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Abstract
Open Source Software (OSS) represent®pan innovation” paradigm based on knowledge
produced and shared by developers and users. Pee ipguires how OSS challenges the
three Teece’s building blocks. New findings fromaige survey of European software
companies, show that within the OSS paradigm: 85@an be a sustainable business model
even in the absence of aagpropriability; (i) complementary assetse distributed
collectively and made widely available without tieed for dedicated contractual
arrangements; (iii) a de facttominant desigmay stem from a community of

users/producers even independently of the presd#dnmawverful large companies.
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1. Introduction

When imitation is easy, profits from innovation nfeyw to imitators or firms that control
complementary assets, rather than to innovators.

In fact, integrating complementary assets via pedary rights may be exceedingly expensive
for innovators. On the other hand, negotiating wi¥ners of complementary assets may be
subject to high transaction costs, so that in titetee innovators may discover that the net
return is very low. In the analysis of Teece (19&&)rns from innovation depend on the
nature of complementary assets, the appropriabédgyme, and the stage in the evolutionary
developmenbf technological knowledge. In particular, undenditions of weak
appropriability and large complementary assetgthbbability to profit from innovation is
low.

In the period after Teece’s seminal paper one ®ptienomena that have raised the attention
of scholars is the emergence and stabilizationrava production paradigm within the
software industry which, apparently, operatéhoutappropriability, i.e. the Open Source
Software (OSS). Such dapen innovation” paradigm represents a disruptive process
innovation based on open knowledge cumulativelylpced and shared by developers and
users.

Appropriability regimes are formed by a mix betwdBRs and secrecy. IPRs may have
several legal definitions, but in all cases aregied and used in order to prevent
unauthorized use by competitors (notiorer€ludability. Industrial secrecy is a way to
protect internal knowledge.

In the case of OSS, on the contrary, we witnessiatic use of IPRs, in the form of
licensing, to obtain the widest possible use adrimfation, deliberatelpreventingexclusion
and secrecy. In OSS the code is available to ewvegyand can be used without restriction,

with the only limitation that any piece of softwaneluding open code must be released



according to the same rules, permitting circulatisih OSS circulates over the Internet with
attached licensing schemes, and the download of&a88&tes legally to approving the
licensing conditions.

Recently, however, it has been noted that a langeber of firms are profiting from OSS,
both large IT companies allocating part of theiellectual property to the community and
benefiting from interaction with it, and newly cted or transformed small software houses
adopting a business model centred on the providi@pen Source based products and
services (Bonaccorsi and Rossi, 2003; DahlandeMaghusson, 2005; Bonaccorsi et al.,
2006). But, how is it possible to profit in the ahse of any appropriability, i.e. under an
“open innovation” paradigm?

In this contest, the paper aims at inquiring hoew@8S meets the three Teece’s basic
building blocks. Specifically, we provide evidertbat

(i) Open Source can be a sustainable business rfaydbke software industry also in the
absence of angppropriability meaning that firms successfully stay on the madlkspite an
IPRs regime that favours, instead of forbidding, élccess to relevant information (Lerner
and Tirole, 2002b);

(i) Within the OSS paradigntomplementary assease distributed collectively, without a
concentrated ownership structure. It is the comiyuhat owns these assets ideanocratic
way (von Hippel, 2005), and make them availablénaut the need for dedicated contractual
arrangements, apart from standard (and hence ¢tbeate and reinforce) licensing
schemes;

(i) In the OSS paradigm the strength of the networkreslities shape the emergence of a
de factodominant desigstemming from a community of users/producers eadapendently

of the presence of powerful large companies



The empirical research is based on a large dataséB9 European software companies,
based on a field survey in five countries (Germ&pain, Italy, Finland and Portugal) carried
out during 2005, and designed in order to veriffedences between firms working with OSS
and with proprietary software.

The paper is organised as follows. In the nextigeaete sketch the state of the art on firms’
involvement in the Open Source field and disenthghwv the'open innovation” paradigm
calls for an updating of the Teece’s model. Sec8dfustrates data and methodology while
section 4 presents and discusses the empiricdtgeSection 5 summarises the main

conclusions of the paper.

2. How the “open innovation” paradigm calls for ugiihg the Teece’s model

Open Source software is now booming. More and rasegs are running open programs on
their systems; the Open Source Web server Apadeading the market, its market share is
around 70% while the Linux operating system isaesly threatening the MS Windows
supremacy. Furthermore, an increasing number afldpers is contributing code to the
projects of the OSS community (on Februarl) 2606 the largest Internet repository of Open
Source projects, SourceFotgeounted 112,895 registered projects and 1,24 tdgiStered
users).

Scholars agree (Dahlander and Magnusson, 2005;d¥r2006) that, due to its proven
track of technical quality (Raymond, 2001), coopigedy developed software has
progressively acquired economic importance. BorthénSeventies as a reaction to the
increasing monopoly power of large software comggrthe Open Source movement is now
deeply affecting the industrial dynamics in thetwafe industry (Demil and Lecocq, 2003).

Large incumbent firms like IBM, Hewlett Packard,@oag, and Sun Microsystems have

! http://lwww.sourceforge.net.



begun to release their code to the community (Wantm 2002; Hawkins, 2004) so than even
traditional commercial actors, such as Microsaf, g@uestioning their IPRS-based business
models (Seemayer and Matusow, 2005). Moreovericpéatly after the drawing up of the
Open Source Definition in 1998, many new softwarag have entered the industry,
engaging with open source and trying to profitinom traditional license fees but from other
software-related service®8S firmssee for instance Hecker, 1999).

Such an intriguing way of doing business out obinfation goods without relying on IPRs,
has gained a great interest by economic scholatsup to now, the research efforts have
focused mainly on the incentives of individual depers to take part in the movement or on
the engagement in Open Source activities by lanffevare houses. The entrance on the
market of firms adopting OSS-based business médals®lmost been neglected in so far.
The initial interest of the literature on OSS hasibto explain, using economic theory, the
motivations underlying the activity of programmaetgt allocate their time to Open Source
projects without a direct monetary reward (Lernsat &irole, 2002a; Ghosh et al., 2002).
While individual motivations may have several pialesexplanations (see for instance
Lerner and Tirole, 2001; Bitzer et al., 2004), sheevival and growth of OSS companies turns
out to be a more challenging issue. What the thearst be able to explain, in fact, is how to
avoid that providing valuable software to competit(@ue to the absence of appropriability)
may destroy the bases for profitability.

These new phenomena call for updating Teece’s frarleand putting it into a dynamic
perspective. In the following we will review ther¢le Teece’s bulding blocks and highlight as
the new software production mode based on thermdion commons (von Hippel, 2005)

supplied by the OSS community challenges and essielach of them.



2.1. Appropriability regimes

In the classical Teece’s model, innovators aremguended to strengthen the appropriability
conditions of innovation, in order to prevent ofagamitation and improve the bargaining
position with respect to external actors. A strpngdiction from this framework is that, in the
absence of appropriability, the flow of innovationa given industry will come to an end.
Imitators will benefit from no appropriability, burtnovators will receive no incentives to
invest. Innovation without appropriability is natstainable in the long run (Granstrand, 1999;
Towse and Holzhauer, 2002)

But how can OSS companies make profits without @gmpetbility? What prevents them from
creating imitators and destroying the bases forp=iitiveness?

The Open Source movement has taken the opposéigtidin, using in an original way
copyright protection (McGowan, 2001) in order toxiaize the circulation of innovations.
The alternative IPRs management of OSS has beee puadible by brilliant legal

inventions. First of all, Open Source licensesengyal and copyleft licenses in particular
have made it possible to profit from the absencappiropriability. Everyone is allowed to
download the code from the Internet and adaptfit teer customers needs, but no one is
allowed to close the code turning it into propnigt&uch a regime boost imitation behaviours
but forbid to take private advantages from the aodten by others. Copyleft licenses, in
particular, force the ones who customise a copdiesoftware to release the modifications
under the same copyleft license. Second, Open 8digemses arshrink-wrap the rights
attached to the software simply appbyeveryone to whom the software is redistributed
(Gomulkiewicz, 1999) without the nedal execution of an additional licenbg those parties
(Pearson, 2000). This makes the circulation of Opaurce software easier.

Basically, these innovations have made it possibiistain cooperation even in large groups,

contrary to the common held belief, drawn from tifalitional theory of private provision of



collective goods (PPCG), that only in small grodpsection of free-riders is possible
(Hardin, 1982). If the provision of collective gaoi reasonably expected, then an Open
innovation model might prove to be more efficigmdr a model based on private
appropriation of benefits.

2.2. Complementary assets

Teece’s theory of complementary assets is a thafargperfect markets. In competitive
markets, there is no reason for owners of assetartoprofits in excess to the marginal
contribution to the stream of profits from innoati

There are several reasons for these types of ieqierh. The first refers to classical
indivisibilities, or more generallyncreasing returnslf creating a large distribution network
is subject to indivisibility and there is almostwgation of capacity, then it is better to give
away part of the profits from innovation to the @wiof the network, rather than creating a
new one from scratch. Another sourceasitractual as classically described in the theories
of contractual incompleteness and transaction cosider conditions of uncertainty,
asymmetric information and imperfect knowledges difficult to negotiate in such a way
that each owner gets approximately his proportiothé marginal contribution to overall
profits from innovation. Innovators easily becoraekled-in with owners of complementary
assets and the latter can exploit their contractdeantage.

A more subtle issue is given by ttime dimensionsometimes the innovator cannot allocate
her (scarce) management time to secure complenyeagsets, because the opportunity costs
of delaying the introduction to the market are extely high. One solution is to appoint one
of the available alternative providers of completagnassets - rarely a move that delivers
maximum profits.

Over the last twenty years, technological advaintéST havedrastically reduced the cost of

accessing complementary asdetssoftware firms.



A classical example, mentioned by Teecdlistributionandlogistics Accessing a large
network of retail outlets, or serving a large numtieindustrial customers, providing the
adequate level of customer service, is clearly pmssue for innovators. The emergence of
the Internet as a potential distribution channels dramatically changed this picture (Choi
and Winston, 2000). New entrants in the softwadeistry can distribute programmes at low
cost and provide distance assistance (manual griBAQs, on-line and off-line help). They
can concentrate their business on face-to-facecgeinteraction, rather than on product
delivery. The Internet distribution structure igeneral purpose complementary asset and
firms have (almost) no transaction costs in acogssi

Another critical issue is complementagmoduct technologigs.e. procurement of
components and manufacturing. Innovators concemgrat a component cannot reap the
benefits from innovation if they have to integrateto a wider system, controlled by other
players. At the same time it is possible that #sk f integrating large technical systems
requires huge investments in absorptive capacigystem integration knowledge (Brusoni et
al., 2001). Here the main technological innovatias been in software engineering, with the
introduction of object-oriented programming andha notions of re-usability, libraries and
standard interfaces. These process technologiesdraatly increased the degree of
modularisation, or decomposability of software praig (Simon, 1967; Sanchez, 2000;
Langlois, 2002). Designing new applications doesonger require to conceive the whole
product architecture. It is possible to focus amitinovative effort while procuring the other
software modules on the market, with a reasonatgectation that the interfaces will work
smoothly.

This has substantially changed the cost structitieecsoftware industry. While in a
traditional software production mode, the costdtre is heavily geared towards front up and

fixed costs (Shapiro and Varian, 1999), leadingith levels of break even, the above



mentioned innovations allow companies to make dasgely variable, or at least to reduce
the level of the break even point. This is evenemomortant for OSS companies that do not
have to sustain the fixed cost of licensing prdpriesoftware.

Another important source édedbackor innovators is the after-sales service. Reogivi
comments from users is a major source of learmngany industries, particularly in durable
goods, but one which is clearly accessible onlatge firms. The emergence of professional
communities linked by common practical interestd able to communicate frequently and
cheaply has changed the role of this asset. Lamgarunities of software users and groups of
Open Source programmers provide a rich feedbadofiware bugs and limitations, greatly
improving the value of the final product. Debuggs®gvices are offered for free by the
community and this lowers considerably the coshobvation. The costs a firm has to bear in
order to receive feedbacks and contributions fleencommunity consist mainly of the
maintenance of a good reputation with the community

Finally, thepressure of timéloes not necessarily lead innovators to accephats with
incumbents and to sacrifice profits. Communicatiothe Internet is rapid and cheap. This
has several implications for product innovationsfireg the potential value of an innovation is
made rapidly and reliably, by opening a proposalria of the largest repositories (e.g. Source
Forge). Indeed, Lanzara and Morner (2003) showpgtarammers post a large number of
proposals daily, but most of them disappear affemadays, if no other programmers declare
an interest and join the proponent team. Alsotithe to market of a potential innovation can
be reduced by decomposing the overall architeatioesmaller sub-tasks that are allocated in
parallel to individuals or small teams on a worldevbasis. In this way, time-based
competition can be managed also by small companies.

Because of these innovations, innovators that . &® €an more reliably, cheaply and rapidly

reach the market. Within the OSS paradigm, comphtang assets are distributed



collectively, without a concentrated ownership stuee. It is the community that owns these
assets in democratiovay (von Hippel, 2005), and make them availabldeuit the need for
contractual arrangements, apart from standardtjande cheap to write and reinforce)
licensing schemes. Firms must gain the confidefhtieeocommunity by providing evidence
that they fully respect the rules defined by O8n&ing schemes and the non-written rules of
the OS movement (Osterloh et al, 2003). After itwest into these reputational costs, firms
may get access to all complementary assets witeuihg to negotiate on a repeated basis.
The OS licensing framework is a fundamental legabvation that has greatly reduced
transaction costs. Our data provide detailed eidem these issues.

2.3. Dominant design

The notion ofdominant desigstems from the research examining patterns imtdolical
changes and industrial innovation conducted dutegSeventies by Abernathy and
Utterback (1978). Starting from their seminal warlany authors have investigated the
effects of the establishment of a dominant desigimdustry dynamics (Smit and Pistorious,
1998), survival rate of the firms (Suarez and UWek, 1995), performances (Henderson and
Clark, 1990), and product standardisation (seéniance Jordan, 2001 for a survey of this
literature). The emergence of dominant design leas lised in Teece’s model as a prediction
for industry shake-out and consolidation, and hehegise of price competition and the
increasing difficulty for innovators to reap bemgfivithout coming to an agreement with
incumbents (and hence accepting lower profits).

Notwithstanding wide research effort, a clear-cfirdtion of dominant design is still

missing, being unclear the unit of analysis and the caiasabrs leading to its emergence
(Tushman and Murmann, 1998). Smit and Pistorio@9%§) have observed that the concept

may be studied both at the industry level, wheweise designs are competing for dominance,

2 A valuable definition is from Lee at al. (1998)dominant design is the distinctive way of prawiga generic
service or function that has achieved and maintitiee highest level of market acceptance and &igaificant
amount of time.
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and at the product level, where the dominant s&taifires and functionalities are determined
over the time.

Analysingdominant desigim software industry is even more challengingst-ias software
programs are complex assembled products formedibgus subsystems, dominant design is
mainly a matter of the product level. Second, imtesgence is not only the result of supply
and technological considerations but also of tiheatliand indirect network externalities (Katz
and Shapiro, 1985) at play on the demand side (8ah€94; Shy, 2001). Network effects
make the notion of dominant design strictly relatethe notion of standard (Varian and
Shapiro, 1999) as a leading role is played by fadike the number of users, compatibility
concerns, and expectations of potential adopteth@future size of the network (Cottrell,
1997).

The traditional theory of dominant design doestaké into account these network effects
and the possibility that a de facto standard cacréated not only by a powerful large
company, but also by a community of users or predtufvon Hippel, 1988). Nevertheless in
the software industry, network externalities hak@vpn to be crucial in shaping the
emergence of two opposite conditions: extreme aunagon in the segments of packaged
software and current programmes (e.g. office autimmamanagement systems, databases)
and extreme fragmentation in segments in whichotnet needs are highly variable and

customization is necessary (Torrisi, 1999).

3. Data and methodology

3.1. The sample

The ways in which the OSS business model challetigesaditional view about profiting
from innovation are investigated using a large skttan software companies (NACE code

72, computer and related activities), based oeld furvey in five European countries

11



(Finland, Germany, Italy, Portugal, and Spain).t&ured questionnaire was addressed to
partners and system administrators of a sampleftfare companies selected throwgh
random sampling procedure stratified accordingze and regions (NUTS2 level).
Respondents’ orientation towards OSS was not knovadvance. The questionnaire has
benefited from a long preparatory phase; it wasudised in depth with practitioners (pilot
testing) and pre-tested on 40 Spanish firms anitbi@n firms. It was administered by
phone, e-mail and through a dedicated Web site tGlaénumber of respondents was 918;
due to missing data the total number of usable arswas 769, with an average response
rate around 17%. Data refer to 2004. To the bestioknowledge, there are no published
surveys investigating software firms attitudes tmgaOSS at an international level.
Table 1 reports country and size characteristith@fespondents.

<insert table 1 about here>
The size distributions of the respondents, as nedday the number of employees, differ
across countries (p-value=0.000) and reflect thétras in the software sector at the national
level (see table A 1 in the appendix). German grehh firms are, in general, larger than
the others. Only 28% of them hire less than 10 eygas versus 62.22%, 90.95% and
63.27% for Finland, Italy and Portugal respectivélythe same time, there are more German
and Spanish firms hiring more than 500 employeds3¢%s and 2.50% respectively versus
1.48% for Finland and O for the others). Italiaim are by far the smallest on average.
Table 2 shows some descriptive statistics on fistrsictural characteristics. Cross-country
differences emerges with respect to year of fouaddp value = 0.000), share of graduate
personnel (p value = 0.000) and main customerseddry the firms (p value = 0.000). Other
structural characteristics discussed below in #ep do not significantly differ across
countries.

<insert table 2 about here>
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Respondents are usually young. In all the counttiesmajority of the firms (50.45%) are
born during the Nineties and the entry process sderoontinue at a fast pace; about 10%
have entered the market after 2002, 20.74% of itm@ish sample. As expected, given their
larger size, German companies are slightly older.

In all the countries but Italy and Portugal firnmiot a considerable share of graduate
personnel, this reaches more than 80% of totdlist#éiie case of Spain.

Respondents serve mainly business customers,arhcSMES, while very few refer to
University or end users. This is probably relatfirms’ size. In general targeting end users
requires highly standardised software products elievelopment fixed costs are
amortizable only in presence of large volumes td#sa

Data provide evidence that the offering of OSS tsmhs by commercial companies is a
widespread phenomenon; more than 30% of the fimtiseé sample are engaged in some
ways in OSS activities and 19 even provide onlyg Kind of softwarg(Pure Open Source
firms, POS¥ The remaining 236 companies mix at a differeseet the offering of
proprietary and open standards. Hence, for thegserpf our analysis a firm using the open
production mode only to a limited extent can haluytreated as a firm that relies mainly on
OSS. For this reason the next step will be thetifieation of homogeneous groups of firms.
3.2. Business models of the firms working with GSSQuster analysis approach
Heterogeneity in adoption of open standards igmWith the most recent literature on the
competition between open and proprietary standaitgredicts the possible emergence of a
long run equilibrium in which the two competing v@ologies coexist on the market (Dalle

and Jullien, 2003).

3 POSS firms have been singled out by combiningitwicators: the percentage of OSS products outef t
total, and the statement by firms about the typelgf solutions provided to customers. A firm isgly Open
Source if it states that all its products are O&Sekl and provides only Open Source solutionswbish noting
that the large majority of the POSS firms (73.6&##)efits also from additional sources of revenwesides the
offering of open programs, such as provision opgieal and editorial services. This seems to qoerdtie
viability of a business model entirely based onrogndards.
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Focusing on the micro-level, Bonaccorsi et al. @0tave explored the coexistence of the
two kinds of software within the offering portfolaf profit-oriented companies labelling such
a situation afiybrid business moddBasing on a survey on 146 Italian OSS firms,ahihors
have detected substantial heterogeneity in théegiaorientation towards the open software
(degree of opennesthat ranges from a pure OSS offering to the ojpdstic introduction of
few open solutions in a primarily proprietary franoek. While the latter strategy benefits
from the traditional IPRs-based source of reventinesformer one implies to solve how to
hold out on the market given the weak approprighiggime attached to the large majority of
their products. Otherwise, a stronger commitmer@$5 gives origin to closer relationships
with individual developers (Osterloh et al., 20@04)ose contributions lower the development
cost (Feller and Fitzgerald, 2002). Open Sourcensonity provides also a large amount of
free software-related services such as user-toassestance in the mailing lists (Lakhani and
von Hippel, 2003) or program documentation. As @aseguence, it appears clear that the
degree of openness affects the way in which adimoteeds in profiting from the new
software production paradigm.

In order to group the respondents according to t@nmitment on Open Source, we apply
the same methodology proposed by Bonaccorsi €2@06).

It is worth noting that firms adopting a businessdal entirely based on open code (Pure OSS
firms, POSS) form a stand alone cluster. Theirahds likely to be driven by the strong
ideological, community-oriented motivations of thigunders.

Hybrid firms are grouped through a hierarchicabtdu analysis using the Complete Linking
Method. The following variables, which are indie&tiof the business model adopted, were
considered in the analysis:

a. Percentage of OS turnover out of total turnoveyaar 2003 (OS_ TURNOVER). This is a

categorical variable whose definition is as follo@s= 0%, 1 = less than 10%; 2 = between
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10% and 30%; 3 = between 31% and 50%; 4 = betwg&nand 70%; 5 = between 71% and
90%; 6 = between 91% and 99%, 7 = 100%

b. Share of OS solutions (i.e. products and servioesdf the solutions supplied by the firm
overall (OS_SOLUTIONS)

c. Types of solutions offered (SOLUTIONS): mainly Oggource solutions
(SOLUTIONS=3), indifferently proprietary and Opeausce solutions (SOLUTIONS=2),

and mainly proprietary solutions (SOLUTIONS=1)

d. Intensity of use of the General Public License (GIRITENSITY) as measured by the
share of GPLed solutions out of the tokamely,we count both the licenses under which
firms distribute their software and the licenseshef products for which firms provide
services.

e. A dummy variable (MOTIVATION) capturing the attitad of the firms towards the
values of the Open Source community. The dummyabéeihas been defined on the basis of
a question about firms’ motivations to adopt an @@&Sed business model. A list of itéms
chosen in accordance with the literature, was peg@nd respondents had to single out their
top three incentive$ience MOTIVATION takes value 1 if the respondenésnoed that their
involvement in Open Source was driven by the dedifestering the diffusion of open
standards, and zero otherwise.

Since the five variables are correlated (see tatf2an the Appendix), a principal component
analysis (PCA) has been run in order to singletloeiimain drivers of the business model

choice and to derive the factors to be includethécluster analysis. Two components (PCA1

* The proposed items are as follows: Being indepeinfiiem the price and licensing policies of largéware
producers; exploiting the possibility Open Souraftvgare offers to be innovative while staying smad#ltisfying
private customers’ demands for Open Source Softveaigressing Public Administration customers, wi® a
moving towards the new open standards; gettingbi@eldand contributions from the Open Source comtpuni
lowering development costs exploiting the existBen Source code for new software solutions; ggiaotess
to products which are not available on the propriesoftware market; having better pricing optidiestering
the diffusion of the Open Source software; makiagmerships with other software firms that workhv@pen
Source software; entering markets that otherwisglavibe out of reach; making clear our own innowativ
contributions through source code accessibilitinking that the demand for Open Source softwagmiag
boom very soon and whishing to be ready for that.
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and PCA2) have been extracted from the data (bé=Aa3 in the Appendix). The first one is
strongly correlated to economic aspects like tlvemaes generate by open source or the
weight of the OSS solutions in the offering prafildéne second one is mainly related to
ideological concerns as the sample includes respuadhat have entered the OSS arena
mostly moved by the community-oriented motivatiofisheir partners.
However, our results highlight that GPL_INTENSIT¥sha positive coefficient in both
PCA1 and PCA2. Such finding is not surprising a&sitineritance property of the GPL makes
its choice driven by forces going behind merelatgigic considerations (Rosen, 2001;
McGowan, 2001). The inheritance property forceswawae who modifies a GPLed program
to release the modifications under the same liceolseme. As the GPL is the most
widespreatlOpen Source license, it is often an unavoidabtéceh However, the license has
a strong ideological connotation, its persisterarges the purpose of keeping the code open
preventing everyone to turn it into proprietary ithe&r and Tirole, 2002b). Hence its use
signals an agreement with the values of the Opemc8aommunity.
Cluster analysis revealed two well-characterizdgguoups (table 3 and table 4) that,
according to Bonaccorsi et al., we label as MorerOpource (MOSS) and Less Open Source
(LOSS) oriented firms.

<insert table 3 and table 4 about here>
With respect to MOSS firms, the LOSS ones havevaelshare of OSS solutions in their
offering portfolio, use less the GPL license, digplower percentages of OSS turnover, and
tend to offer mainly proprietary solutions. Onlyfef them declare they have entered the
Open Source arena in order to foster the diffusioopen standards.
Hence, the overall sample is now divided in fowougps showing a decreasing degree of

openness of the business model, that ranges flameaOSS (POSS firms) to a pure

® On February 172006, above 80% of the fifty most active SourcgEqurojects were released under the GPL,
a fairly similar result is in Lerner and Tirole (Zb).
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proprietary one (NOSS firms). Table 5 summarisediktribution of the four groups by
country and shows significant differences (Chi squast, pvalue = 0.000).

<insert table 5 about here>
The distribution of sample firms across the fowugps does not differ systematically across
countries in the case of Finland, Germany and ltahjle for Spain and Portugal the
proportion of NOSS is higher.
Significant differences across the four groups @®eas far as structural characteristics are
concerned (table 6).

<insert table 6 about here>
Firms with a higher degree of openness (POSS an88)@re smaller than the others (LOSS
and NOSS). Most of them are SMEs with less thaarifloyees (65.17%). However, this
result should be carefully evaluated since OSSdfiane younger than the others and this
might at least partially account for their sma#ieze. No correlation between firms’ age and
size is detected in the data (Pearson correlatefficient = 0.027, p value = 0.447),
suggesting an independent effect. This resulttey@sting, since it suggests a systematic
relation between conventional appropriability amovgh in size. Controlling for age, firms
based on OSS do not grow significantly. The upeemil to firm size lies around 50
employees, perhaps providing some evidence oroteef Open Source in contrasting the
tendency of the software industry towards concéintigShy, 2001; Shapiro and Varian,
1999).
Firms working with Open Source have entered thekataimly recently; the median year of
foundation is 2000 for MOSS firms and 2001 for PGi&8s. No significant difference
emerges instead in the year of Open Source adogtgaxpected, the large majority of the

OSS firms (83.56%) adopted the new paradigm dfeedtawing up of the Open Source
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Definition in 1998, explicitly aimed at conveninget Open Source movement and
commercial software companies.

All the firms target mainly SMEs, while OSS firm®m more for the public sector. Policy
makers, in fact, tend to encourage the use of sf@@rards by public bodies that then
increase their demand for open source software.

Finally, POSS and MOSS have more educated fouraet€mployees. This confirms that
the OSS paradigm capitalises on the ability of paogners to inspect the source code and
modify it, rather than just applying existing soéite. Proprietary software, on the contrary,
leverages on extensive and hierarchical divisiolalobur, leaving room for lower skilled

technicians.

4.Empirical results

In the following we will go through the Teece’s nebéddressing each building block
separately.

Appropriability regimes

The pilot study and the pre-test had suggestedrif@mation on profitability tend to be
considered as confidential; addressing this isseettly would have greatly reduced the
response rate. Therefore, as we do not have diataton profits, we had to tackle the topic of
sustainability indirectly.

As already argued, firms can profit even underuheonventional IPRs regime of the OSS
paradigm. First of all, we examine the turnovereggated by OSS. It emerges that the share of
OSS turnover out of the total turnover increases time. Table 7 summarises the
distribution of OSS turnover in 2000 and 28aBe Wilcoxon signed-rank test shows that the

median classes of the two variables are diffenema{ue = 0.000). With respect to 2000, in

® Firms established after 2001 were asked for thpen Source turnover in their first year of lifeilgHirms
established after 2003 were asked for their Opemc®aurnover in the last year.
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2003 there are less firms in the two lowest claaselsmore firms in all the other ones;
48.63% have shifted up of at least one class, 4bA@ve remained in the same class and
only 6.27% have shifted down. In three years, #regntage of respondents whose OSS
turnover is above 50% has raised from 17.25% té25.while those who work with OSS
without generating revenues out of it have decieké&een 33.33% to 10.98%.

<insert table 7 about here>
Growth of the OSS revenues takes place independaifirms’ degree of openness. As
expected (although figures are not reported fostie of space constraints), more OSS-
oriented firms have a higher OSS turnover bothd@®and 2003 (Kruskal Wallis test, p
value = 0.000) but no significant difference emergs for as changes in classes are
concerned (Kruskal Wallis test, p value = 0.170)hé OSS business model were not
sustainable, we would not observe such an increase.
Second, we examine the orientation of firms towangisropriability. Interestingly, data show
that, on a subjective basis, OSS firms do not cenghe lack of appropriability as an
obstacle to profitabilittanddo notconsider appropriability as a crucial requirenfent
innovation.
The questionnaire collected subjective evaluatamnthe roles that patents and licenses play
at the firm level and for the software industrygieneral. The importance attached by firms to
patents as an instrument for increasing revenueféan measured on a Likert scale ranging
from 1 (hot at all importantto 5 very importan). All the respondents ticked low scores; the
median score is 1 while 3 is the"7percentile. As expected, firms working only with
proprietary software attach more importance tomatthan those involved in Open Source

(Kruskal Wallis test, p value = 0.000).

" Data on firms’ evaluation of IPRs are not avaiafur Spanish firms
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Firms’ assessment on the role played by pateriteisoftware industry is summarised in
table 8. Most respondents agree that patents atky 62.55%), do not constitute a valid
barrier to entry (71.70%), need a too long legatpdure (68.81%). Less respondents think
that patents reduce information costs on innovat{@.85%) and such an effect is not
compensated by the capacity of providing incentteasnovators (only 32.09%). Not only
OSS firms but even the majority of proprietary ohase stated that patents do not promote
innovation; MOSS and LOSS firms agree that theynenamper innovation.

<insert table 8 about here>
These results are in line with the literature clagrthat patents increase the cost of
innovations while the impact on the expected reesrmuay be dubious (Levin et al., 1987,
Mansfield et al., 1981). The issue of the actufitiehcy of intellectual property rights in
promoting creativity is even more heavily debategbfar as information goods are concerned
(Lessig, 2002; Wynants and Cornelis, 2005). In ganéhe software industry has followed
(at least in the USA) the policy recommendatiosttengthen the appropriability regime, and
in recent times the notion of software patentapilireviously excluded by patent offices, has
been introduced. Latest evidence shows that treagthening does not necessarily benefit
innovation processes (Hall, 2004; Blind et al., 20Mowever, software technology has a
sequential nature, as each innovator heavily relethe achievements of previous
innovators. As a consequence, negotiating IPRslolagral or multilateral basis (i.e. patent
pools), may be exceedingly expensive. Consideratidrime-based competition may also
have a role: in rapidly moving markets (es. multimag competitors may prefer weaker
appropriability in order to avoid legal costs arehéfit from each others’ innovations, relying
more on speed as a competitive weapon (Teece 0all).
Results on licenses (table 9) complement the foglabove. In general, respondents have a

more positive attitudes towards licenses than paté&nce again, the importance for firms’
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revenues was measured on a Likert scale ranging Irto 5. Most of the respondents choose
high scores, the median is 4 while th& P&rcentile is 5. MOSS firms have attributed
significant lower scores than LOSS (Kruskal Watdist, p value= 0.002) and NOSS ones
(Kruskal Wallis test, p value= 0.000).

<insert table 9 about here>
This is not surprising; Open Source licenses apoitant for the very survival of the
movements as they serve the purpose of keepingptieopen by preventing everybody to
turning it into proprietary. Otherwise, in this fmawork they are no more a source of
revenues, as the Open Source definition explisithyes thathe license shall not require a
royalty or other fee for [software] salélence companies working mainly with OSS attach
them less importance than the others.
The answering patterns of the questions dealinky thi¢ role of licenses in the software
industry are consistent with the previous findi(igble 9). The percentage of respondents
agreeing that licenses are an appropriate meara€eting products and recovering R&D
investments is decreasing with the degree of openfieom 54.59% to 22.45%, and from
59.19% to 36.73%, respectively). No significanfetiénces emerge as for as the perception
of the role of licenses in creating networks afnfirand constraining versioning are concerned
(Fisher Exact test, p value = 0.733 and p value58@) respectively).
Firms’ assessment on the role played by pateritseisoftware industry is summarised in
table 8. Most respondents agree that patents atly ¢62.55%), do not constitute a valid
barrier to entry (71.70%), need a too long legatpdure (68.81%). Less respondents think
that patents reduce information costs on innovat{@.85%) and such an effect is not
compensated by the capacity of providing incentteaanovators (only 32.09%). Not only
OSS firms but even the majority of proprietary ohasge stated that patents do not promote

innovation; MOSS and LOSS firms agree that theynéhaamper innovation.
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Complementary assets
In presence of significant costs for accessing dempntary assets — such as distribution,
after sale service or logistic - firms tend to cemitate on a few business lines. As we found
evidence that companies working with OSS diveraibng several dimensions, adopting a
sort ofa contrarioargument, we infer that tfepen innovation” paradigm smooth the role
of such an issue.
Compared with NOSS firms, companies that have adojhie Open Source paradigm have a
broaderproduct portfolio, as measured by the number ofipct aredsin which the firms are
active (see table 10). The largest differencesrteyDSS firms and NOSS and LOSS ones,
but a significant difference emerges also betwe@8% and NOSS companies (Kruskal
Wallis test, p value = 0.000). It is worth notirat the widthof the products portfolio is not
correlated with firms’ size (Pearson’s correlatomefficient = 0.068, p value = 0.057) and it
is slightly negatively correlated with firms’ agedarson’s correlation index = -0.123, p value
= 0.000). No significant correlation emerges with variable measuring the period after the
first adoption of OSS. Fairly similar results atganed as far as the number of OSS products
is concerned. Interestingly, firms taking parthie project of the OSS community offer on
average more products (9.02 vs. 6.64, Anova Fetesiue= 0.000).

<insert table 10 about here>
Table 11 specifies firms’ presence in the 18 prodategories. The majority of the firms
working with proprietary software are active maimymanagement and data management
software while no other applications involve mdrart one third of them. The number of
supplied products increases with the degree ofrogss) more than 40% of the LOSS firms
are active in ten areas that become 14 in cased®and POSS firms

<insert table 11 about here>

® The 18 product areas have been defined and fustassified on the basis of extensive discussiatis w
practitioners.
° Even looking at the four classes (S, N, W, Ohieeges that OSS firms diversify more than NOSS .ones
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Similar results are obtained when considering cemgeintary software services (table 12 and
13). Compared with NOSS, OSS providerecomplementary services to customers, as
measured using a detailed taxonomy built makingregice to the literature on the topic
(Wichmann, 2002). This corroborates the hypothésisthe increase in the number of
product supplied is made possible by the explaoitatif the open knowledge base created by
the community of developers.

As POSS and MOSS firms are smaller than otherg (theeximum size being 57 employees),
the ability of OSS employees to provide a largeyeanf products and services is unarguably
higher. Given the nature of software solutionsirtiepply implies multi-faceted
competencies (marketing, customisation, adaptainmhsupport along their life cycle).

How would this large deployment of capabilitiespaessible if, for each line of business, OSS
firms would be forced to acquire and/or negotiaterccomplementary assets? Necessarily,
their cost should be minimal.

As the“open innovation” paradigm remarkably reduces the cost of accessioglkedge, a
new business model does emerge, in which fixeddosfproducts and services are trivial,
costs for complementary assets are negligibleffdtts go to customization, and hence to
variable costs. Such a model has intrinsicallyrg \@v break even point, allowing small

firms to prosper.

Dominant design

Table 11 provide evidence that while proprietarsn8 (NOSS) are active mainly in segments
in which a dominant design has already emergedpeaaras within théopen innovation”
paradigm do not limit themselves to standardisedypects but have entered also in segments
in which a strong market leader does not still exwleed, NOSS are mainly active in Office

Automation, Management Software and Database $akitWith over a 90% market share,
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Microsoft Office is the incumbent application suiteOffice Automation, while SAP is the
market leader in Management and Data Managememiaret

On the contrary OSS firms are strongly active aldess mature segments, such as Antivirus,
Antispam, Firewall and Security Appliances, e-conoresolutions, Content Management
Systems, where a dominant design has not emergeflsya matter of fact, in the Antivirus
segment 24 companies are competing for leadinghtdr&et and the worldwide leader, Trend
Micro, has a market share of 33% (IDC, 2002; WiGteen Research, 2004). The same
happens in Antispam that is characterised by lowidreto entry (IDC, 2004) or in Firewall
and Security Appliances where Cisco, Juniper, aokidNremain the top three vendors but
account for less than 50% of the market (IDC, 2006 market for e-commerce Solutions is
not dissimilar, as traditional proprietary softwammpanies are challenged by OScommerce,
while in Content Management Systems the three mé&ders (IBM, FileNet and
Documentum/ECM) reach only the 40.3% (Gartner Datat] 2004).

Moreover, OSS firms are very active in segmentshich the emergence of a dominant
design resulted from the existence of a wide comiyafh users/producers, even in the
absence of a large incumbent. This is the cadeeof\pache Web server, which is now

leading the market (with a share of 68.01%, Netdh&b server survey, Febraury 2006).

5. Conclusions

The paper discusses under which conditions (teclgypimarket, competition) the open
model of innovation can be sustained in the lomg(Thesbrough, 2003). Specifically,
evidence is provided on how thgpen innovation” paradigm challenges the three building
blocks of the Teece’s model calling for their upaigt

Although weakening the appropriability regime, #umption of an Open Source-based

business model allows firms to survive, grow, aravjae a larger and more customized
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range of software solutions. However, as OSS rexdagsts for accessing complementary
assets, firms are not forced to specialize in agesduct niches and may prosper even in
segments where a dominant design has not emerged ye

Advances in production and distribution processiisimvthe software industry, coupled with
the new opportunities made available by the OS&qienon, may allow firms to overcome
some of the main difficulties in profiting from tinénnovation.

Contrary to common wisdom, OSS firms calibrate rtleigree of opennessd maintain a
mixed product and service portfolio (Bonaccorsi dradssi, 2006). Firms’ Open Source
activities are of importance also in the contexpoblic policy (FLOSS Final Report, 2002).
Indeed, one could wonder whether firms producestiaally optimal amount of OSS, just
like economics asks whether firms engage in a Bpag@timal amount of basic research.
Even if one comes to the conclusion that this arh@isub-optimal, one has to take firms’
behaviour into account when designing policy measuntended to foster the use of Open
Source software.

With the increasing acceptance of software patémits potential problem is likely to get
more attention. Bessel and Maskin (2000) reportiabalecrease in R&D investments and in
productivity of the American software branch attez explicit introduction of software
patents.

The goals of IPRs in software industry are the sasi@ other industries: promoting
innovation and disseminate knowledge but pecuksrivf the software good, namely
sequentiality (Bessel and Maskin, 2000), networtemalities (Katz and Shapiro, 1986), and
interoperability (Farrell and Saloner, 1992), shdpedebate about their definition (Dalle and
Kott, 2002).

Profiting from innovation is difficult. In some o&s profiting from open innovation is more

effective.
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TABLES

Table 1: Country and size distribution of sampten§

SIZE? Anova F-test
COUNTRY N Min. Max Mean Std. Dev. p50 p75 pop  p-value

Finland 134 1 640 31.03 77.41 7 18 200

Germany 92 1 1400 82.72 203.20 21 55 528

Italy 243 1 140 5.87 12.46 3 6 18 0.000
Portugal 98 1 380 15.82 40.24 7 13 61 '

Spain 200 1 1300 66.80 169.26 17 42 302

Total 767 1 1400 36.64 120.40 8 20 16Q

& Two outlier values have been detected in the viiSIZE and excluded from the analysis.

Table 2: Structural characteristics of sample firms

YEAR OF FOUNDATION SKILES MAIN CUSTOMERS
Kruskal- ) sgg.;re
N Min Max p50 p75 p95 V\tl:g;s Mean  Std. Dev. 'A:T;\g? SMEs I';Ie::gg Universities ngtll;cr uEsl;?s Others test

COUNTRY p-value value
Finland 135( 1968 2004 1997 2001 2004 61.02 33.16 349.637.04 2.96 8.15 0.74 1.48
Germany 93 1968 2004 1992 1998 2001 50.19 32.12 1645. 41.94 1.08 7.53 2.15 2.15
Italy 243 | 1971 2004 1994 1998 2002 0.000 32.30 37.93 0.000 66.616.87 1.65 10.29 2.88 1.65 0.000
Portugal 98 1979 2004 1995 2000 2004 36.67 31.07 3969. 20.41 0.00 7.14 2.04 1.02
Spain 200| 1971 2004 1994 1999 2003 83.03 27.99 63.00 21.00 0.50 9.50 1.50 4.50
Total 769 | 1968 2004 1994 1998 2003 53.26 38.86 4760. 24.97 1.30 8.97 1.95 2.34

& The variable SKILLS refers to the share of gradymrsonnel, data on skills are available onlydmsubset of respondents
(N=682).

Table 3: Clusters’ characteristics, continuous adles

More OSS Oriented Less OSS Oriented | Anova F-
Variable MOSS (N= 70) LOSS(N= 166) test
p-value
Mean St. deV. Mean St. deV.
Share of OSS solutions out of the overall solutisugplied 96.56 7.11 85.29 15.97 0.000
Intensity of GPL use 81.33 30.18 49.78 40.09 0.007
Principal component 1 1.54 0.64 -0.65 0.92 0.000
Principal component 2 0.17 1.32 -0.07 0.83 0.088

Table 4: Clusters’ characteristics, categorical apitdary variables

Attitudes towards the values of the OSS

Percentage of OSS turnover Typology of solutsumplied community
Mann- ;
. Chi-square .
N | Min Max ps0 p75 pos|“MY| Min Max ps0 p75 po5|  test NO  YES Ch';ﬂ/‘ﬂg test
Cluster p-value p-value
MOSS| 70| O 7 2 5 7 1 3 1 2 2 71.43 28.5)
0.000 0.000 0.000
LOSS | 164 O 6 1 1 3 1 3 1 1 3 92.17 7.83

33



Table 5: Country distribution of the four groups

Country POSS MOSS LOSS NOSS Total
2 15 40 78 135
Finland 1.48 11.11 29.63 57.78 100
oS3 2143 241 . 1518 | . 1756
0 9 27 57 93
Germany 0 9.68 29.03 61.29 100
O 1286 1627 1109 | 1209
6 22 63 152 243
Italy 2.47 9.05 25.93 62.55 100
..3188 3143 3195 .. 2957 | ....316
0 3 12 83 98
Portugal 0 3.06 12.24 84.69 100
0 4.29 7.23 16.15 12.74
"""""""""""""""" 1 22 24 144 | 200
Spain 5.5 10.5 12.0 72.0 100
57.89 30 14.46 28.02 26.01
19 70 166 514 769
Total 2.47 9.1 21.59 66.84 100
100 100 100 100 100
Table 6: Clusters’ structural characteristics
SIZE YEAR YEAR OF OSS ADOPTION
Anova Kruskal- Kruskal-
Cluster| Min  Max Mean Std. Dev F'ptfeSt Min Max p50 p75 pos V\t’:!;s Min Max p50 p75 pos V\t’:!;s
value p-value p-value
POSS| 1 22 574 5.21 1992004 2001 2003 2004 1991 2004 2002 2003 2004
MOSS| 1 57 9.83 11.60 1979004 2000 2002 2004 1985 2004 2000 2003 2004
0.0037 0.000 0.403
LOSS 1 140063.41 210.44 1968 2004 1997 2000 2004 1992 2004 2001 2003 2004
NOSS| 1 800 32.83 84.29 1968 2004 1993 1997 2001 - - - - -
& Two outlier values have been detected in the vEiSIZE and excluded from the analysis.
bData on the year of Open Source adoption are aftglanly for a subset of respondents (N=146).
Clusters’ structural characteristics (continued
SKILLS MAIN CUSTOMERS
. Anova Large . Public End Krugkal-
Cluster | Min Max Mean Std.Dev.F-test | SMEs _. Univ Others{ Wallis test
p-value Firms sector users p-value
POSS 0 100 68.03 34.24 73.68 10.53 5.26 10.53 0.00.00
MOSS 0 100 60.65 35.83 0.077 54.29 20.00 1.43 20.00 0.0@.29 0.000
LOSS 0 100 54.62 3821 49.40 30.12 3.01 12.05 3.02.41 '
NOSS 0 100 51.26 39.46 64.40 2451 0.58 6.42 1.95 2.14
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Table 7: Distribution of the OSS turnover in 206@2003

Year 2000 Year 2003
Share of turnover generated by OSS N % N %
0% 85 33.33 28 10.98
<10% 77 30.2 72 28.24
10% - 30% 42 16.47 60 23.53
31% - 50% 7 2.75 30 11.76
51% - 70% 10 3.92 19 7.45
71%- 90% 10 3.92 17 6.67
91%and 99% 14 5.49 18 7.06
100% 10 3.92 11 4.31
TOTAL 255 100 255 100
Table 8: Firms’ assessment on patents
YES (%)
We think that patents®.. MOSS LOSS NOS$ TOTALFiShs_rVZTSgt test
N=49 N=142 N=370| N=561
1| Promote innovation 4.08 27.46 37.57 32.09 0.000
2| Hamper innovation 73.47 52.82 34.86 42.78 0.000
3| Do not prevent our potential competitors to ertterrarket 7135 75.35 67.35| 71.70 0.581
4 | Need a too long legal procedure 87.76 69.72 65.95 68.81 0.030
5| Are costly 81.63  76.06 70.00 72.55 0.166
6 | Constraint versioning 61.22 50.70 35.41 41.53 0.001
7| Provide information about innovations and produstelopment by other firms 18.37  28.87 25.68 25.85 .059

@ Possible answers: YES, NO; MAYBE. Few firms ch&¥ BE and this justifies the use of a Fisher exeasit

Table 9: Firms’ assessment on licenses

YES (%) )
We think that licenses’.. MOSS LOSS NOSS Tota Flshs_rveaﬁgt test
N =49 N =142 N=370(N =561
1| Contribute notably to the sales of our products 22.443.66 54.59 49.02 0.000
2 | Require complex contractual agreements 28.57 29.583.921| 22.46 0.021
3| Constraint versioning 2245 1761 12.97 14.97 0.351
4 | Make us dependent on our supplier licensors 34.6B.664 39.46 40.11 0.586
5| Help us to control our products 36.73 65.49 67.830 4.1% 0.000
6 El:gs\}liél;éworks of firms with which we share a commo 2857 2958 3216/ 31.14 0.733
7 | Help us to recover our R&D investments 36.73 54.939.1% | 56.15 0.013

P Possible answers: YES, NO; MAYBE. Few firms chd&¥ BE and this justifies the use of a Fisher &xac

test.
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Table 10: Number of product categories supplieditnys

Cluster N Min Max Mean p50 p75 p95 Std. Dev. An;_\\//aalllj-etest
POSS 19 3 18 9.10 8 13 17 3.77
MOSS 70 0 18 9.17 10 14 18 5.46 0.000
LOSS 166 0 18 6.72 5 11 17 5.28 '
NOSS 514 0 18 4.82 3 8 12 4.55
TOTAL 769 0 18 5.65 4 10 16 4.99
Table 11: Firms’ offering in the 18 products cateige
NOSS LOSS MOSS POSS TOTAL
ID | Classe$ Product category N 514 N 166 N 70 N 19 N 769
N % N % N % N % N %
1 S Web servers 163 31.41 93 56/02 51 7286 11 95788 41.35
2 S Other kinds of servers 153 29.y7 73 4398 47.1467 11 57.89] 284 36.93
3 N Back up Systems 146 2840 57 3434 40 57.14 1635 253 32.90
4 N Firewall 135 26.26 73 4398 39 5571 8 42|115233.16
5 N Antispam 117 22.7¢ 69 4187 39 5571 8 42113 230.30
6 N Antivirus 130 25.29 68 4096 37 52.86 7 3684422 31.47
7 N User and Identity Management 123 2393 53 3183 50.00| 10 52.63 221 28.74
8 w E-mail Client 133 2588 63 3795 40 57.14 10 682.246 31.99
9 w Instant Messaging 82 1595 43 2590 28 40.00 5I.89| 164 21.33
10 w Web Browser 37 720 38 2289 22 3143 3 15.790 113.00
11 w Digital Signature Systems 41 798 28 16|87 1IB.57| 6 3158 88 11.44
12 W Content Management System 127 2471 73 4B.98 k29| 12 63.1 257 33.42
13 w E-commerce solutions 150 29.18 70 4217 382%4.10 52.63] 268 34.85
14 w E-learning Tools 63 1226 39 2349 27 3857 B263| 139 18.08
15 (0] Management Software 333 64./9 84 5(0.60 38 954P3 68.42| 468 60.86
16 0] Data Management Software 274 53|31 82 4940 @286| 16 84.21 416 54.10
17 (0] Workflow Systems 130 25.29 42 2580 25 357D 52.63| 207 26.92
18 (0] Office Automation Packages 140 2724 67 40.38 4857| 7 36.84 248 32.25

% Products have been grouped as follows. S: servedymsts, N: network infrastructure products; W: Web
products; O: Other kind of products

Table 12: Number of service categories suppliefirinys

Cluster N Min Max Mean p50 p75 p95 Std. Dev Anr?_\\//aalllzj-etest
POSS 19 4 11 8.58 9 11 11 2.06

MOSS 70 0 11 9.09 10 11 11 2.17 0.000
LOSS 166 0 11 7.61 10 11 2.73

NOSS 514 0 11 7.44 8 10 11 2.73

TOTAL 769 0 11 7.65 8 10 11 2.71
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Table 13: Firms’ offering in the 11 service cateigsr

NOSS LOSS MOSS POS$ TOTAL

ID Software related services N 514 N 166 N 70 N 19 N 769

N % N % N % N % N %
1 | Consultancy 459 89.30| 152 91.57{67 95.71| 18 94.74| 696 90.51
2 | Integration 384 74.71| 137 82.53|66 94.29| 18 94.74| 605 78.67
3 | Installation 409 79.57|124 74.70|62 88.57|16 84.21| 611 79.45
4 | Assistance 439 85.41|133 80.12| 67 95.71| 17 89.47| 656 85.31
5 | Maintenance 431 83.85|135 81.33| 66 94.29| 15 78.95| 647 84.14
6 | System Management 242 47.08| 83 50.0047 67.14|11 57.89| 383 49.80
7 | Training 368 71.60| 110 66.27|54 77.14|10 52.63| 542 70.48
8 | Application Management 232 45.14| 67 40.3640 57.14| 10 52.63| 349 45.38
9 | Adapting codes written by others to suit cust@meeeds | 219 42.61| 99 59.64 54 77.14|17 89.47|389 50.59
10| On order software development from the scratch 356 69.26|129 77.71/62 88.57|14 73.68|561 72.95
11| Generating documentation 285 55.45| 95 57.23 51 72.86| 17 89.47| 448 58.26
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APPENDIX

Table A 1: Population (EUROSTAT 2003) and sampie distribution of firms in NACE code 72

FINLAND GERMANY ITALY
SIZE | POP. SAMPLE POP. SAMPLE POP. SAMPLE
N % N % N % N % N % N %
<10 3805 89.19 71 52.59| 37 31488.52 17 18.28| 79 32694.38 202 83.13
10-19 203 4.76 30 2222 2525 5.99 23 24|73 292148 3 28 11.52
20-49 142 3.33 17 1259 1478 351 26 27196 116038 1 11 453
50-249 | 101 2.37 12 8.89 699 1.66 17 18,28 537 064 2 0.82
>250 15 0.35 5 3.70 138 0.35 10 10.75 106 0.13 0 0 0.0
TOTAL | 4 266 100.00 135 100.00 42 154 100.00 93 100.00| 84 050 100.00 243 100.00
Table A 1, continued
PORTUGAL SPAIN TOTAL
POP. SAMPLE POP. SAMPLE POP. SAMPLE
N % N % N % N % N % N %
2533 90.37 50 51.02 2110590.72 38 19.00| 144083 92.04 378 49.15
130 4.64 31 31.63 1 086 4.6% 60 30.00 6 865 4.39 2 17 22.37
80 2.85 12 12.24 666 2.86 57 28.50 3526 2.25 123 5.991
52 1.86 4 4.08 313 1.35 30 15.00 1702 1.09 65 8.45
8 0.29 1 1.02 95 0.41 15 7.5( 362 0.23 31 4.03
2803 100.00 98 100.00 23 265.00.00 200 100.00 156538 100.00 769 100.00

Table A 2: Correlation matrix of the variables usadhe cluster analysis

vanable OS_TURNOVER OS_OFFERING SOLUTIONS GPL_INTENSITYMOTIVATION
OS_TURNOVER 1.000
OS_OFFERING 0.177 bl 1
SOLUTIONS 0.478 b 0.254 b 1
GPL_INTENSITY 0.179 b 0.177 b 0.175 e 1
MOTIVATION 0.066 0.002 0.072 0.098 1

Table A 3: Factor loadings of the principal compohanalysis

Variable

Acronym

Principal Components

1

Percentage of Open Source turnover out of the itotggar 2003
Share of OSS solutions on the overall products legpy the firm

Typologies of solutions supplied by the firms

Intensity of the use of GPL
Firms’ attitudes towards the values of the OSS canity

SOLUONS

OS_TURNOVER
OS_OFFERING

GLP_INTENSITY
MOTIVATION

0.542
0.436
0.571
0.404
0.163

-0.076
-0.298
-0.122
0.226
0.916
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