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Abstract

This paper examines the variability of organisational forms in terms of forward and backward networking versus vertical
integration in biotechnology SMEs. The study examines forms of organisation in a set of firms across application segments.
The forms of organisation vary by application segment in biotechnology, but differences are not clear-cut, and a firm can apply
different forms to different application segments in its activities. The reasons for this variability are related to the stringency of
the regulatory approval systems, technological risks, and the costs of building full-scale manufacturing facilities which influence
funding needs and thus also the choice of organisational form. The paper finally discusses the notion of networking as a separate
form of organisation of economic activity and the extent of its applicability to biotechnology.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction exchange for their support, they obtain exclusive or
shared rights to specific technologies or products that
In the field of biotechnology, alliances and networks emerge from the new biotechnology firms’ R&D pro-
are essential and appear to be a key factor for the sur-grammes. The latter obtain funding for R&D, and both
vival and growth of new biotechnology firms (e.g., funding and expertise for manufacturing and marketing
Powell et al., 1999; Niosi, 2003Established firms in-  their products. These arrangements have been so fre-
vest in biotechnology R&D in specialist small firms quent and intensive that they have even been regarded
through R&D contracts, equity investments and joint as a new organisational form (a network company as
ventures Powell, 1990; Sharp and Senker, 199 contrasted with markets and hierarchies; Besvell,
1990; Powell et al., 1996; Mangematin et al., 2)@3
as a hybrid governance forriMjlliamson, 199).

* This paper was presented at the conference in honour of Keith NonethelessPisano (1991)10ted a reverse trend
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Brighton, UK, 13-15 November 2003, towards f_orwar_d vertical |ntegra_t|on by new b|ote_ch-
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biotechnology R&D (see als®&enker and Sharp,
1997. According to Pisano, at the same time, or-
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in, e.g., Finland where, since the late 1980s, research
funding agencies have invested large sums of public

ganisational structures to source or commercialise money in biotechnology R&D, motivated by great ex-

technology have become more diverse and hybrid.
Alot of previous research in biotechnology has con-

pectations concerning a new growth sector. Whether
these expectations are realistic will be touched upon at

centrated on pharmaceuticals-related biotechnology, the end of this paper.

which is the earliest and probably still the most typical
application sector of new biotechnology. However,

even in pharmaceuticals-related application areas, the2. Networking and forms of organisation

business and networking strategies of biotechnology

firms may differ. One may presume that this applies
even more to other biotechnology application areas.
Further, much of the research on biotechnology firms
has been carried out in the USA, where biotechnology
was commercialised earlier than in Europe. US
circumstances differ from those in small European

There exist a host of studies on networking
or alliances in biotechnology (e.gRisano, 1991,
Liebeskind et al., 1996; Audretsch and Stephan,
1996; Zucker and Darby, 1996; Niosi, 2003; Mange-
matin et al., 2003. Being strongly science-based,
biotechnology firms have emerged as research spin-

countries, not only because the biotechnology businessoffs from academic or established industrial firms.
sector is more mature there, but also because there ar€ntrepreneurs in the new biotechnology firms often
large established firms in the various application areas come from universities, and the firms are located near

of biotechnology with resources for networking with
small biotechnology firms. Moreover, the private ven-
ture funding sector is well developed in the US, offering
both alternative and complementary sources of fund-
ing for the new biotechnology firms. In a globalised
world, access to partners and funding, either locally or
nationally, most probably is not a necessary condition

academic institutions, with which they collaborate
intensively (e.g.Zucker et al., 1998a, 1998b; Stephan
et al., 2000. Further, new firms lack funding for
R&D that is needed for developing their inventions
into products or processes. They lack resources
and capabilities in manufacturing, clinical testing,
regulatory processes and distribution/marketing, while

for biotechnology firms to function. However, it is
likely to be a facilitating framework condition.

incumbent firms can offer these capabiliti®o{vell et
al., 1996; Pisano, 1991; Senker and Sharp, 19917
This paper examines the extent to which networking Teece's terms (1986it is a question of large and small

and vertical integration in new biotechnology firms dif-  firms having complementary assets. The established
fersin different application areas and compares firmsin firms lack competencies in biotechnology R&D, a lot
and outside the pharmaceuticals sector. The viewpoint of which is tacit, and which in the earliest phase of the
of the paper is that of a new firm. The paper focuses on development of the field (in the 1970s and the 1980s,
the factors that influence the observed diversity. The in particular), was centred in a few placegitker et
empirical research material comes from a small Eu- al., 1998a; Sharp and Senker, 1998mall firms are
ropean country where new biotechnology firms are a also regarded as more flexible, that is, able to react
much more recent phenomenon than in the USA, giv- to new challenges and more innovative in new areas.
ing rise to more varied circumstances underwhich these Technological uncertainty has, further, played a role
firms hope to survive and grow. Private venture fund- in the established firms’ decisions to contract out for
ing is also scarcer. Further, the paper will discuss the R&D in biotechnology Sharp, 1985; Pisano, 1991
notion of networking as a form of governance and its These observations have led to the notion of small

applicability to biotechnology.
Finally, the question of organisational form adopted
by new biotechnology firms is of policy relevance. Dif-

biotechnology firms being exemplars of network firms.
This picture has recently been further elaborated
by, e.g.,Mangematin et al. (2003)ho, drawing on

ferent organisational forms can influence the growth data from French biotechnology firms, noted that the
prospects of biotechnology firms and the potential re- frequency of alliances among biotechnology firms is
turns to investments in R&D, which in many countries related to business models. They classified all new
are heavily dependent on public money. This is the case biotechnology firms, SMEs, into two classes. The first
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group comprises companies which have large researchcreating the conditions under which a system with
programmes aiming at broader markets and have high extensive division of labour and alliances can evolve.
expectations of future growth and profits. The authors It can be presumed that extensive division of labour
show thatthese companies typically enterinto contracts further reinforces the intellectual property rights
with big industrial groups. In a study of Canadian firms, protection and induces firms to patent.
Niosi (2003)noted that this business strategy is more Networking, alliances and co-operation have been
often characteristic of a firm aiming at human health used interchangeably in the above analysis, as is the
products. The second group, accordinfytangematin case in many studies on biotechnology. Different types
et al. (2003)are biotechnology SMEs which run small  of co-operative relations, such as those based fully on
projects, target small and segmented markets, often do-informal agreements versus those based on formal con-
mestic, and make incremental innovations, manufac- tracts, differ in their nature and function. The final sec-
turing their own products and marketing them. In the tions of this paper will pay attention to this distinction
latter case, the need for alliances with bigger companies and will discuss the concept of a network company and
is limited, and the organisational structure is typically some of the assumptions underlying it.
that of a vertically integrated firm.

In addition to business models, intellectual property 2.1. Research questions
rights systems have been noted to be important for
networking and alliance§éece, 1986; Aroraand Gam The paper assumes that instead of two distinct busi-
bardella, 19941 A division of intellectual labour—and  ness strategies or models, as definedlangematin
thus co-operation within a network—relies on strong et al. (2003) there is more variability among biotech-
intellectual property rights. A clear division of intel- nology firms. Particular attention is paid here to forms
lectual labour between small and large firms can be of organisation, which means the reliance of the small
observed in the pharmaceutical industry, where patent biotechnology firm on vertical integration versus net-
protection is more effective than in other sectdmevin working in its research, product development, product
et al., 1987. Another reason explaining strong prop- approval, manufacturing, and marketing activities. The
erty rights is the fact that the knowledge base can be term forward networking here means collaborative so-
articulated in universal categories, thus facilitating the lutions with other companies in manufacturing and/or
codification of knowledge in patentingfora and Gam marketing while backward networking means collabo-
bardella, 1994 Also Teece (1986has noted that, in  ration with a university or a research institute in R&D.
addition to the efficacy of legal mechanisms of protec-  This paper examines reasons for the observed
tion, the nature of technology (product versus process variability in forward networking versus vertical in-
and tacit versus codified) is an important dimension tegration. It is assumed first that networking solutions
for appropriability and related to vertical integration are typically used in human health products, while
versus disintegration. With effective property rights in other segments their prevalence varies. This study
protection, codified knowledge and product innovation aims to test this assumption and to understand the
firms are more likely to be vertically disintegrated. rationale for variation. As the above references imply,

It thus emerges from previous research that there is one of the factors potentially influencing the decision
variation in the extent of forward collaboration versus concerns a need for and access to resources, especially
vertical integration in new biotechnology SMEs. This money. Large companies which biotechnology SMEs
is related to the business models of the firms, and prob- make R&D contracts with or license their IPRs out to
ably to the application segment of biotechnology with provide an important source of funding needed for the
human health and pharmaceuticals firms being more R&D processes of the SMEs. Alternative or additional
inclined towards alliances and collaborative arrange- sources are provided by public or private venture fund-
ments. HoweverMangematin et al. (2003rgue that ing organisations, or, in the case of very early research
firms in the same application segment may choose dif- stages, public R&D funding organisations. According
ferent strategies. toLerner and Merges (1998h pharmaceuticals, how-

Further, the intellectual property rights systems ever, alliances with large firms have become the single
are related to the extent of networking and alliances, largest source of financing for biotechnology firms.
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It can be further presumed that the amount of 3. Data
money a new biotechnology SME needs is primar-
ily related to the stringency of the regulatory sys- This study attempts to answer research questions
tems for accepting new products in the markets. They drawing on a qualitative dataset. The data consist of
are most stringent—and the process longest—in hu- interviews carried out with 29 Finnish biotechnology
man health products, where it may take 10-15 years firms in the winter of 2003. The firms were divided
from the discovery of a new medicinal molecule to into five small groups by main business segment. The
the introduction of a product into the market. Tech- segments were drug discoveriN£8), diagnostics
nological risks are high since a new product may (N=5), biomaterials Nl=5), services Nl=5), food
fail in its presumed effects at each stage of the pre- and feed =3, but only 2 are analysed in this paper),
clinical or clinical trials—or in the worst case, af- and others Nl=4), which is a miscellaneous group.
ter market entry (for unexpected side-effects, etc.). Not all firms were small or medium-sized according to
The overall high costs of developing hew medicines the standard definitions. Five firms had a large parent
and the high risks can explain the prevalence of for- abroad—owned partially or fully—by companies in
ward co-operative solutions in human health prod- the USA or the UK. These firms are included, since
ucts where small firms cannot obtain the resources the ownership arrangements in most cases incorporate
needed. According t&harp (1985)this uncertainty forward networking strategies and the parent is
and risk makes large firms more inclined to contract involved in financing and marketing arrangements of
out biotechnology R&D to small firms. Especially the biotechnology subsidiary. One firm is a division
in the early research phase, many of the costs areof a larger multinational company and represents the
borne by public institutes and funding agencies. It expansion of an established firm into biotechnology. It
means that the overall costs and risks in biotechnol- is not included in the analysis of this paper, and thus,
ogy are shared by a larger number of organisations. the number of analysed firms is 29.
A second reason, presumably affecting the need for  Most firms are co-owned by founders, investors and
money, is the size of the potential markets and the venture funding organisations. As can be seen in the
costs related to building large-scale manufacturing fa- table inAppendix A not all firms are very new with a
cilities. few founded in the 1980s.

The ease with which new firms can access money is
dependent both on the institutional framework (avail-
ability of public and private risk funding) and the in- 4. Findings by application segment
novations of the firm and its scientific and business
networks. Though important, these are not the actual  The table inAppendix A gives the basic findings
research focus in this study. as stylised facts by major application area. In each

This study examines the extent to which business category, they are given in the order of the year of
rationales and forms of organisation differ across ap-
plication segments and sectors, and pays attentlor_] tOmeﬁnition of biotechnology used was based on a survey of
the role of the approval or regulatory systems explain- Finnish biotechnology firms carried out by ETLA in the winter of
ing this variance and the size of the markets for the 2002 Hermans and Luukkonen, 2002n the survey, the definition
products of new biotechnology firms. Attention will ~was practical, based on the data collected by the Finnish Bioindus-
be paid to the importance of IPR protection, and par- tries Association;‘ir? _practic_e, the vario_us biocentrg directors had of-
ticularly, the tendency of firms to patent, in each type ten made the def!nltlon whllg resppndmg .to enquires about recently

- . founded companies. All the interviewed firms were among the sur-

of business strategy. An important aspect of the IPR eyed firms.
strategies is the way in which a company has organised The interviewees were in most cases the CEOs of the companies.
its backward co—operation, that is, co-operation with Inone company, both the CEO and the research director were inter-
academic and other research organisations; Whetherviewed,while one person was interviewed forMo companies, since
S . . . he was simultaneously the CEO of two small firms. In another com-
it is I,nformal and based on social relatlonShlpS_and pany, a co-founder and board member were interviewed. With the
unwritten agreements or based on formal/written eyception of two telephone interviews, all the others were carried
contracts. out in person.
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foundation of the firm. The third column (functions of dependent on how cash-stripped the SME is. The drug
the firm) is the basis on which the classification of the discovery companies mostly wanted to out-license,
firms into vertically integrated versus disintegrated has if possible, in trial phase Il, though this was not
been made. If the column notes that the firm has manu- always possible. Some were/are able to develop their
facturing and marketing functions, it means that itis a products up to trial phase lll, when they can earn
vertically integrated firm, while a mention that it only larger revenues at the time of making the contract and
has a function of ‘developing innovations/out-licensing as potential, future royalties. One of the firms with
IPRs’ means that it is a vertically disintegrated firm. ample foreign venture funding aimed at a strategy to

Other characterisations mean a mixed firm. out-license in different phases, thus securing a steady
short-term income while, at the same time, securing
4.1. Forward networking larger, potential longer-term income.
As aresult of the tightening of the financial markets,
4.1.1. Drug discovery firms one of the SMEs had recently made a co-operation con-

Drug discovery firms are a clear group mostly based tract with a big pharmaceutical company on R&D in
on forward alliances, highly contractual relations, and the discovery phase. The big pharmaceutical compa-
having the least forward vertical integration. All the nies will finance the R&D and will be the owner of
firms engaged in drug discovery developed medicinal the IPR for a potential invention. It will pay further
products into clinical trials I-lll, and intended to or compensation to the small biotechnology firm if the
actually did out-license their IPRs to big pharmaceuti- research leads to a discovery. This kind of contract will
cal companies during one of the trial phases. The big secure short-term funding for the activities of the firm
pharmaceutical companies would be in charge of the while being less advantageous in the longer term.
last and most expensive phases of the drug discovery  Only one of the pure drug discovery firms intended
process, and manufacturing and marketing. Safety andto manufacture and market one of its products. It was
toxicological tests inclusive, the total expense of devel- a question of a medicinal product for a specific niche
oping a new medicinal product presently is assessed tomarket with worldwide demand estimated to be quite
be in the order of€ 500 million. The technological  smallin the beginning. Specialised treatment in which
risks are great. There are different estimations of risks this drug is used will be provided only in very few
of failure, but one of the interviewed CEOs presented hospitals in the world and thus marketing would not
an estimation that only 1-5 of 100 original pharmaceu- require a great effort. The firm planned to manufacture
tical discoveries will eventually lead to a new medic- the product during the first5 years after its approval and
inal product. According to the same source, because to out-license the rights at a later stage. This means that
of the improvements in the discovery process, thanks the firm saw its role mainly as a drug discovery firm.
to the application of biotechnology, the risks have de-  There were two firms that, in addition to drug
creasedto 1linevery 10 discoveries turning out success-discovery, were engaged in other types of activities;
ful. While traditional drug development takes from 7 diagnostics, services, and chemicals. These firms had a
to 11 years, by applying new biotechnology this pe- clear distinction in their business strategies concerning
riod has been claimed to have decreased to 4-8 yearghe different types of activity: in drug discovery, they
(Powell, 1996. intended to or were engaged in out-licensing their

According to the interviews, the later a biotechnol- product innovations. By contrast, in diagnostic tests
ogy SME out-licenses the IPR to a product innovation, or chemicals, they manufactured—one through a
the more it gets as down payment and future royalties, subcontractor—and marketed the product, and one of
since the SME has borne a larger share of the risks andthem was engaged in services. In the latter application
expenses involved.The decision of when to sell is segment, the organisational form was thus that of a

vertically integrated firm.
2 This is in accord with the finding biyerner and Merges (1998) . A Sfumrl?ardy of thfe above is thI:'IS thit’ Wlt?]thg ex%‘?p__
that financial constraints drive R&D firms to cede control rights in tion of niche drugs for very small markets, the drug dis

a buyer's market and that alliances, signed in early stages of R&D COVEry business is about developing and out-licensing
projects, give less control for the R&D firm. product innovations. The variation between the firms
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concerned the number of innovative products in the may produce tests or markers that are key components
pipeline and/or the stages at which they intended to or oftests. Some of the firms produce these for therapeutic
already out-licensed their products. According to these use, some also for research, not just for medical therapy
firms, the best insurance against risks was to have sev-or industrial uses. Firms are also involved in producing
eral inventions/products at different stages when out- biosensors for, e.g., environmental monitoring R&D
licensed, thus securing a mix of resources in the short activities. The business logic of the firms engaged in
and long term. However, this was not always possible diagnostics by and large differs from that in drug dis-
for reasons related to access to funding. Thus, the busi-covery firms, with no major differences in the strategies
ness of out-licensing product innovations is based on of firms across different diagnostic segments.
a highly developed division of labour among various The diagnostic firms in the interviewed dataset were
firms and networking. engaged in developing, manufacturing and marketing
All the drug discovery firms had had access to some raw materials, such as antibodies or reagents for di-
venture funding, private or public, national, regional or agnostic tests, or the tests themselves. A major part
foreign, and some had had a few funding rounds. Nev- of their customers are foreign companies. Some firms
ertheless, this was seldom sufficient for the envisaged used distributors in their specific market segment. Two
development process. The sums secured were in mostof the firms provided or had provided services in the
cases relatively small. Even an initial public offering early phase of their activities since these offer a quick
does not necessarily secure a great deal of funding, par-cash flow. All the firms were vertically integrated firms,
ticularly not in a small market such as Finland. Further, though one of the firms resorted to a partial network
the public financing window has been closed because solution by subcontracting some of its manufacturing
of the downturn in the capital market since 2001. The activity.
need for funding is currently regarded by the CEOs as  In diagnostics, there is no regulatory approval sys-
the most acute problem of the sector in Finland. This tem and it is possible for firms to introduce new prod-
need was an important factor determining the stage atucts as soon as they have developed them and set up

which products were out-licensed—and thus for the
present and future revenues of the firms.

It is to be noted that the present forms of organi-
sation in terms of forward collaboration/networking
have not necessarily stayed unchanged
Mangematin et al., 2003Some firms had started with
expectations—which proved to be unrealistic—that
they might be able to obtain the resources to build
large-scale manufacturing facilities. The networking

(cf.

systems to make them. A young firm may obtain rev-
enues from the start and is far less in a need of external
funding. Only two of the five firms had obtained ven-
ture funding, national, regional or public; one as capital
to start the firm, and the other to develop new products,
yetin the former case, the sums were very small. Over-
all, the required funding to start and develop business
is much smaller than in drug discovery.

All the firms had patented their processes or test

strategy has, in some cases, been the result of a painfutechniques. In diagnostics, however, not everything is
learning process. Obtaining a competent—mostly being patented. Specific tests (test kits) are typically
foreign—venture funding organisation as an investor patented, but antibodies which are used as a raw ma-
in the beginning helped some of the firms to build a terial for making tests are not. Since these firms typi-
viable business strategy at the outset. Even though cally are engaged in producing both, they have patented
all firms had obtained some venture funding, most only some of the knowhow related to their innovations.
had not been as fortunate—or rather had not had the These companies often also used trademarks to protect
networks to obtain such funding and/or had not had theirintellectual property. Itis also true that many of the
equally attractive inventions to offer. basic methods used in diagnostics, such as the methods
to make monoclonal antibodies, are based on discover-
4.1.2. Diagnostic firms ies originally published as scientific discoveries and not
Diagnostics is also related to pharmaceuticals patented (in the 1970s). This happened at a time when
through pharmaceutical therapy and diagnosis. Firms patenting was not practiced as widely as today. The
may produce ingredients of monoclonal antibodies competitive advantage for the firm is its tacit knowl-
such as purified protein or antigens, or further, they edge concerning the practical working methods of, e.g.,
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how to extract antibodies and markers most effectively  In biomaterials, the product approval process is
and with the intended impact. Even though firms may much shorter than that in human drugs, though it de-
in principle be aware of the basic methods, their ability pends somewhat on the application. The most stringent
to make the end product varies. Firms may be able to requirements concern biomaterials which are used in-
license out their products, such as cell lines, without side the human body as contrasted with outside uses
having patented them, facilitated by having mastered (such as on teeth). The US Federal Drug Administra-

the technique effectively. tion requires clinical tests, but these do not follow the
procedures set for human drugs. In European countries,
4.1.3. Biomaterials there is a certification process by specific notified bod-

Biomaterials are also used in the health care sector.ies after which the product can be given CE approval
Biomaterials are used in, e.g., orthopedic dental and and be marketed in the European Union. Many coun-
cranio-maxillofacial applications or other solutions for tries outside the EU accept the European certification.
musculoskeletal reconstruction and temporary stenting  The overall development of biomaterials products
(implants). Biomaterials often replace older materials, from discovery to market launch is shorter and less
such as metal plates, used in surgery. New and devel-expensive than in drug discovery, enabling small
oping application areas are, for example, drug delivery biotechnology firms to integrate manufacturing.
and tissue engineering. Marketing is also within their reach through the use of

In terms of networking versus vertical integration, existing distributors in medical devices. The markets
biomaterials is between drug discovery and diagnos- are for the most part located abroad. One of the firms
tics: four out of the five biomaterials firms aim at prod- has a group of test users in various countries. These
uct innovations and out-licensing the IPRs. However, test the product before the actual market launch and
the main activity of the four firms is to manufacture suggest improvements before a major launch. Patent-
their products, and in three of the five firms, also to ing isimportant and all firms do so. Patents are usually
market them. taken on materials, techniques, and/or work processes.

Some biomaterials firms use distributors in the spe-
cific segment. This has the benefit that these have for- 4.1.4. Services
mer customers and existing markets. Often the same  Since biotechnology is highly networked, it offers
distributors offer both conventional and new products many opportunities for service providers. The service
(e.g., biomaterials versus metal plates for surgery) to firms interviewed were engaged either in consulting or
their customers. Especially in the case of niche mar- in R&D services. One firm was a vertically integrated
kets for specific products, professional groups, confer- firm, since it manufactured diagnostics components
ences, fairs, Internet-based advertising, training, and for its customer firms. Most of the customers of the
direct marketing to potential customers have been used.service firms were other biotechnology (diagnostics,
Marketing efforts are facilitated by the fact that the cus- food) or pharmaceuticals firms. One of the service
tomers consist of hospitals and medical personnel. In firms subcontracted special analyses to other R&D
one company, a foreign parent was in charge of mar- service firms. None of the service firms had patented
keting by utilising its worldwide market networks. their knowhow, since it was based on publicly avail-

One of the firms involved in developing innova- able knowledge and on their own acquaintance with
tions and out-licensing the IPRs is a holding company, processes, though some had plans to patent potential
founded to commercialise research results of univer- new methods to be developed in the company. New
sity researchers in the biomaterials field, and is thus methods development is, however, mainly researched
not fully comparable to the rest. Another firm, not in- in universities in connection with basic research on,
volved in marketing, is owned by a US firm, which e.g., health issues and the diagnostics of various
markets the products. One of the firms also intends to diseases. New methods development information is
do business in manufacturing for other companies un- normally published in connection with the publication
der their brand name either using their design or its own of the original discoveries and thus cannot be patented.
design. All except the holding company had received Marketing is typically part of the everyday business
venture funding. One had had an IPO in New York. of a service firm and cannot be contracted out. Service
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firms differ from other firms in that often their major  of an interest in and market demand for health food
customers are in Finland, while firms in other types of products.
business mainly cater to foreign customers. However,
one R&D service firm in a narrow subject area had the 4.1.5.2. MiscellaneousThe last group includes, as
majority of its customers abroad. Local demand forits the name indicates, a set of firms in many business
services is too limited to offer a viable business model. areas: an instrument manufacturer (in surface chem-
The special advantage of service firms is their abil- istry instrumentation for pharmaceutical drug screen-
ity to apply specific—yet generally known—methods ing, research and environmental monitoring), genetic
in an effective way, and also the fact that they have the protein modification and engineering, bioinformatics,
required instruments and trained personnel at hand. A and drug delivery. The firms have somewhat different
lot of service provision is based on tacit knowledge. Strategies varying from developing innovations (and
These firms learn to apply the latest techniques and out-licensing) to full vertical integration of various
methods through either informal contacts with univer- functions.
sity staff or by contracting them formally to teach their ~ The instrumentation firm has a US owner whichis in
personnel. charge of its marketing (a leading provider of drug dis-
Only two of the firms had obtained some venture COVvery, genetic screening, and chemical analysis tools
funding as founding capital. Service firms accrue in- and instrumentation). The volume of the specific in-
come from their services and, despite being young, they strument production is not large and the SME is able
do not need large investments to pursue their businessto organise it through subcontractors. By contrast, the

activity. SME involved in industrial enzymes (genetic protein
modification and engineering) is very small (with a

4.1.5. Other staff of only three people) and only involved in de-

4.1.5.1. Food and feedThe table inAppendix Alists veloping innovations on a small scale. It has adopted

only two companies under biotechnology-related food this business strategy knowing that any other strategy
products. These two both operate in functional food would require a major input of venture funding, which
production. A service firm is also in the functional food it is not in the position to obtain on acceptable condi-
field. One of the two food firms carries out R&D to tions. The bioinformatics firm s fully integrated and, in
make product innovations in the functional food field addition to innovation development and marketing, is
and its business strategy is to out-license the discover-€ngaged in services. The development of software and
ies. It does, however, take the de\/e|opment up to the its marketing does not require major financial invest-
production stage and is therefore in need of venture ments, and therefore an integrated form of organisation
funding to finance the process. The other firm is in is possible.
a very narrow niche market for functional food, and ~ Finally is the drug delivery firm. Since it does not
has created a production organisation and markets itsdevelop the molecules itself, but the delivery technol-
products through a distributor. Both have patented their 09y, the process of developing innovative products and
basic inventions. taking them to market does not take as long as with a
In functional food’ the approva| System varies from drug diSCOVGry firm. Stl”, the prOdUCtS have to be tested
country to country. There is no joint European legisla- clinically. The firm is networked in many ways, i.e., it
tion on the matter. The way health-related claims are has a portfolio of ties to specific partners for certain ac-
treated in product appro\/a| differs among the Euro- tivities (POWE”, 199$ with university researchers for
pean states and between Europe and the USA. It ismore fundamental questions, with a research institute
easy for companies to launch new food products; how- 0On questions related to measurements and production
ever, substantiation of health claims may prove much technology, with a partner firm on medical molecules
more difficult. This is also a market which has widely to be delivered, with a supplier on manufacturing the
different potential demand in different countries, since device, and finally, with a partner firm on marketing.
conceptions concerning food are culturally conditioned As a part of the strategy, it considers the possibility of
and health concerns vary. It is not so much a question licensing out the IPRs for its basic innovation at a later
of acceptability, as in genetically modified food, but Stage.
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4.2. Backward networking

Since backward networking, in practice, collabora-
tion with universities, did not differ in different appli-
cation segments, this question is treated jointly for all
segments. With the exception of one firm, all the firms
collaborated with universities in R&D. The exception
was a consultancy firm for the commercialisation of
biotechnology innovations in a particular foreign mar-

563

researchers who have agreed to offer their inventions
with commercial potential to the company for commer-
cialisation. These networks are informal, though they
may also consist of the group of researchers who were
actively engaged in establishing the firm. In all cases,
the companies seek to secure the IPRs to the inven-
tions (either through ownership or exclusive licensing
rights) which they wish to develop further into com-
mercial products.

ket, a very specific businessidea having a niche market. There are also networks of university researchers
Again, only two firms relied on informal networking  with a formal function as members of an Advisory
without any formal arrangements. In practice, informal Board/Medical Advisory Board of the company. They
relations mean that the company monitors the develop- provide input to the research programme of the firmand
ments on the research front through the personal rela-help organise user trials or clinical testing of products.
tions of its personnel. One of these two was a one-man Being senior scientists, these members can influence
consultancy, and in the other university relations were purchasing policies in their home institutions and thus
established on the fact that the CEO owner was also acan be helpful in the eventual marketing of the end
university professor and through the research activities product. The Boards typically consist of both Finnish
of his colleagues and students was able to survey theand foreign members. Alongside scientific publications
developments. Once he found something interesting, and patenting, Advisory Boards are of significance in
he started to develop the ideas into practical applica- signalling to venture funding companies the potential
tions within the company. As to the rest, the relations (scientific) value of the company and its products.

were formal, or both formal and informal.
This is in accord with the findings dfiebeskind
et al. (1996)that the sourcing of new knowledge in

Several companies had obtained R&D funding from
the National Technology Agency (Tekes) at some
point in the past. Tekes does not provide risk fund-

biotechnology firms takes place through social net- ing like Sitra, a public venture fund, mentioned in
works. However, once there are research findings thatthe table inAppendix A Tekes provides two types
have potential commercial value, the firm makes formal of R&D funding: direct support or offers loans to the
contracts for the further development of the findings company for its development projects or funding for
into products. Thus, market arrangements are neededcompany—university collaborative projects. It does not
to guarantee the intellectual property for the commer- assume equity in firms even though it may offer eqg-
cial utilisation of the inventionZucker et al. (1998a)  uity loans to young firms. Company—university collab-
noted that because biotechnology discoveries are char-orative projects are typically coordinated by university
acterised by natural excludability, scientists who make (research institute) researchers, and provide companies
these discoveries do not give away the fruits of their with an opportunity to “peek” at the research front. Be-

intellectual labour to firms, but instead enter into con-
tractual arrangements with them.
According to this study, contracts are typically about

cause of the public funding, these consortia have formal
contracts and provide some of the formal relationships
which appear in the table ilppendix A

patenting and the utilisation of product innovations.

Product development is most often done in the cOm- g - £4ctors affecting the organisational form

pany. Usually, the ownership of the utilisation of the

invention is transferred to the company. The latter pays 5.1. Forward collaboration versus vertical

the patenting fees and makes an agreement with uni-jntegration

versity researchers on the division of potential future

royalties, sometimes also paying a fee immediately.  In accord withPisano (1991)the organisational
Another form of formal collaboration consists of con- structures in small biotechnology firms have become
tracting out specific studies or analyses to university diverse and hybrid. Many forms of organisation
institutes. In some cases, a company has a network ofco-exist in small biotechnology firms (dflangematin
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et al., 2003. These forms seem to be related to the nostics and biomaterials, the business strategies were
application segments of the firms. In drug discovery, different from those in drug discovery. In studies on
the forms of organisation were mostly based on biotechnology, the pharmaceuticals sector is typically
network solutions, i.e., alliances with large pharma- treated as one block, and it is an important finding
ceutical firms which develop the new products further. of this study that this is not the case. Firms in areas
In the other application segments, the degrees of other than drug discovery did not have to plan for an
networking versus vertical integration varied, though equally long and costly trial process before they could
firms in diagnostics, biomaterials, and services were obtain product approval. Consequently, these firms typ-
largely vertically integrated. Several firms used partly ically built their business around a strategy according
integrated, partly network solutions. to which they intended to manufacture their products
The study pointed to co-variance between the reg- themselves. These firms aimed at niche markets, or al-
ulatory approval systems in the application segment, ternatively, at conquering a small portion of big and
the effectiveness of the property rights protection highly competitive markets. The typical solution was
regimes, and form of organisation or strategy of a small anintegrated firm where the firm adopted not only man-
biotechnology firm. The strictness of the regulatory ufacturing but, in most cases, also marketing. There
system influences the overall costs of commercialising were, however, also mixed cases in which some of
inventions and thus affects the decisions of firms the functions had been subcontracted. In these applica-
to choose forward co-operation instead of vertical tion areas, the appropriability regimes are not quite as
integration. The costs of fulfilling the requirements of tight and they vary by the application sector. Follow-
the regulatory approval are highest in human health ing Teece (1986)f an innovation requires an extensive
products, and consequently, all the drug discovery amount of tacit knowledge and specialised assets, such
firms had adopted the business strategy of developingas in manufacturing, the firm can take time to build its
innovations and out-licensing the IPRs to their inven- own facilities and does not necessarily need to contract
tions to big pharmaceutical companies. An important out the function. An important difference with regard
precondition for this is a tight appropriability regime, to drug discovery is also the fact that even if a firm
that is, the innovators can benefit from their innovation did contract out some functions, such as manufactur-
through strong protection and the innovations can be ing or marketing, it maintained control of the different
codified in patentsTeece, 1986 functions, while in drug discovery the incumbent large
With regard to firm strategy, there were differences firms were responsible for the integration function and
concerning the stage at which the inventions were the small innovating firm obtained a front payment and
out-licensed, and the decisions firms made about this potential future royalties for the innovation. The firm
were largely affected by how cash-stripped the firms in charge of the integration function is the one that will
were to further develop the products. The later these reap most of the potential future returns.
were out-licensed, the more money the firm obtainedor  The importance of the application segment was
were to obtain for successful final products. Financial highlighted by the fact that companies that were both in
constraints may thus weaken the relative bargaining drug discovery and in diagnostics (chemicals, services)
power of small biotechnology firms and drive them applied different strategies for these two areas. In drug
to agree to less advantageous deals. This finding isdiscovery, firms followed the strategies of other drug
close to what has been written on bargaining power discovery firms, and in diagnostics, the pattern of more
and its effect on control rights in alliances between integrated firms.
small research firms and larger corporations, with the ~ On the basis of the study, it can also be inferred
exception that control rights were not examined in that the resources needed for and the ease of building
this study Lerner and Merges, 1998The firms did large-scale manufacturing facilities were related to the
actually make money on property rights (patents), choice of organisational form. When a product was ori-
since the property right regime was tight and the rights ented to very specific niche markets, in which volumes
well protected by patents. are not large, a company could more easily acquire the
In other application areas, even though these were resources needed for building the manufacturing fa-
often related to the pharmaceuticals sector, e.g., diag-cilities through venture funding. Hence, a firm would
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be more inclined to adopt vertical integration. Several are based on the innovations created and who employ
small firms outside drug discovery were developing staff trained in these established firms. These incum-
products for niche markets and could build their manu- bents have not, however, made contracts with small
facturing facilities. In human drugs, the type of markets innovative biotechnology firms for R&D development
varied, but many of the products under development or other functions, and are thus not benefiting from, or
were aimed at diseases with a large potential market. contributing to, the creation of network externalities.
The typical pattern was not to manufacture products  Table lillustrates how companies in different appli-
but to license out the IPRs to the innovations. One drug cation segments are situated in terms of the stringency
discovery company planned to take a niche market drug of the regulatory system and the size of their markets
up to the final product stage. Its plans were based on and subsequent need to build appropriate facilities.
the availability of foreign venture funding and of future Table 1does not give an example of a company
income to be obtained from out-licensing the IPRs in from the studied material with less stringent property
clinical phase lll. This was deemed possible because rights and mass markets, since there were none. How-
the volumes of sales in this very specific drug would ever, it provides a couple of potential exampieahle 1
be very small. summarises the fact that there is variety in the degrees
When compared with studies carried out in other of vertical integration and network solutions and that
countries (such as those BMangematin et al. (2003)  firms with large markets with both stringent and less
and Niosi (2003), the findings of this study may be stringent regulatory systems take on only one organ-
specific to a small country in a couple of respects. isational form while firms with small, niche markets
Aside from a few service segments, the domestic have mixed forms of organisation. The strategies can
markets are so small that most firms need to look be linked to both the demand for and the availability of
for clients abroad. Irrespective of their business funding as well as the tightness of the property rights
strategies, they have to be export-oriented. Further, regimes. When the regulatory requirements are strin-
in pharmaceuticals the domestic incumbents are few gentand the markets are large, which encourages build-
in number and relatively small. The pharmaceutical inglarge-scale facilities, the need for resources is great.
companies with sufficient resources to develop the Even though most studied firms had obtained venture
new innovative products of small biotechnology firms fundinginone form or another, itwasin most cases very
are typically large multinational companies. However, small, with the foreign venture funding firms provid-
some established national firms (food, chemicals, and ing the largest and the regional ones the smallest sums.
pharmaceuticals) did expand into biotechnology in the The limited resources of the domestic venture funding
1980s, but due to the recession of the early 1990s or for organisations constitute yet another feature specific to
other reasons, ended some of their activities in this sec-the Finnish context.
tor. This led to the establishment of small spin-off firms The stringency of the regulatory system seems
originating from the established firms, whose activities to coincide with the tightness of the appropriability

Table 1
Forms of organisation by stringency of the regulatory system and market size
Product markets Stringency of the regulatory system
More stringent Less stringent

Mass markets Organisational form basechetwork firm developing Vertically integrated firme.g., industrial enzymes,
innovations and out-licensing IPRs animal feed
Strong property rights regimee.g., drug discovery for From medium to strong property rights regirtre
common diseases examples in the data)

Niche markets Mixed organisational form Adased on developing Mixed organisational form Based on vertical
innovations, out-licensing IPR and manufacturing, integration; with some firms having partial forward
marketing network solutions
Strong property rights regime.g., drugs for niche From weak to medium strong property rights regime
markets (brain tumours, etc.) e.g., biomaterials, diagnostics, R&D and other services
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regimes, which suggests their co-development. This these functions. In the biotechnology firms examined in
can be understood in a way that if the resources this study, vertical integration was often resorted to in
invested in the product approval process are large, application segments outside drug discovery. Vertical
securing IPRs becomes more important than when this integration versus disintegration thus changed across
is not the case. We clearly need more research on IPRdifferent activity areas in which a firm was engaged,
systems and their functions in the various application but also over time.

segments in biotechnology. Overall, various degrees of network solutions, or
in the words ofPowell (1998) “a portfolio of ties

to specific partners for certain activities”, abounded.
However, practically all the individual ties studied
were bilateral, though a single company had many
bilateral ties or relations, usually based on formal con-
tracts, with a variety of partners. The only examples of
multilateral ties in the data were groups of researchers
who founded a particular firm or made an informal
agreement to use it as a vehicle for commercialising
their inventions. Our study proposes that among small
firms in biotechnology these ties are mainly vertical in
contrast to horizontal ones and between two partners
at a time rather than multilateral. The situation is
probably very different in other sectors such as ICT
where standardisation requires the formation of hori-
zontal collaboration and forums consisting of multiple
partners.

In the research literature, the term ‘network’ has
been used in yet another way, namely as an alternative
to the dichotomy of markets and hierarchies as forms
of economic organisation. According iilliamson
(1991) the network is a hybrid form within the market-
hierarchy continuum, whilé®owell (1990)proposed
that networks constitute a third form of economic or-
ganisation, one which emphasises “reciprocal patterns
6. What is a network company? of communication and exchange” (p. 300). Trust cre-

ated in such reciprocal relationships is an important

In the foregoing analysis, the meanings of network- means of avoiding opportunism inherent in uncertain
ing have been manifold: searching for new knowledge contracts. According to Powell, networks constitute
at universities through informal contacts, making for- organisational forms that are “more social—that is,
mal R&D contracts, subcontracting manufacturing or more dependent on relationships, mutual interests, and
marketing, subcontracting analyses/services, and out-reputation—as well as less guided by a formal structure
licensing IPRs to an innovation with varying degrees of authority” (Powell, 1990, p. 300 Contracting and
of R&D collaboration. It is common to all of them  property rights form the normative basis of the market
that some of the phases of the process from discov- type of organisation while employment relations char-
ery through product development and manufacturing acterise that of the hierarchi?¢well, 1990, p. 300
to marketing and the various processes in between have In further research on biotechnolodyebeskind et
been contracted out or done in agreement with anotheral. (1996)used the term of social network relation-
organisational entity. Itis thus a question of vertical dis- ships for relationships similar to those Powell anal-
integration. An alternative organisational arrangement ysed. The importance of informal networks in social
is a vertically integrated firm which is in charge of all and economic activity overall and trust created in such

5.2. Backward collaboration

The study confirmed previous findings about
the prevalence of university collaboration for small
biotechnology firms. Practically all companies collab-
orated and a large proportion of their partners were
domestic, many even from a local university. A lot of
the university collaboration, especially that related to
knowledge sourcing, was informal and it was possi-
ble to trace it back to old collegial networks. Thus,
this confirms the findings dfiebeskind et al. (1996)
that for new biotechnology firms, social networks are
vitally important for knowledge sourcing. The infor-
mal networks were, however, the basis on which more
formal contracts were negotiated. Formal contracting
turned out to be of vital importance for an undisputed
attribution of the ownership of immaterial rights or
the right to commercialise findings, which is in accord
with the findings oZucker et al. (1998a)rrespective
of whether the firm intended to manufacture the final
product itself or to out-license the IPRs, securing the
immaterial rights to the firm was the basis for any fur-
ther business transactions.
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networks has attracted a lot of attention in recent years to be found in reality, at least in biotechnology, where,
and has been coined social capital. because of long lead times, uncertainty and high risks,
Powell's schematic presentation of the three forms securing the immaterial rights plays such an important
of economic organisation of course exaggerates androle in the provision of value for the business.
highlights the essential features in each. In practice,
these features do not appear in pure forms, but in
varying mixes. Thus, when interpreting Powell’s term 7 conclusions
‘network’ as less formal structures in relationships, as
social relationships, or as contrasted with markets orhi- ~ This study examined the forms of organisation of
erarchies, ourdataamong SMEs in biotechnology show small biotechnology firms in terms of their vertical in-
that, aside from knowledge sourcing, where social net- tegration versus disintegration. It found that when the
works are the principal pattern of organisation—also application area had a stringent regulatory (product ap-
confirmed by Liebeskind et al. (1996)-'market’ proval) system, as in human drugs, and the products
arrangements are dominant in other contexts. ‘Market’ were aimed at large markets, the form of organisation
arrangements here mean being regulated by formaltended to be a network firm. With less stringent regu-
contracts. Even in university collaboration ‘market’ latory systems and niche markets, the form of organ-
arrangements become the rule when the commercialisation was more mixed or vertically integrated. The
value of new findings becomes apparent. This has data used in this study were based on a limited sample
been noted also biyowell et al. (1996andZucker et of firms interviewed, and thus we may pose the ques-
al. (1998a) Our data suggest further that in forward tion of the extent to which the findings are robust and

collaboration ‘market’ arrangements, that is, contracts

hold true for different samples of firms or for firms in

and licensing agreements, are central for organising different stages of maturity.

the relations between firms. In accord with thspra
and Gambardella (1994)ave argued that network
types of governance structures cannot do without
property rights and the mediation of contracting.

The findings of this study and earlier research thus
suggest that in collaboration among firms and uni-
versities and in firm-to-firm relationships, contractual
and formal relationships are an important foundation
for commercial activities. We may, however, presume
that in collaboration and alliances that are controlled
by formal contracts, informal social relationships
constitute the foundation on which formal contracts
and joint work is built. It is important to emphasise that
a minimum degree of trust is needed for concluding
contracts. Informal social relationships are, however,

First, the study is explorative and its findings are
tentative and need to be confirmed in other studies. Sec-
ond, it is to be noticed that, when faced with a given
situation, firms may indeed adopt different strategies.
This is evidenced by the finding that there was varia-
tion in the organisational form in the situation of less
stringent regulatory system and niche markets. Never-
theless, the constraints imposed on the firms by their
need of resources to develop their products and build
the facilities clearly affect their choices of organisa-
tional forms. Still, we may presume that a lot of what
has been said is valid particularly for firms in their early
stages of development. Their needs for resources are
most pressing at this stage when many of them still do
not make revenues, or if they do, these are not sufficient

a feature that is present in varying degrees, but the for their product development needs. We may assume
purely non-contractual organisation of a network is that in areas other than drug development, the more
a rarity in biotechnology. Thus, in Powell's sense, a mature the firm, the more often vertical integration is
‘network’ company is an ideal type, and as such, rarely adopted as an organisational form. Drug development
will probably remain a field in which few biotechnol-

3 Social capital has been equated with social networks and trust, 0gy firms will grow into big vertically integrated firms
and the normative rules and mutual expectations underlying collabo- simply because of the enormous costs this would entail
ration in social netwarksRuuskanen, 2001Dasgupta (2002on- and due to extremely heavy competition in the world-
siders social capital as a system of interpersonal networks (p. 35), . .
which are ameansto create trust needed in cooperation. Social capitaIWIde pharmageutlcal market. . . L

These findings have some policy implications. A

is needed to build up feasible co-operative relations and it is further _ ) : _
reinforced in co-operation. network firm not involved in manufacturing or market-
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ing will not have the same potential for quick growth research results, with few economic returns so far (see
as a vertically integrated firm, since it will not reap Luukkonen and Palmberg, 2004t is true that the sec-

all the potential economic returns to its innovations, if tor as a whole, even in other countries, is still in its
and when these turn out to be successful in the mar- early stages of maturity, but the possibilities to capture
kets (particularly if it is not in charge of the integra- economic returns may differ from country to country.
tion function). Further, if the network firm is an impor-  Finland lacks major industrial firms ready to take on
tant organisational form of firms in a high technology the large-scale industrialisation of biotechnology in-
area such as biotechnology, the location of the partner novations, and small biotechnology firms are looking
firms influences where major economic returns will for partners in other countries. This situation questions
accrue. When the majority of these firms are located the basic assumptions underlying the past policies in
abroad, as may be the case for a small country, major supporting and promoting the area, and it may turn out
economic returns will go elsewhere. As expressed by that the expectations, on which the policies have been
Teece, this highlights “the importance to innovating na- built, turn out to be unrealistic.

tions of maintaining competence and competitiveness
in the assets which complement technological inno-
vation, manufacturing being a case in poinTeéce,
1984 p. 304). If manufacturing and marketing assets  This paper is based on research which was funded
are situated outside the country, its economy may not by the National Technology Agency of Finland. | am
benefit from investments in R&D as much as in the greatly indebted to Simon Collinson, Aija Leiponen,
opposite case. This may turn out to be the case for Laura Paija, Christopher Palmberg, Jacqueline Senker,
Finland, where, since the late 1980s, research fund-and two anonymous referees for valuable comments
ing agencies have invested vast sums of public money on earlier versions of this paper, and to Anthony de
in biotechnology R&D and the commercialisation of Carvalho for help with the English language.
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Appendix A. Characterisation of the interviewed firms by application segment

Company Year Functions the firm has adopted Venture funding source Nature of Patents or
founded (based on actual or planned activities) university patent
collaboration applications

Drug discovery firms

A (drugs, diagnostics, 1984 Developing innovations/out-licensing National Venture Fund; Regional ~ Formal Yes
services) IPRs; manufacturing; marketing; services  Venture Fund
B (UK owner) 1993 Developing innovations/out-licensing Foreign Venture Fund; National Formal Yes
IPRs; manufacturing; marketing Venture Fund
C (animal drugs 1994 Developing innovations/out-licensing IPRs Formal; Yes
animal vaccines) informal
D (drugs, chemicals, 1996 Developing innovations/out-licensing National Venture Fund; Public Formal Yes
diagnostics) (US IPRs; manufacturing through a Venture Fund; Foreign Venture
owner) subcontractor; marketing (markets divided Fund
geographically with owner)
E 1996 Developing innovations/out-licensing IPRs National Venture Fund; Public Formal Yes
Venture Fund; IPO
F 1997 Developing innovations/out-licensing IPRs Public Venture Fund; National Formal; Yes
Venture Fund; Regional Fund; informal

Foreign Venture Fund

G 1997 Developing innovations/out-licensing IPRs Public Venture Fund; National Formal Yes
Venture Fund; Regional Venture
Fund; Foreign Venture Fund

H 1998 Developing innovations/out-licensing Public Venture Fund; National Formal Yes
IPRs; manufacturing semi-finished Venture Fund
products for other firms
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Appendix A Continued
Company Year Functions the firm has adopted (based on  Venture funding source Nature of Patents or
founded actual or planned activities) university patent ap-

collaboration plications

Diagnostic firms

A 1985 Manufacturing; marketing Formal; Yes
informal
B 1990 Manufacturing; marketing; import; Yes
services
1994 Manufacturing; marketing Formal Yes
D 1996 Manufacturing, partly through Regional Venture Fund Formal; Yes
subcontractors; marketing; services informal
E (US owner) 1996 Manufacturing; marketing National Venture Fund; Public ~ Formal Yes

Venture Fund

Biomaterials firms
A (US owner) 1985 Developing innovations/out-licensing Public Venture Fund; IPO Formal Yes
IPRs; manufacturing; owner markets

1995 Developing innovations/out-licensing IPRs Yes
1996 Developing innovations/out-licensing Public Venture Fund Formal Yes
IPRs; manufacturing; marketing
D 1997 Manufacturing; marketing National Venture Fund; Regional Formal; Yes
Venture Fund; Foreign Venture informal
Fund
E 1999 Developing innovations/out-licensing National Venture Fund; Foreign Formal Yes

IPRs; manufacturing (in future also brand  Venture Fund
manufacturing to others); marketing

Services
A 1995 Consulting; services Informal No
B 1997 Consulting; services No
C 1998 R&D services Public Venture Fund Formal; No
informal
D 2000 Services; manufacturing; also Formal; No
subcontracting to others; marketing informal
E 2000 R&D services Regional Venture Fund Formal No
Food and feed
A 1993 Manufacturing; marketing through Public Venture Fund; Regional Formal; Yes
subcontracting to distributors Venture Fund informal
B 1997 Developing innovations/out-licensing National Venture Fund Formal Yes
IPRs; test manufacturing through
subcontractors
Miscellaneous
A (instruments) (US 1994 Manufacturing through subcontractors; Public Venture Fund Informal Yes
owner 10%) marketing by the owner
B (enzymes) 1999 Developing innovations/out-licensing IPRs Formal Yes
C (bioinformatics) 2001 Manufacturing; marketing; services National Venture Fund Formal Yes
D (drug delivery) 2001 Developing innovations/out-licensing National Venture Fund; Public Formal; Yes
IPRs; manufacturing through Venture Fund informal
subcontracting; marketing through a
partner

National Venture Fund = private venture fund operating nationally; Regional Venture Fund = private venture fund operating regionally; Public
Venture Fund =public venture funding organisation operating nationally, in practice, Sitra. Sitra is an independent public fund under the
responsibility of the Finnish Parliament. Its operations are mainly financed through income from endowment investments and project finance.
Sitra has an important role in the development of business based on knowledge and know-how. Public equity investment for the start-up and
early stages of companies is concentrated in Sitra. Foreign Venture Fund = private venture fund based abroad. A firm may obtain funding from
several funds belonging to a class. In that case, it is only mentioned once.



570

References

Arora, A., Gambardella, A., 1994. The changing technology of
technological change: general and abstract knowledge and
the division of innovative labour. Research Policy 23, 523—
532.

Audretsch, D., Stephan, P.E., 1996. Company-scientist links: the
case of biotechnology. The American Economic Review 86,
641-652.

Dasgupta, P., 2002. Social capital and economic performance: ana-
lytics. In: Ostrom, E., Toh-Kyeong, A. (Eds.), Social Capital: A
Reader. Edward Elgar, Cheltemham, UK.

Hermans, R., Luukkonen, T., 2002. Findings of the ETLA survey on
Finnish biotechnology firms. Discussion Papers No. 819, ETLA,
The Research Institute of the Finnish Economy, Helsinki.

Lerner, J., Merges, R.P., 1998. The control of technology alliances:
an empirical analysis of the biotechnology industry. The Journal
of Industrial Economics XLVI, 125-155.

Levin, R.C., Klevorick, A.K., Nelson, R.R., Winter, S.G., 1987. Ap-
propriating the returns from industrial research and development.
Brookings Papers on Economic Activity 3, 783-831.

Liebeskind, J.P., Oliver, A.L., Zucker, L., Brewer, M., 1996. So-
cial networks, learning, and flexibility: sourcing scientific knowl-
edge in new biotechnology firms. Organizational Science 7, 428—
443.

Luukkonen, T., Palmberg, C., 2004. The different dynamics of the
biotechnology and ICT sectors—the case of Finland. In: Schum-
peter Conference 2004: Innovation, Industrial Dynamics and
Structural Transformation—Schumpeterian Legacies, Uniersit
Bocconi, Milan, 9-12 June 2004.

Mangematin, V., Lema#, S., Boissin, J.-P., Catherine, D., Corolleur,
F., Corolini, R., Trommetter, M., 2003. Development of SMEs
and heterogeneity of trajectories: the case of biotechnology in
France. Research Policy 32, 621-638.

Niosi, J., 2003. Alliances are not enough explaining rapid growth in
biotechnology firms. Research Policy 32, 737-750.

Pisano, G.P., 1991. The governance ofinnovation: vertical integration
and collaborative arrangements in the biotechnology industry.
Research Policy 20, 237-249.

Powell, W.W., 1990. Neither market not hierarchy: network forms
of organization. Research in Organizational Behaviour 12,
295-336.

Powell, W.W., 1996. Inter-organizational collaboration in the
biotechnology industry. Journal of Institutional and Theoretical
Economics 152, 197-215.

T. Luukkonen / Research Policy 34 (2005) 555-570

Powell, W.W., 1998. Learning from collaboration: knowledge and
networks in the biotechnology and pharmaceutical industries.
California Management Review 40 (3), 228-240.

Powell, W.W., Koput, K.W., Smith-Doerr, L., 1996. Interorganiza-
tional collaboration and the locus of innovation: networks of
learning in biotechnology. Administrative Science Quarterly 41,
116-145.

Powell, W.W., Koput, K.W., Smith-Doerr, L., Owen-Smith, J., 1999.
Network position and firm performance: organizational returns
to collaboration in the biotechnology industry. In: Andrews, S.,
Knoke, D. (Eds.), Networks in and Around Organizations. A
special volume in the series “Research in the Sociology of Orga-
nizations”. JAl Press, Greenwich, CT.

Ruuskanen, P., 2001. Sosiaalinéapma—Iasitteet, suuntaukset ja
mekanismit. VAT T-tutkimuksia 81, VATT, Helsinki.

Senker, J., Sharp, M., 1997. Organizational learning in cooperative
alliances: some case studies in biotechnology. Technology Anal-
ysis & Strategic Management 9 (1), 35-51.

Sharp, M., 1985. The new biotechnology: European governments in
search of a strategy. Sussex European Papers No. 15, Science
Policy Research Unit, Brighton.

Sharp, M., Senker, J., 1999. European biotechnology: learning and
catching-up. In: Gambardella, A., Malerba, F. (Eds.), The Organi-
zation of Economic Innovation in Europe. Cambridge University
Press, pp. 269-302.

Stephan, P., Audretsch, D., Hawkins, R., 2000. The knowledge pro-
duction function: lessons from biotechnology. International Jour-
nal of Technology Management 9 (1/2), 165-178.

Teece, D.J., 1986. Profiting from technological innovation: implica-
tions for integration, collaboration, licensing and public policy.
Research Policy 15, 285-305.

Williamson, O.E., 1991. Comparative economic organization: the
analysis of discrete structural alternatives. Administrative Sci-
ence Quarterly 36, 269-296.

Zucker, L.G., Darby, M.R., 1996. Star scientists and institutional
transformation: patterns of invention and innovation in the for-
mation of the biotechnology industry. Proceedings of the Na-
tional Academy of Sciences of the United States of America 93,
12709-12716.

Zucker, L.G., Darby, M.R., Armstrong, J., 1998a. Geographically
localized knowledge: spillovers or markets? Economic Inquiry
XXXVI, 65-86.

Zucker, L.G., Darby, M.R., Brewer, M.B., 1998b. Intellectual hu-
man capital and the birth of U.S. biotechnology enterprises. The
American Economic Review 88 (1), 290-306.



	Variability in organisational forms of biotechnology firms
	Introduction
	Networking and forms of organisation
	Research questions

	Data
	Findings by application segment
	Forward networking
	Drug discovery firms
	Diagnostic firms
	Biomaterials
	Services
	Other
	Food and feed
	Miscellaneous


	Backward networking

	Factors affecting the organisational form
	Forward collaboration versus vertical integration
	Backward collaboration

	What is a network company?
	Conclusions
	Characterisation of the interviewed firms by application segment
	Acknowledgements
	References


