the fact that specific technologies have beeremppropriate for commercialization. In
most recent cases, these conditions have been lesglsupportive, and the majority of cases
have come to be dependent on the state supporiameaots.

The prevailing rhetoric of technology transfer leawntouched the routines of R&D institutions
and industry. The universities follow strategiesdzhon basic research logics and are unwilling
to shift voluntarily towards corporate and publentind with different constraints (shorter time
frames, more unstable financing) requiring changesbasic routines and strategies of
universities. Basically, the R&D institutions areotnmotivated to get involved in the
experimental and applied R&D activities. The wifjimress by the private sector to finance the
aforementioned initiatives directly or indirectliavthe EAS measure of R&D grants is, however,
more than limited. As was shown in the case studiessuccess stories of technology transfer
require both academic and business-related levdrageinternational financial and knowledge
networks.
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Essentially, the paradox presented here is a clasgcome of thecopying paradok where the
belief in single almighty policy measures takes fih@is away from broader contextual issues.
As shown above, the focus on the formal technokogysfer of codified bodies of knowledge
has established rhetorics and expectations thatiffieult to fulfil within the existing academic
and business context. This has, in turn, creatadciaus cycle of subsidy-dependence. In
essence, it does not matter much from which enttheftechnology-transfer processes — either
from the end of the academia and wider commereitdin of its research results (supply-based
orientation) or from the end of entrepreneurialcdigery processes, assumingly forming a
stronger basis for socio-economic need (demanddb@sentation) — policy-makers have sought
to initiate changes.

The key challenge is still to find the synergiesamen these two and developing specializations
complementary to both. The artificial support togmidy the university-business cooperation has
not only considerable limits in bridging the gapaafabilities in the two sectors in real terms,
but even more may result in shared disappointnmetite prevailing rhetoric as such. As a result,
some of the more promising cases of technologystearhave in fact been transferred abroad
prior to their expected impact being achievedl,S3hke measure of competence centres has been
somewhat exceptional here as it has been the only-term effort to build and sustain new
organizational routines and capabilities explicithgarding technology transfer. Nevertheless,
the wider socio-economic relevance of CCs in teldgy transfer is still a challenge;
economical turnouts remain to be enjoyed by a sanalle of founding companies and partners.
Overall, the socio-economic relevance of technolivggsfer depends on how policy-makers are
able to take into account the sector specific aspettechnology transfer, even if these are
informal and tacit by nature.
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