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Abstract

We conduct an empirical analysis of the effectste€hnical industry consortia on the
coordination of R&D strategies of the participar@®@sir analyses utilize membership data from
32 consortia in a variety of wireless telecommutiices technology subfields from 2000 to
2005 and cross-citations between essential patietiared by the consortium participants in
the context of the third-generation wireless tetegwnication system UMTS and the
members’ earlier patents. Our results shed new bghthe role of consortia in enabling the
coordination of innovation. We find that co-memligpsof two firms in an informal technical
consortium significantly increases the likelihoddatt they cite each other’s patents in
subsequent UMTS essential patents. In other wamdentions that are likely to become part
of the UMTS telecommunication system tend to build inventions by peers that were
members in the same consortia, controlling for mate firm fixed effects, technology class,
patent quality, and other characteristics. Thuspma hand, consortia may increase incentives
to invest in R&D by internalizing potential innov@t externalities. On the other hand, our
results highlight the growing role of consortiatie standardization process which could be
viewed as problematic, because the process magentiuly accessible for all the interested
parties. Policymakers thus need to balance theseetigcts. For managers, the results show
that participation in a variety of technical cortgorenables influencing not only standard

specifications, as shown in earlier research, lsat peers’ innovation strategies.
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1. Introduction

This paper examines the relationships between firrparticipation in wireless
telecommunications industry consortia and theiisegbnent innovations that become declared
essential patents in the global UMTS standard fobita communication. Compatibility
standards are common technology norms that enstgmeperability between communication
products and servicésInformation and Communication Technology (ICTarstards in
particular embody an increasing number of patendEiments. In many ICT fields,
particularly in telecommunications, standards haaeditionally been defined cooperatively
by governments or industry actors within formalriéiard Setting Organizatioh§SSOs).
However, these formal SSOs are often perceivedetslbw and bureaucratic, particularly
when intellectual property rights have become pathe negotiation (Simcoe, forthcoming).
For instance, the 3G wireless telecom standardestutere contains around 16000 essential

patents and its development took most of a decade.

To accelerate the process, sub-groups of firms hrereasingly begun to create less formal
upstream alliances or consortia. These types ofising consortia offer opportunities to
discuss, test, or promote certain technologiegshey can be used to actually develop new
technical specifications that will subsequently sagomitted to formal SSOs for official
approval. The effects of these consortia have lated in policy circles (e.g., Cargill,
2001) but there is little empirical evidence. Leaipa (2008) argues that ICT firms’
participation in such consortia facilitates infleergy formal standard-setting outcomes.
However, there is no evidence to date about thdi¢atpns of informal consortia for
coordination of subsequent innovation. The purpafsthis paper is to address this research
gap and conduct an empirical analysis of the effettICT consortia on the coordination
of R&D strategies of the participants.

This question of whether consortia facilitate caoation of subsequent innovations related to
communication standards is interesting from botlicp@nd managerial perspectives. From a
policy standpoint, our results should inform conitpmt policies. The economic literature on

the subject (Katz and Ordover, 1990; Jorde and &,eE290; and Choi, 1993) often considers
these collaborative organizations as a potentigdathto competition because of excessive

*e.g., cell phones, DVD, internet protocols...
® Such as International Standard Organization, matisnal Telecommunication Union, European
Telecommunication Standard institute



market coordination. However, consortia can alsosbeially desirable if they reduce
potential coordination problems around innovatitm.this case, consortia might mitigate
wasteful cost duplication and increase incentigemvest in R&D by internalizing potential
externalities (d’Aspremont and Jacquemin, 1988estEharguments could lead competition
authorities to adopt a supportive policy with respe standardization consoftias they are

also a way to increase overall efforts of R&D.

However, our analyses regarding the coordinatiomdvation through consortia also shed
new light on the processes through which commuicicastandards are being created.
Development of “open standards” through a prochas is not truly accessible for all the
interested parties may be viewed as problematich&alegree that essential innovations that
become incorporated in the formal standard aredioated and agreed in informal and semi-
private consortia, policymakers may find it worthlgho better understand and provide rules
of the game regarding meeting procedures, memigefsds particularly for small firms, open

access, and public release of relevant information.

From a strategic viewpoint, participation in stamtization consortia could be a way for firms
to promote their technologies and become centrdl l@nce powerful in the technological
field. For instance, from a sociological perspesti?feffer (1981) suggests that consortium
participation helps firms to access and contratsetric knowledge. Nevertheless, there is to
date little empirical evidence for this assertiQur research aims to highlight strategies that

firms may deploy in the wireless telecom fieldnfluence innovation by others.

This paper utilizes a network- analytical approacid combines membership data from 32
ICT consortia to identify consortium network tiestween firms involved in formal mobile
communication standardization through Third GenenaPartnership Project, or 3GPP, that
is the formal international standard-setting orgation driving the specification development
for the Universal Mobile Telecommunication SystedMTS, which is one of the third-
generation mobile communication systems. Additignale compile and analyze citations of
16000 essential patents filed by these firms in3B®P standardization process of UMTS .
These data will be used to assess econometricadlyeffect of firms’ participation in

consortia on the convergence (cross-citationsub$equent inventions. We also use a merger

® For instance, the same kind of approach adoptegdtent pools those also present drawbacks insterfm
competition and advantages in terms of innovatiffagion
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in the network of consortia as a natural experintbat, arguably, exogenously changed

consortium connections of dozens of member firmesxaore the robustness of our results.

Our empirical analysis demonstrates that the pdteliter's involvement in consortia has an
impact on the likelihood that their patents areectitoy other consortium members in
subsequent patents that are declared essentiathorUMTS standard. This result is
particularly strong for consortia that are formaditied with and thus directly related to
3GPP. The result is weaker but still positive atadistically significant for consortia that are
not allied with 3GPP. However, this relationshigignificant only for informal consortia and
does not hold for more formal consortia such agrtbrmal standard-setting organizations
(e.g., regional SSOs). We also find that this coatibn effect is more important for firms
with lesser technological capabilities than forghavith more substantial capabilities, and
that the change in the network of consortia causedhe merger had an impact on the
strength of this coordination effect. In other waraur key results are supported by the

difference-in-differences analysis utilizing thsusce of exogenous variation.

Our results highlight consortia as a form of orgation to coordinate innovation strategies
related to communication standards. Consortia $egsn to enable sharing of knowledge and
coordination of R&D. Policy and managerial implicais of these findings are discussed in
the last section. The remainder of this paper gamized as follows. Section 2 presents a
literature review of R&D consortia and discusses ¢bnceptual foundations of our research.
Section 3 explains the data collection process thedempirical methodology. Section 4

presents our main empirical results and sectioonglades.

2. Literatureon research and development consortia and our targeted
empirical contribution

Research and development consortia have been dtediensively in various strands of
literature. The advantages and drawbacks of theg@nzations as well as their formation
process and possible impact on future alliancesave relatively well understood. We will

discuss the benefits and costs of participatioviesed in extant studies.

Scholars have found substantial positive effectsoofsortium participation on innovation by

firms. For instance, an early stream of researalyaas R&D consortia from a theoretical
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standpoint and underlines financial incentives aotipipate therein. Katz (1986), Katz and
Ordover (1990), d'Aspremont and Jacquemin (1988prey others, view consortia mainly as
a way to share and reduce R&D expenses. Thesaipatjans are a way to realize scale
economies among participants and to avoid projegtication. This stream of literature
assumes symmetric contributions of consortia memberterms of R&D investments and

competencies, and firms are assumed to manufasbstitutable products.

Complementary to this idea, another strand ofditee discusses incentives to participate
when firms do not have symmetric contributions .(eiamien, Muller and Zang, 1992).
Here, the main idea is that R&D investments crdatewledge spillovers. Spillovers are
positive externalities that enhance the social tisnef R&D investments but they lead to
socially suboptimal investments because privateentices do not take spillovers into
account. Consortia are a way to internalize th@séoger effects. This potentially positive
effect of consortia has led some economists to @iigqublic funding of these organizations
(Romer and Griliches, 1993).

The notion of consortia as a way to internalize R&M@ernalities is in line with the resource-
based view of the firm in strategic management. ifstance Chung, Singh and Lee (1999)
analyze investment banking firms' syndication irdemvriting corporate stock offerings
during the 1980s and point out that that the Iik@dd of investment banks' alliance formation
is positively related to the complementarity ofitheapabilities. This approach considers a
firm as a bundle of competencies. Firms’ partidgratin consortia or other forms of
cooperation can be viewed as a method to sharks skild benefit from other members’
competencies. This argument implies that diversify members enhances consortium
efficiency, because it increases the potentiakfoiiovers and ultimately has a positive effect

on the level of R&D expenditures in the field.

Two empirical papers confirm that R&D consortiadda increased R&D investments. First,
Branstetter and Sakakibara (1998) analyze a saaiplapanese consortia and find that the
marginal effect of consortium participation is abdwo percent increase in total R&D
spending and of between four and eight percenteas® in patenting per R&D dollar
(research productivity). In a subsequent paperaldbira (2001) confirms an even more
substantial effect of consortium participation o&iRexpenses (around 9%) and also tests the
hypothesis that diverse competencies of memberaneehthe efficiency of the consortium.

The paper examines a sample of publicly sponsaapdnkse consortia involving 213 firms
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over 13 years and confirms that consortium diversit associated with greater R&D

expenditure by participants.

An organization-theoretic literature points outttparticipation in R&D consortia is a way to
obtain a strategic advantage over competitors.his view, consortia are not necessarily
formed to share costs or reduce potential markietréabut to create competitive advantages
over other competitors. Pfeffer (1981) proposes tioasortium participation helps firms to
access and control strategic knowledge. Aldrichle{1998) also argue that R&D consortia
could be help to orientate research in the industry way that supports the firm’s strategy.
This hypothesis is supported empirically by Leipoif2008) who examines consortia around
the Third Generation Partnership Project (3GPP),foamal standards-development
organization. This study finds that participation R&D consortia significantly enhances
firms’ contributions to new standard specificatiom8GPP committees. Firms that are central
in the consortium network are more able to ultinyaitefluence the standard-setting outcome.
From a social point of view, this result suggebtst R&D consortia may also have adverse
effects and are potentially a way to foreclose cetitipn. This potential negative effect of
consortia on competition (implicit collusion) waskaowledged in a series of papersthout

causing significant reactions by competition auties.

Finally, a set of studies identifies consortia agg to signal strategies within the industry. In
this framework (Rosenkopf, Metiu and Georges, 2@@kjsortium participation is a way to
signal potential strengths to competitors or othetors of the technological field. In a
longitudinal study of 87 cellular service providensd equipment manufacturers, the authors
show that participation in technical committeeltel identify potential alliance partners and
opportunities for collaboration. The authors alswl fthat the marginal effect of consortium
participation on alliance formation is decreasinthwhe number of alliances already formed
and varies according to interpersonal bonds. Tingortance of interpersonal bonds is also
underlined by Dokko and Lorenkopf (2010). In thisidy of 186 firms over 7 years of
participation in technical committees, the authexamine how job mobility of individuals
affects firms’ ability to influence others in a teah standards setting committee for U.S.

wireless telecommunications. The authors pointtbat hiring individuals who are rich in

’ For instance Brodley (1990), Katz and Ordover ()99orde and Teece (1990) and Choi (1993)



social capital increases firms’ power in technidahdard-setting committees by increasing

the hiring firm’s social capitél

As described above, cooperative research arrandsioa&m be very beneficial, but consortium
participation may also be associated with risks @gls. First, firms have to support expenses
such as travel and meeting costs or loss of prodiyctiue to engineers’ participation to the
reunions. Sakakibara’'s (2001) empirical analysidagfanese consortia and Hawkins’ study of
ICT consortia (1999) present empirical evidence tt@nsortium participation engenders
substantial costs. Hawkins’ estimate of member&eg for a typical technology firm in mid-
1990s was in the order of 1.5 million US dollarkisThumber does not include the travel and
human resource costs of participation. Moreoveithan decade since, membership fees and

the number of consortia have substantially incréase

Consortia can also represent an important risk emhriology leakage. Sharing R&D
knowledge in technical meetings with other paracis that have sufficient skills to
understand and absorb these competencies stramglgases the risks of imitation. Indeed,
Kodama (1986) underlines that firms participatingconsortia may create internal research

groups just to absorb knowledge from consortiumkwor

Consortium participation may also reduce the setpofential appropriation strategies
available to firms. For consortium members, secrscyo longer an effective protection
method and therefore member firms may need toVioltiernative appropriation strategies
and define which competencies can be shared anthwamies protected according to the firm
general strategy. This result is supported by epgirstudies that analyze the means of
protecting innovation in a cooperation context. kwtance, Leiponen and Byma (2009)
stress that small firms cooperating in innovatiathvinorizontal partners (direct competitors)

tend to prefer speed to market over secrecy ongmte protect their innovations.

To summarize, the extant literature on R&D consohtas identified many potential benefits
and drawbacks of participation. However, systemaiipirical evidence remains relatively
scarce. The focus of our empirical work is on thgdthesis that consortia facilitate
coordination of subsequent R&D. Aldrich et al. (89@nd Hawkins (1999) have previously
discussed this idea. Hawkins argues that “[...]Jaerimdgtional system has evolved in which

8 In contrast, the loss of personnel does not affdirm’s social capital or influence over standatidsctly
but it does have an effect on firm social capital erfluence contingent on changes in the firm's bessn
strategy.



communication and co-ordination is achieved pritgarihrough inter-organisational
alliances|...]". However, little systematic empiricavidence has been presented. Our paper
targets this research gap by examining the rolgepldy consortia as a vehicle for knowledge

transfer and influence in the innovation context.

3. Data and Methods

The main research question that we empirically testhis paper is whether informal
standardization bodies have facilitate the cootéinaof innovation strategies in terms of
increasing the likelihood that a patent is citedampther consortium participant in a patent
that is declared as essential for the wirelesscoetenunication system UMTS. We thus
analyze whether the likelihood that a patent iscciiepends on the position and centrality of
the patent holder in the network of consortia dyrihe year in which the citing patent was
applied. We focus on citations by UMTS essentidepis because we are interested in the
ability of consortium participants to influence tket of technologies incorporated in the

standard.

This paper relies on a combination of data on caingo co-membership links between firms
involved in the third-generation mobile standardd aross-citations of patents filed by these
participants. First of all, we gathered data orD@6 patents declared essential for the UMTS
standard We retrieved these data in October 2010 usingEfi®! online patent databae
We then merged these data with information on ionat using the 1976/2006 National
Bureau of Economic Research databhsad used the EPIP database to identify the patent
holders of the cited patefntsAppendices 1 and 2 present some information atteutiming

of application and technological class of patentour sample. As we can see, the citing
patents are very concentrated in terms of techicdbglass, whereas the cited patents are
quite diverse. The cited patents were granted tvi976 and 2004 but the majority of them
were granted in the late 1990s or early 2000s.

Next, we created a database on consortium membpedisks between firms involved in the

third-generation mobile standards. This databagmidy based on Leiponen (2008). Using

° The projects included are : 3GPP, 3GPP relea86PP/AMR-WB+, UMTS, UMTS Release 5, UMTS
Release 6, UMTS Release 7, UMTS Release 8, UMTS/EDM

10 Available athttp://ipr.etsi.org/

™ Available athttp://www.nber.org/patents/

12 Available athttp://www.epip.eu/datacentre.php




the website Internet Archive, we obtained data loe themberships of the patent holders
(owners of the citing and the cited patents) insootia in the ICT field from 2000 to 2005.
Some of these consortia are formally allied withP®Gand others are unrelated or even
directly competing with 3GPP. A list of these conisois presented in Appendix 3.

As we have information on participation in consfftiom 2000 to 2005, we will restrict our
analysis of citing patents applied in this peridde organize our database around the cited
patents over six years. This database consist82if patents that were cited at least once by a
UMTS essential patent. These patents were held byi#ferent firmd®. The database

connects the cited patents with 1962 citing patents

Our main dependent variable is a binary indicatorwhether a patent was cited by a patent
application that was subsequently declared as tfésse for the UMTS wireless
telecommunication system developed in 3GPP oftemohember of 3GPP in the year after

its application. In robustness analyses we aldzeita binary indicator at the firm level.

We use three different variables to capture firpatticipation in informal standardization
bodies (consortia). The first two measure the patetder’'s general level of participation in
consortia of the ICT field: the number of consartitnemberships tdtal membership) and

the number of connections to peers from consoctasrtium connections). A consortium

connection is formed if two firms meet at least ¢dinee in one of the consortia during the
year. In network-analytical terms these are two-en@hd one-mode degree centrality
measures, respectively. The last varialde-rlembership) captures the direct connection
between two firms, i.e., between the holders ahgitand cited patents during the year in

which the citing patent was applied.

The main empirical issue is to disentangle the otdfeof participation in consortia and

technological centrality of the firm in formal stiards development. A patent can be highly
cited because of the patent holders’ participationconsortia or because the patent is
technologically central in the UMTS wireless systbring standardized within 3GPP, for
which reason its holder may participate in manysootia. In order to control for this

possibility, we use data on patent holders’ pgréition in the formal standards-development
organization (3GPP). We trace patent holders’ dms/ in formal standards-development

13 A list of the patent holders of the cited patdstsresented in appendix 4.



committee¥’ from 2000 to 2005 and create a variaB@PP connections that equals the
number of unique connections (one-mode degreeat#w)rto other firms through work-item
committees. This variable allows us to take intooamt the centrality of the firm in formal
standard setting and thus enables us to distingthisheffects of informal and formal

standardization on cross-citations.
Table 1 describes the main variables.

Table 1: Name and description of the main explanatory variables

Variable Description Mean Std. Min | Max
dev.
Total membership Number of cited firm’s annual 8.27 6.96 0 24

memberships (two-mode network

degree) in consortia

Consortium Number of cited firm’s annual 128.15| 103.79 0 280
connections unique connections (one-mode

network degree) through consortia

Co-membership Dummy variable that equals 1 if the 0.18 0.39 0 1
holder of the citing and the cited
patent were in the same consortiym
during the year in which the citing

patent was applied.

3GPP connections Number of unique (one-mode 16.05 18.50 0 63
degree) connections to other firms
through 3GPP work-item

committees

Age cited Age of the cited patent (since the| 3.61 5.34 -4 29
grant year)

Patent quality Stock of forward cites at t-1 32.8Y7 56.29 1 9r0

We work with a panel database of patents cited MTH essential patents and estimate a

fixed-effect logit model with the likelihood to bated at yeary for a patentp as the

dependent variable. Table 2 presents descriptatessts (for the cited patents) regarding the

14 Using the websitéttp://www.3gpp.org/
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number of citations by other 3GPP members. As wenalbuse a count data model but
estimate the likelihood to be cited for a patentestr y , Table 3 presents the number of times
(years) our patents are cited over the six yearsbskrvation. The majority of our cited
patents are not cited during the years we analj@ealso have a small number of patents that
are cited every year from 2000 to 2005. These whtens will be excluded in a fixed-effect

logit model which significantly reduces our estifoatsamplé®.

Table 2: Number of citations by other 3GPP members

Mean Std. Dev. Min Max

Total citations by other 3G members 2.97 7.24 0 79

Table 3: Number of yearsthe patent iscited (2000-2005)

Number of years the patent is cited Observations

657

78

102

76

48

49

OO WIN|IF O

13

Our main explanatory variables measure consortiamiggpation, and we control for the
patent holder's centrality in 3GPP and the pateqtiality and age. We thus estimate the

following model:
Pr(Citation, ) = a, + a,Consortium_ participafion + a,3GPP_ connectiors + a,Patent _ quality +

a,Patent_age+¢,, [1]

Pr(Citation, ) = Probability of firm being cited by another 3GPB&ticipant in yeary for

patent p

15We also controlled that our results are not dutaégatents that are cited only one time by oBiGr
participants, over the period, excluding thesemgata one of our robustness tests. The resulsepted in the
body of the paper remain robust even excludingetipegents.
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Consortium participation = Participation in consortia of the holder of tited patent, using

the variablesotal membership, consortium connections, andco-membership

3GPP connections = Cited patent holder’s centrality in formal stargization in 3GPP
committees

Patent age = Age of the patent
Patent quality = Patent stock of forward citations at year t-1

Epy = Error term

Our primary estimation approach utilizes standamhgb-data methods (fixed effects
estimation) to control for time-invariant unobsetvieeterogeneity of firms and patents. We
also disentangle the consortium participation efeexcording to the nature of the consortia
and the size of the firm. As a fixed-effects estiora considerably reduces the number of
observations, we also use a random-effects estméaking into account the overall sample,
using mean variables to control for intrinsic cltdeastics (Wooldridge, 2002, pp. 487-488,
679). This Chamberlain style procedure includesni@ans of the time-varying explanatory
variables as additional regressors in the randdectsf procedure assuming that the

permanent characteristics are normally distribudedditional on the explanatory variables.
According to Wooldridge (2002), this method is lesbust but more efficient than the
conditional fixed-effects approach. The results presented in appendix 6 and confirm the

findings of the fixed-effects estimation.

We also explore whether a natural experiment oouyrin the data allows us to isolate
sufficient exogenous variation in the main explanatariables to control for possible time-
varying unobserved effects and estimate a diffexeiic-differences type model. Our concern
is that innovations emerging during the periodtatlg might make firms more likely to both
attend consortia and cite their central memberss &hent is the merger of a set of industry
consortia of mobile services that, we argue, exogsly shifted the consortium contacts of
some but not all firms in our dataset. In late 208&ven of the consortia in our databse
merged to create the Open Mobile Alliance (OMA). ®Mvas formed by nearly 200

companies including mobile operators, device artdork suppliers, information technology

18 Wap Forum, Wireless Village, SyncML Initiative, N LIF, MWIF, and UMTS Forum.
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companies and content and service providers. Tdrergve argue that individual firms were
unlikely to have substantial influence in the merdgée stated reasons for the merger were
increasing interactions and synergies betweendtienblogy fields of the seven component
consortia: “The purpose of OMA is to address atbas previously fell outside the scope of
any existing organizations, as well as streamlirerkwthat may have been previously
duplicated by multiple organization§’"As a result of the merger, consortium connectizins
some firms increased and those of other firms @sed We use this merger to estimate a

diff-in-diff model and examine the robustness of fixed-effects results.

4. Estimation results

We first run a fixed-effect model estimating thieelihood of a patent to be cited by a patent
that was declared as essential for the UMTS standiatd by another consortium participant.

We control for the age of the cited patent anditality in terms of the stock of forward cites

at time-1. The results of this model are preseint&dble 4.

As we can see in Table 3, our three main explapatariables all have statistically highly
significant and positive effects on the likelihamdbe cited by another consortium participant.
Given the fact that our third explanatory varialuiemembership, presents a strong and very
significant positive parameter, it is quite logithht our two other explanatory variables also
have a positive impact. Marginal effects suggeat the total number of memberships has a
stronger impact than the number of cited firm’s wainunique connections (one-mode
network degree) through consortia. One additior@aisortium membership increases the
likelihood of citation by 1%, whereas an additior@nnection increases it by 0.02%.
However, one needs to keep in mind that one additimembership tends to lead to dozens
of new connections. Meanwhileg-membership has the strongest positive marginal effect on
the likelihood to be cited by other 3GPP membersuinsequent innovations. If two firms are
both members of the same consortium, the likelihobditation goes up by 47%. We also
find that the control variable patent age doeshase a clear impact on the likelihood to be

cited. In contrast, patent quality (stock of ford@ites at year — 1) has a significant negative

7 http://www.openmobilealliance.org/AboutOMA/FAQ.aspetrieved 8/2/2002.
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impact on the likelihood to be cit¥d However, the random-effects estimation preseirted
appendix 6 attenuate this finding. Nevertheless rtihe of patent quality in formal and highly
cumulative standardization should probably be frthvestigated.

Table 4: The effect of consortium participation on thelikelihood of citation

1) 2) 3)
Coef. Marginal Coef. Marginal  Coef. Marginal
effect effect effect
Total memberships 0.143* 0.0108*
(0.019)  (0.005)
Consortium 0.00218** 0.0002*
connections (0.0001) (0.0001)
Co-membership 3.364** 0.4666***
(0.193)  (0.006)
3GPP connections 0.00840 0.0006  0.021**  0.0018* -0.00245 -0.0006
(0.006)  0.272 (0.005)  (0.0010) (0.006)  (0.002)
Patent age 0.0256 0.0019 0.053 0.0044*  -0.111 -0.0276
(0.065)  0.715 (0.065)  (0.0065) (0.089)  (0.022)
Patent quality -0.0896*** -0.007**  -0.087***  -0.0072 -0.085*** -0.0212***
(0.011) 0.042 (0.011) (0.0035) (0.012) (0.003)
Dummy 0/3/6/9 v v Y
Observations 2154 2154 2154
Number of groups 352 352 352
Chi2 434.56 428.34 924.69
Prob > chi2 0 0 0
Log Likelihood -596.312 -599.424 -351.251

Legend: * p<.05; ** p<.01; *** p<.001
(* p<.10; ** p<.05; *** p<.01 for marginal effects)

Notes: Dependent variable is an indicator for waethpatent was cited by an essential patent
applied in year y. Estimation method is logit witked effects at the patent level. Dummies
0/3/6/9 are nonlinear effects for patent age. Stethdrrors are in parentheses under the
coefficients.

These results lend support for our main hypothelie patent holder involvement in the

consortium network increases the likelihood tha patent is cited by other participants.

18 We cannot exclude that this effect is not dueast partially to an effect patent age not captbseour
variable age. This effect could also confirm thet traditional indicators of patent quality do matrk very well
in a standardization context characterized by cativd innovation.
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Thus, participation in informal standardization lesd helps firms coordinate subsequent

research.

Next, we refine the result by analyzing whethernhture and size of the consortium and the
cited patent holder influence the result. We dgitish between different types of consortia
(formal or informal) and their relationship with B8 (related or unrelated to 3GPP)
Formal consortia actually draft and certify stamldapecifications whereas informal ones
simply discuss and test technological alternati@nsortia can also be formally allied with
3GPP or completely unrelated to 3GPP. We would expensortia that are allied with 3GPP
to provide more fruitful venues for influencing p&einnovation activities related to
technologies that 3GPP standardizes. Also, we wexjtbct informal consortia to be more
conducive for influencing peers, because their &umental purpose is usually to discuss and
promote a set of technologies, hence these dismsssan be more easily used to promote the
members’ technologies that might be utilized ortbomn in the standard-setting context of
3GPP.

We also examine the interaction effect of the tebtbgical resources of the patent holder
using an interaction variablesonsortium connections*patent apps, between consortium
connections and the number of patents applied by the cited 8uring the year. This variable
allows us to assess the potential moderating impiatite (technological) size of the patent
holder on the consortium participation effect. Weext that larger technology firms are more
effective at translating consortium connectionso irdpportunities to influence others’

innovation activitie?’. These results are presented in Table 5.

19 See the data section.
20 Appendix 7 gives an overview of these resultstiermain important patent holders (based on thebeumf
citing patents).
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Table5 : Effects of different types of consortia and the moder ating effect of

technological resources

1)

(©),

Coef. Marginal Coef. Marginal Coef. Marginal
effect effect effect
Informal consortium 0.158*** 0.0114*
memberships (0.026) (0.006)
Formal consortium 0.0854 0.0061
memberships (0.048) (0.005)
Related consortium 0.267*** 0.0216*
memberships (0.046) (0.012)
Unrelated consortium 0.0843**  0.0068*
memberships (0.027) (0.004)
Consortium 0.00278**  0.0002*
connections (0.0004)  (0.0001)
Cons. connections* -7.549e-07 -5.59e-08
patent apps (4.08e-07)  (0.000)
Patent apps -0.00024  -0.00001
(0.0003) (0.0002)
3GPP connections 0.00797 0.0006 0.0065 0.0005  0.0203***  0.0015
(0.006) (0.005) (0.006) (0.006) (0.005) (0.0009)
Patent age -0.00143 -0.0001 0.012 0.0010 0.0632 0.0047
(0.064) (0.005) (0.066) (0.005) (0.067) (0.006)
Patent quality -0.0879***  -0.0063  -0.089***  -0.0072  -0.0903*** -0.0067
(0.011) (0.003) (0.011) (0.004) (0.011) (0.003)
Dummy 0/3/6/9 v Y
Observations 2154 2154 2154
Number of groups 352 352 352
LR chi2 427.34 443.35 418'89
Prob > chi2 0 0
Log Likelihood 1599.922 -591.919 -593.992

Legend: * p<.05; ** p<.01; *** p<.001
(* p<.10; ** p<.05; *** p<.01 for marginal effects)

Notes: Dependent variable is an indicator for waethpatent was cited by an essential patent
applied in year t. Estimation method is logit witked effects at the patent level. Dummy

0/3/6/9 are nonlinear effects for patent age.
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Regarding the types of consortia, the results conéxpectations. Both the formality and
relationship with 3GPP of the consortium moder&ee participation effect. We can see in
Table 5 that the participation effect is positivedasignificant for informal consortia but
insignificant for the formal standardization orgaations of our sample. The strategic and
technological scope of the consortium also hasngract on the intensity of the effect. The
consortium participation effect is much stronger émnsortia that are directly related to
3GPP, and the difference is statistically significat 0.01%. However, even though the
coefficient is substantially lower, participatiom unrelated consortia also has a positive and
statistically significant impact on the likelihodad have a patent cited by peers in subsequent

innovation.

Perhaps contrary to expectations, the greateritimesftechnological innovativeness (patent
applications), the lower the consortium participateffect on the likelihood to be cited in
subsequent research by peers (this result is mignif at 10%). We speculate that
representatives of firms with large technology fmds may have a less accurate
understanding of the potential of individual pasefar peers to build on. However, we plan to
investigate the size/technological resource effeatore detail.

Finally, we use a natural experiment, a mergereven consortia in 2002 to examine the
robustness of our results. When MGIF, UMTS ForumapWForum, Wireless Village,
SyncML Initiative, LIF and MWIF merged to form Opeéviobile Alliance, the consortium
connections of the members of the seven consowia \exogenously shiftéd Using this
exogenous event to identify the causal effect efsootium connections on patent citations,
we dissect the participation effect according te thming, the consortia affected by the

merger, and their nature. The results are presemtédble 6.

L A list of the firms included in the control group, non-participant in one of the consortia concerned by
the merger, is available in appendix 5
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Table 6: Impact of the OMA merger on subsequent citations

1) (2) (3) (4)
Coef. Marginal Coef. Marginal Coef. Marginal Coef. Marginal
Effect effect effect effect
CTO_OMA 0.0178**  0.0026 0.0183*** 0.0023 0.0239***  0.0066*
(0.005) (0.002) (0.005) (0.002) (0.005) (0.001)
CTO_not_OMA 0.00041 0.0001 0.00027 0.00003
(0.001) (0.001) (0.001) (0.0001)
CTO_not_OMA -0.00042 -0.0001
_formal
(0.002) (0.0004)
CTO_not_OMA 0.00810*  0.0020**
_informal
(0.004) (0.0009)
CTO_OMA _after 0.00911* 0.0013  0.00941* 0.0012 0.0151**  0.0038***
(0.004) (0.001) (0.004) (0.001) (0.005) (0.001)
1.7384* 0.1909
New_co_membership
_OMA (0.707) (0.165)
-0.5090 -0.0241
Old_co_membership
_OMA (0.260) (0.023)
Co_membership 3.1193*** 0.3016*
(0.255) (0.180)
Dummy_after -3.5638***  .0.4562 -3.720***  -0.4232 -4.0422** -0.7537 -3.8756*** -0.1864
(0.357) (0.288) (0.374) (0.294) (0.406) (0.112) 783) (0.141)
3GPP connections -0.0149 -0.0018 -0.0148 -0.0037 -0.0183** -0.0010
(0.009) (0.002) (0.009) (0.002) (0.007)  (0.0009)
Patent age 1.128*** 0.1646  1.160*** 0.1439 1.378*** 0.3442 065 9*** 0.0255
(0.161) (0.143) (0.163) (0.137) (0.192) (0.056) 109) (0.024)
Patent quality -0.177**  -0.0258 -0.179***  -0.0222  -0.184*** -0.081  -0.0958*** -0.0053
(0.020) (0.020) (0.020) (0.019) (0.021) (0.005) 01) (0.004)
Dummy 0/3/6/9 Y
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Number of obs 1731 1731 1731 2154

Number of groups 338 338 338 352

LR chi2 667.35 670.33 675.34 970.70
Prob > chi2 0.0000 0.0000 0.0000 0.0000
Log Likelihood -330.306 -328.818 -326.314 -328.24092

Legend: * p<.05; ** p<.01; *** p<.001
(* p<.10; ** p<.05; *** p<.01 for marginal effects)

Notes: Dependent variable is an indicator for waethpatent was cited by an essential patent
applied in year t. Estimation method is logit witked effects at the patent level. Dummy
0/3/6/9 are nonlinear effects for patent age.

The variable CTO_OMA has a strong positive andstteally significant effect on citations.
OMA and the component consortia were thus probebhtral venues for discussing ongoing
innovation. In fact, the effect of connections framther consortia (CTO_not OMA) is
insignificant. However, when we separate informahd aformal other consortia
(CTO_not_OMA formal and CTO_not OMA informal) we tam the positive and
statistically significant effect of informal non_OM connections. The most important
coefficient in table 6 is that on the variable CT@MA_after that measures the additional
effect of OMA-related connections after the merddrs effect is significant at the 95% level
of confidence in all specifications, but it is peutarly strong (and significant at the 99%
level) when the non_OMA effect is separately esteddor formal and informal consortia.
This result is rather different if we analyze theefficients of the variables
New_co_membership_OMAand Co_membership that are not influenced by thmhber of
consortia members. This natural experiment is ligefaonfirm and refine the robustness of
our results. Using the creation of OMA consortiusnaasource of exogenous variation, the
change in the network of consortia caused by theyendhad an impact on the strength of the
coordination effect.

To conclude, our main hypothesis that consortitigpation facilitates coordination of firms’

research policies is supported. The result is roimgependent of the method or the variable
to capture the participation used. But the magmeitofithe effect substantially depends on the
nature of the consortium and (technological) sizéhe patent holder. The coordination effect

is insignificant for formal consortia and strongbpsitive and statistically significant for
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informal ones. Additionally, the effect is much gter when consortia are technologically or
strategically related to 3GPP but it remains sigaift when consortia are unrelated to 3GPP.
The impact is also lower when the technologicabiration capacity of the firm increases.
Finally, we note that a merger in the consortiurtwoek had a significant positive impact on
the magnitude of the coordination effect. Exogenchanges in consortium connections
caused by the merger positively and statisticatipiicantly influenced subsequent citations

by peers.

5. Conclusion

This paperanalyzes the impact of firms’ participation in I€dnsortia on the convergence of
R&D strategies. In order to do that, we use datgoarticipation in 32 ICT consortia and
citations of essential patents filed by particigamt the 3GPP standardization process. We
also use a merger in the network of consortia @gasi-experiment that exogenously changed
consortium connections of members to explore theistmess of our results and refine our

analysis.

Our empirical analysis underlines the impact of ffaent holder’s involvement in the
consortium network on the likelihood to have itstgpés cited by other participants in
subsequent research. The higher the patent haldelvement in the consortium network, the
higher the likelihood to be cited by other conttdrs in subsequent patents that are declared
essential for the UMTS standard. This result isrgier for consortia that are formally allied
or directly related to 3GPP, whereas the resultesker but still positive and statistically
significant for consortia unrelated to 3GPP. Oudiings suggest that informal consortia are
an effective vehicle to coordinate standards-rdlagsearch. Indeed, while participation in
informal consortia has a positive and statisticallynificant impact on the likelihood to be
cited by subsequent research, this result doekaidtfor more formal consortia such as other
standard-setting organizations. To finish, we as@ss that an exogenous change in the
consortium network had an impact on the strengtthisfcoordination effect. Thus, our main
findings are confirmed by a difference-in-differerenalysis using a merger in the network of

consortia as a source of exogenous variation.
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Our main result, that consortium participation liteies coordination of firms’ R&D
activities lends support for an earlier literatwe the effects of R&D cooperation on
managing knowledge transfer between rivals. Thuspperation potentially improves
incentives for R&D because it enables the intemadilon of knowledge-creation externalities.
However, in the standard-setting context our figdinalso raise questions. Our results
demonstrate that standardization is no longer jpedttonly in formal standard-setting

organizations but also in informal upstream congort

First, transparency and openness of consortiumiges is currently not ensured. Thus, it can
be difficult for an entrant to understand who madesisions about standardization, where,
and through what process. Second, when standanmdgsist effectively distributed to dozens
of consortia, each with substantial membership faed frequent meeting schedules,
participation can become prohibitively costly fonaler firms. Small firms tend to have few
(if any) technical experts who are able to trawvektandards meetings, and with dozens of
potentially relevant consortia, this may simply @ possible. Finally, major firms have
motivated consortia as a method of speeding updatds development. While this is an
acceptable goal for any industry, the actual redeoraccelerated outcomes from consortia
may be exactly that smaller firms and those whagfise with industry leader(s) are not

participating.

We suggest that these novel results potentially foal a rethinking of standard-setting
policies. Innovation policymakers should no longer interested only in formal standard-
setting organizations but also pay attention tovaiets in informal upstream consortia in
which much of the coordination work is actually dorSimilarly, our results show that
innovating firms that want to commercialize new gurots or technologies in network
industries must design a standard-setting strateafyinvolves not only formal SSOs but also

active participation and influencing peers witmiformal consortia.
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Appendix 1: Description cited patents
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Figure 1: Grant year of the cited patents

B Communications
B Telephonic Communications
m Cryptography

M Electrical Audio Signal Processing
Systemsand Devices

m Information Processing System
Organization

B Telecommunications
0 Data Processing
M Electrical Computers and Digital

Processing Systems
Error Detection/Correction

Figure 2: Technological class of the cited patents
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Appendix 2 : Description citing patents
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Figure 3: Grant year of the citing patents
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Figure 4: Technological class of the citing patents
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Appendix 3: List of consortia

Consortium Name 3GPP related Affected by the OMA merger
MET No No
WLANA No No
SA Forum No No
ATIS No No
3G Americas No No
CDG No No
VoiceXML No No
IPv6 Forum Yes No
Hiperlan 2 No No
WiFi Alliance No No
GSA Yes No
TTC Yes No
Bluetooth No No
GPP 2 No No
UMTS Forum Yes Yes
T1 Yes No
SyncML No Yes
TTA No No
UwcCcC Yes No
WAP Forum No Yes
Wireless Village No Yes
3GIP No No
ARIB Yes No
BWIF No No
CWTS No No
ETSI Yes No
GSM Association Yes No
MGIF No Yes
MWIF No Yes
OMA Alliance No No
Symbian No No
WECA No No
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Appendix 4 : List of cited patent holders

id2_cited Company Name
50020 Agere
50040 Alcatel
50100 ArrayComm
50120 AT&T Wireless
50180 Bell South
50220 BT (British Telecom)
50250 BULL S.A.
50360 Cisco Systems
50411 3Com
50421 Infineon Technology
50520 Ericsson
50580 France Telecom
50590 Fujitsu Limited
50630 Golden Bridge Technology
50640 Hewlett Packard
50670 Hughes Network
50710 ICO Global
50750 Intel
50760 InterDigital
50860 LG Electronics
50880 Lucent
50940 Matsushita
50950 Matra
51000 Microsoft
51010 Mitsubishi
51060 Motorola
51090 NEC
51130 Nokia
51140 Nortel Networks
51200 OKI Electrics
51280 Panasonic
51340 Qualcomm
51360 Racal Instruments
51400 Rogers Wireless
51440 Samsung
51490 Seiko Epson
51540 Sharp
51560 Siemens
51640 Sony
51880 Texas Instruments
51900 Thomson
51920 Toshiba
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Appendix 5:

Control group for the OMA merger

Company Name

Hughes network

Agere

ArrayComm

BT (British Telecom)

Bull S.A.

Comneon

Golden Bridge technology

ICO Global

Matra

Racal Instruments

Rogers Wireless

Shanghai Be
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Appendix 6 : Resultsusing a random effects estimation

(1) (2) 3)

Coef. Oddsratios Coef. Oddsratios Coef. Odds ratios

Total memberships 0.139%* 1.149***
(0.018)  (0.021)
Mean memberships -0.215*** 0.806***
(0.061)  (0.049)

Consortium connections 0.002***  1.002***
(0.0002) (0.0002)
Mean consortium 0.998
connections -0.002
(0.001)  (0.001)
Co-membership 3.162**  23.610***
(0.168)  (3.976)
Mean Co-membership 6.463*** 640.071***
(0.645)  (412.579)
3GPP connections 0.007 1.007  0.021** 1.021*** -0.002 0.998

(0.006)  (0.006) (0.005) (0.005)  (0.006)  (0.006)
Mean 3GPPconnections -0.037 0.964 -0.081*** 0.922*** _0.035** (0.965***
(0.023) (0.022) (0.016) (0.015) (0.010)  (0.010)

Patent age -0.109* 0.896* -0.076 0.926 -0.039 0.962
(0.053) (0.048) (0.053) (0.049) (0.064) (0.062)

Mean patent age 0.305*** 1.357*** 0.276** 1.318** (0.199*  1.220***
(0.052)  (0.070)  (0.051) (0.068) (0.062)  (0.075)

Patent quality -0.068*** 0.934*** -0.067** 0.935** .0.074*** 0.929***

(0.007)  (0.007)  (0.007) (0.007)  (0.008)  (0.007)
Mean patent quality 0.080*** 1.083*** 0.079** 1.082*** (0.079**  1.082***
(0.008) (0.008) (0.008) (0.008) (0.008) (0.009)

Dummy 0/3/6/9 v Y

Observations 6276 6276 6;76
Number of groups 1021 1021 1021
Chi2 418.96 421.75 539.77
Prob > chi2 0 0 0

Log Likelihood -1554.269 -1558.675 -1142.618

Legend: * p<.05; ** p<.01; *** p<.001

Notes: Dependent variable is an indicator for waethpatent was cited by an essential patent
applied in year t. Estimation method is logit witindom effects. Dummy 0/3/6/9 are
nonlinear effects for patent age. Means are condpattéhe cited patent level.
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Appendix 7 : Firm results using a fixed effects estimation

Coef.  Std. Err. Marginal effect Coef.  Std. Err. Marginal effect Coef.  Std. Err. Marginal effect Coef.  Std. Err. Marginal effect

co_membership 3.366*** 0.194 0.172

co_membership_Ericsson 10.498 956.892 0.975

dummy_Ericsson 1.651 1.311 0.088

co_membership 2.762** 0.252 0.170

co_membership_Interdigital -0.386 0.382 -0.012

dummy_interdigital 3.379*** 0.390 0.278

co_membership 3.398*** 0.197 0.176

co_membership_Panasonic -1.812* 1.101 0.254

dummy_Panasonic 1.466 1.033 0.501

co_membership 4.005*** 0.251 0.387*
co_membership_Qualcomm -2.931%** 0.417 -0.055
dummy_Qualcomm 1.699**  0.364 0.139
3GPP connections Y Y Y Y

Patent age and quality Y Y Y Y

Dummy 0/3/6/9 Y Y Y Y

Number of obs 2154 2154 2154 2154

Number of groups 352 352 352 352

chi2 926.51 1059.89 927.52 976.76

Log likelihood -350.338 -283.651 -349.835 -325.211

Legend: * p<.05; ** p<.01; *** p<.001 (* p<.10; *p<.05; *** p<.01 for marginal effects)
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