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Abstract

We analyze R&D competition and cooperation between �rms involved
in the development of a technology standard. Our model captures the two
counterweighting types of incentives these �rms are subject to: free-riding
due to the public good nature of the standard, and patent races in order
to derive royalties from essential patents. As a consequence, R&D may
be excessive or insu¢ cient as compared to the collective optimum. Our
purpose is to test empirically whether consortia can address any type of
ine¢ ciency, by either reducing or increasing collective R&D investment.
We address this question empirically on a large dataset of ICT standards,
by assessing the e¤ect of consortia on the number of standard-related
patents �led by companies. After sorting standards entailing over or un-
derinvestment, our results con�rm that in the �rst case consortia have
a chilling e¤ect on patent �lings, while it has an in�ating e¤ect in the
second case.
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1 Introduction

Standards in Information and Communication Technologies (ICT) are subject
to highly dynamic innovation and generational change. New generations of
standards (e.g., 2G to 3G, or DVD to BluRay) tend to embody much more
components and functionalities. The sharply rising number of essential patents
claimed on standards (Simcoe, 2005) re�ects this growing complexity. It also
denotes the substantial licensing pro�ts �rms may derive from the large di¤usion
of their innovations if they are adopted in standard speci�cations.
In this context, standard setting has evolved from mere coordination on com-

mon speci�cations to the joint development of complex technology platforms.
Standardization takes place along the whole process of developing new technolo-
gies. Standards play their various roles at di¤erent development stages, ranging
from the settlement of the fundamental architecture to the development of inter-
operable applications. Many of these tasks are carried out at formal standard
development organizations (SDOs), which are open to all interested parties.
Standard development can thus be seen as an original type of open innovation.
However, the joint development of technological standards is subject to co-

ordination failures and vested interests (Simcoe, 2011). SDOs are perceived as
particularly sensitive to con�icts of interest, as they are designed to be very in-
clusive and open to a broad range of di¤erent stakeholders and interest groups.
SDOs are therefore often supplemented by consortia, less formal alliances be-
tween sub-groups of �rms (Cargill, 2001). While some consortia may substitute
for formal SDOs and issue their own standards, many of them accompany formal
standardization.
While the precise relationship between consortia and SDOs is very hetero-

geneous, recent economic research highlights several underlying mechanisms by
which consortia in�uence the innovation for technological standards (Leiponen,
2008; Delcamp & Leiponen, 2010). This paper is however the �rst attempt to
assess the ability of consortia to improve coordination of R&D in the standard
development process. We �rst develop a theoretical framework highlighting the
di¤erent types of R&D coordination failures that may arise in a standard setting
environment. We use this setting to derive testable assumptions on the ability
of consortia to address such coordination failures. We �nally validate these as-
sumptions empirically against a comprehensive database of contemporary ICT
standards.
Our theoretical framework accounts for user-driven and royalty-driven in-

centives to invest in R&D. We show that, depending on the SDO�s IP policy,
�rms�contributions may lead to either insu¢ cient or excessive R&D investment
in equilibrium. Equilibriums with excessive R&D occur when a too large share
of the standard�s value is appropriated by essential patent owners. Interestingly,
they are also the only case in which pure R&D �rms will engage in standard
development.
Based on this model, we expect R&D coordination through consortia to

either reduce or boost joint R&D depending on the type of ine¢ ciency that
prevails initially. We test these hypotheses against a comprehensive database
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of contemporary ICT standards. We identi�ed �rms�participation in standard
development through the patent declaration database of the respective SDO.
Furthermore, we matched our standards to a high number of informal consortia
listed in the CEN standards consortia survey. We then tracked back the infor-
mation of consortium membership over 20 years. Using Patstat and the IPC
classi�cation of essential patents, we identi�ed the patents �led by company by
year in the technological �eld of the standard. These patents indicate the R&D
e¤ort undertaken by participating �rms in view of obtaining essential patents.
Our aim is thus to assess the e¤ect of consortia on this variable.
Drawing on the theoretical framework, we use the participation of pure R&D

�rms to sort standards involving over- or underinvestment. R&D coordination
within consortia would then imply a de�ating e¤ect of consortia on R&D for
standards with pure R&D �rms, and an in�ating e¤ect on R&D for the rest. The
econometric results largely con�rm the coordination hypothesis. Controlling for
the development stage of the standard and �xed e¤ects for the �rm-standard
pair, �rms entering a consortium signi�cantly reduce patent �les in standards
where pure R&D �rms participate, while they increase patent �les in the sample
of other standards. At the aggregate level, the same e¤ect is observed on total
patent �les when a �rm joins the consortium.
These results can be related to other studies of consortia in other �elds than

standardization. The literature on R&D alliances (Katz 1986, Branstetter &
Sakakibara, 2002) shows that alliance members can internalize positive exter-
nalities from spillovers or complementary capabilities, and therefore increase
R&D. There is also case study evidence that some R&D alliances were bene�-
cially reducing wasteful duplication of R&D (Irwin and Klenow, 1996).
The remainder of this article is organized as follows. Section 2 discusses

the role of consortia and their relationship with formal standardization. Sec-
tion 3 outlines the theoretical model and the empirical implications. Section
4 discusses the empirical strategy, the database and �rst descriptive �ndings.
Section 5 presents the econometric results. We conclude in Section 6.

2 The interplay of standards consortia and for-
mal standardization

Informal standards consortia have evolved to be a new player in the standard
setting arena (Cargill, 2002). Over the past twenty years, numerous standards
consortia were created, merged with other organizations but also terminated
over time (Pohlmann, 2010). Since 1995 the CEN survey provides a list of
around 250 current ICT standards consortia, while Andrew Updegrove lists
over 700 consortia under less restrictive criteria. The consortia landscape is
very heterogeneous and organizations di¤er in their membership structures, IP
rules or technical focus, but also in their function along the standard setting
processes. Among the various functions of consortia identi�ed by the literature,
we can highlight proof of technology, implementation and application of stan-
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dards (Weiss and Cargill, 1992). Updegrove (1995) further identi�es consortia
to be speci�cation groups, research consortia or even strategic consortia. While
consortia have become an inevitable player in ICT standardization, there is also
unease about this evolution. When standards consortia compete with formal
bodies, �rms may choose the best forum to push their technology. These forum
shopping activities may be a �threat� for formal standardization and coordi-
nation between standards (Lerner and Tirole, 2006). Several literature sources
have dealt with legal concerns and the role of informal consortia in the standard
setting environment (Lamley, 2003; Egyedi, 2003).
In practice, consortia coexist with formal standardization rather than replac-

ing it. In an empirical analysis Blind and Gauch (2008) �nd a mostly comple-
mentary relationship between standards consortia and formal standard bodies.
Hawkins (1999) further stresses that consortia may in�uence formal standardiza-
tion both at upstream and downstream levels and thus coordinate technological
development. There are several examples in practice that evidence cooperative
standard setting between formal and informal institutions. Gauch (2008) shows
how ECMA (European Computer Manufacturers Association) speci�ed DVD
technologies that were later approved at ISO (International Organization for
Standardization). ISO has a formal fast track agreement, the PAS (Publicly
Available Speci�cations), which allows sponsoring organization to receive a for-
mal accreditation of their speci�cation within six and nine month.1 JTC1 has
a similar policy of featuring Approved References Speci�cations (ARS).
In these cases standards are entirely developed by an informal consortium,

and only eventually submitted to the SDO for formal approval. In other cases
the cooperation between SDOs and consortia takes the form of a sustained divi-
sion of tasks. Standardization of complex technologies is a long process, taking
place over the whole development of a technology. Standardization implies a
continuous investment in the upgrade, maintenance and deployment of stan-
dards.2 A substantial part of the technology that is essential for the use of the
standard (as measured by the applications of patents that are declared essential
to a standard) is developed after the date of release of the �rst standard version.
This continuous investment in standardization is often carried through as a joint
e¤ort of SDOs and informal consortia. ISO for example welcomes contributions
to existing ISO standards from consortia accredited as Partner Standards De-
velopment Organization (PSDO).3 ISO follows the strategy to become a leading
platform for international standards, while increasing the cooperation with other
partner organizations.4

A rather broad framework for such a division of tasks is a liaison agreement

1For further information please read the draft of the PAS approval cycle by ISO
http://www.bsigroup.com/upload/Standards%20&%20Publications/PSS/PSS_servicecycle.pdf

2A comprehensive analysis of 6.000 ICT standards in PERINORM reveals that, on average,
each formal international ICT standard is replaced more than three times by incrementally
improved versions.

3 IEEE published a document that describes possibilities to cooperate with ISO
http://www.ieee802.org/minutes/jul2008/opening_reports/psdo1.pdf

4For further information �nd the ISO strategy plan under
http://www.iso.org/iso/isostrategies_2004-en.pdf
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between standards consortia and standard bodies, whereby both organizations
state to work together. In some cases these agreements precisely list the de-
gree of cooperation for each standard project.5 Liaison agreements are in most
cases �ad hoc� cooperations on a certain topic or problem that arises. David
and Shurmer (1996) describe the case of the DVB (Digital Video Broadcast-
ing) Group, a private industry consortium which was responsible for drafting
speci�cations that were later approved by ETSI (European Telecommunications
Standards Institute).
At a �rm level, there are many cases where �rms are member of both or-

ganizational forms. In this regard Hawkins (1999) names di¤erent coordination
bene�ts that arise from simultaneous participation in formal and informal stan-
dard setting. In a study of the Third Generation Partnership Project (3GPP),
Leiponen (2008) �nds that especially consortia with a close technical relation-
ship to 3GPP tend to have a high degree of member overlap with the ETSI
working groups. Leiponen (2008) further evidences a connection between con-
sortia membership and in�uence in the formal standard setting groups. Other
empirical contributions also con�rm a positive e¤ect of consortia participation
on the ability to introduce essential IPRs in standards (Blind and Pohlmann,
2011). A recent �nding of Delcamp and Leiponen (2011) provides evidence for
an increasing R&D cooperation between �rms that enter standards consortia.
While these recent contributions provide insights into the incentives and

bene�ts for companies to join consortia, they do not analyze the contribution
of consortia to the e¢ ciency of standard setting. However, we have seen that
main formal SDOs seek to intensify their cooperation with informal consortia.
Indeed, many consortia explicitly state as one of their objectives to �promote�,
to �facilitate�, to �support� or to �foster� the development of a technology
standard.6 Updegrove (1995) stresses that the main incentive for a �rm to join
a consortium is to promote the standard. Given that this qualitative evidence
indicates that the promotion of formal standards is a major goal of informal
consortia, it is surprising that this function has so far not received much atten-
tion in the economic literature. It is the goal of our paper to understand and
to assess the underlying e¤ect of consortia participation.
We will therefore propose a model of informal consortia accompanying formal

standardization. We suggest that consortia help to commit the participants on
successfully producing certain technology components for the standard, and
abstaining from rent-seeking strategies that are damageable to the collective
interest in developing the standard. The coordination e¤ect of consortia may in
practice be implicit; and in any case limited. We acknowledge that standards
consortia might not enable �rms to actually collude on the socially optimal levels
of R&D investment. We will present a theoretical model wherein consortia are
modeled as if their members were e¤ectively pursuing a collective interest; and
we will then test against the data whether the empirical e¤ect of consortia tends

5The IETF (Internet Engineering Task Force) publishes all liaison agreements per speci�-
cation https://datatracker.ietf.org/liaison/

6483 out of the 753 consortia listed on www.consortiuminfo.org explicitly mention at least
one of these goals for their activity.
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toward the direction predicted by the theoretical analysis.

3 Theoretical framework

We �rst develop a simple model describing collective investment to develop a
standard. We consider a standard which implementation generated a pro�t
market V in the industry. There are n �rms investing in the standard. The
R&D investment made by �rm i = 1; :; n is noted cxi where c is a constant
R&D cost parameter and xi is the number of patented inventions developed by

�rm i. The total number of patents related to the standard is thus X =
nP
i=1

xi.

The value V of the standard increases with the total R&D X dedicated to the
standard development: V 0 (X) > 0. We also posit that the marginal bene�t of
R&D is decreasing V 00 (X) < 0.
A share � of the the value of teh standard is appropriated by the patent

owners. This parameter � re�ects the friendliness of the IPR policy vis-à-vis
the patent owners (we have in particular � = 0 if essential patents are licensed
royalty free). The ability of �rm i = 1; :; n to appropriate part of the value
�V depends on its share of the total R&D expense xi=X. This ratio may
be interpreted as the likelihood that �rm i owns the single essential patent
associated to the standard or (which is probably more realistic) as �rm i�s share
of all the patents that are essential to the standard. Firms �nally di¤er according
to their share si of the market revenue �V generated by the standard, whereP
si = 1 and si = 0 denotes a pure R&D �rm.

3.1 R&D coordination failure in equilibrium

We study as a �rst step the case where each �rm makes its investment decision
separately. We will use this case as a benchmark to highlight possible coordi-
nation failure in R&D investments. The investment decision xi of �rm i results
from the program below:

max
xi>0

V (X)
h
si (1� �) +

xi
X
�
i
� cxi (1)

where

X =
nX
j=1

xj

The R&D investment made by the other �rms a¤ects �rm i�pro�t in two
di¤erent ways. A large X �rst increases the chances P (X) that the standard
will be successfully developed, but it also reduces the share xi=X �rm obtains of
the total licensing revenue. These two mechanisms are captured in two di¤erent
terms of the FOC of program (1):

V 0 (X)
h
si (1� �) +

xi
X
�
i
+ V (X)

X � xi
X2

� = c (2)
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The term in brackets captures the public good nature of the standard. It
implies in particular �rm i�s incentive to develop the standard is proportional to
the share of the pro�t it can derive from it. The second term on the right hand
side captures a patent race e¤ect: To appropriate some part of the expected
pro�t, �rm i needs to invest more the higher the aggregate investments of its
R&D competitors. While the �rst e¤ect may induce underinvestment in R&D
wrt to the optimal solution, the second e¤ect plays in the opposite direction.
Solving the program of all �rms i = 1; n, we can derive the joint R&D

investment X� in equilibrium. Comparing it with the outcome of the joint
pro�t maximization program leads to the following proposition.

Proposition 1 As compared with the collective optimum, there is overinvest-
ment (underinvestment) in equilibrium when the total revenu from licensing is
exceeds (does not exceed) the the total R&D cost. In any case, the discrepancy
between total R&D at optimum and in equilibrium increases with the number of
�rms involved in the standard setting process.

Proof. See Appendix
This Proposition �rstly states that either free riding or patent race may pre-

vail in equilibrium, coordination failure then resulting respectively in insu¢ cient
or excessive R&D spending. Which type of coordination failure depends on the
value of the standard, V , the share � of it that is appropriated by patent owners,
and the unit R&D cost c. By contrast, the number n of �rms investing in R&D
does not determine the type of coordination failure that prevails, but simply
its magnitude. The key result is that the condition for either type of failure to
prevail is captured by the balance between total licensing pro�t and the total
R&D cost in equilibrium:

�V (X�)�X�c (3)

If this expression is positive, licensing essential patents is pro�table per se.
The patent race pattern then prevails in equilibrium, entailing excessive joint
investment. By contrat, if expression (3) is negative, �rms cannot count on
licensing revenue only to recover their R&D costs. The free riding pattern is
then dominant, entailing insu¢ cient investment in equilibrium.
This simple condition provides us a simple and intuitive way to distinguish

between two types of equilibria and coordination failure. It is especially inter-
esting to observe that it can be disaggregated at the �rm level. Indeed, we can
derive directly from (3) that pure R&D �rms are pro�table only in a patent
race equilibrium entailing excessive investment:

�V (X�)�X�c > 0 , �
x�

X�V (X
�)� x�c > 0 (4)

We will thus use this corollary in our empirically strategy to infer the exis-
tence of a patent race equilibrium from the participation of one or more pure
R&D �rms.
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Corollary 2 The participation of pure R&D �rms is pro�table only in a situ-
ation of overinvestment.

3.2 R&D coordination through a consortium

Our purpose is to test whether the formation of a consortium between a subset
of the n �rms involved in the standard development can improve the R&D
e¢ ciency of teh standard setting process. At this point it is important to keep
in mind that consortia are not formal cooperation agreements between their
members: There is in particular no contracting between members. Coordination
is thus only based on voluntary information sharing between members, who
make no binding commitment in the process. Since such interactions are akin
to cheap-talk, it is questionnable whether they can e¤ectively result in a better
R&D coordination.
Rather than trying to explicitate the type of coordination mechanisms that

may take place within consortium, our approach consists in testing whether the
formation of a consortium ampli�es or mitigates the R&D coordination failures
associated to collective standard development. Based on the previous analysis
of fully uncoordinated decisions, we have identi�ed two possible patterns of co-
ordination failures, from which we can induce the e¤ect of a better coordination
enabled by consortia. For this purpose, we �rst characterize R&D equilibria
under the heroic assumption of a fully cooperative consortium. We can then
infer from this extreme scenario several testable assumptions regarding a weaker
coordination e¤ect that should play in the same direction.
We de�ne a full coordination consortium as an R&D alliance between k �rms

undertaking R&D to develop the standard. For each �rm i = 1; :n we will note
�i = 1 if the �rm is part of the alliance and �i = 0 otherwise. The consortium
then maximizes the following program, where xk denotes the R&D investment
of one of the k members:

max
Xk

V (X)

�
sk (1� �) +

Xk
X
�

�
�Xk (5)

By solving this program and combining the result with the other FOC as
expressed in (2), we can derive the following Proposition:

Proposition 3 Full cooperation between the members of a consortium induces
an increase (respectively a decrease) in total R&D when the initial equilibrium
involves insu¢ cient (excessive) R&D. The type of coordination failure prevail-
ing in absence of a consortium is mitigated but is not suppressed unless the
consortium involves all n �rms.

Proof. See Appendix
The Proposition establishes that full cooperation between the k 2 [2; n]

members of a consortium alleviates the coordination failure�be it free riding or
patent race�at the aggregate level of total R&D performed by members and
non-members. Hence the e¤ect of perfect coordination within the consortium
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is either an increase or a decrease in total R&D depending on the type of R&D
equilibrium prevailing initially. This result is quite intuitive: It can be under-
stood as a decrease (from n to n� k+1) of the number of �rms involved in the
standard, entailing in turn a decrease thus of the magnitude of the coordination
problem.
It is possible to go further in the analysis of R&D decision at �rm level by

specifying the relation between total R&D and the standard�s value. We assume
here that the standard�s value is a Poisson function of total R&D, where the
expected duration of the standard development process depends on the total
R&D initially invested by the �rms. Letting r and � denote respectively the
discount rate and the Poisson hit rate, and taking V as the exogenous market
value of the standard, we have then:

V (X) =
�XV

r + �X

Assuming symmetric market shares for the sake of simplicity, we can then
calculate how a �rm would change its R&D strategy following its entry as a new
member in the consortium:

Proposition 4 A new member of a full-cooperation consortium increases (re-
spectively decreases) its R&D e¤ort when the initial equilibrium involves insuf-
�cient (excessive) R&D.

Proof. See Appendix
This Proposition establishes that the R&D in�ating or de�ating e¤ect of a

consortium is borne by its members. In a situation of underinvestment, the
members of the consortium will coordinate so as to increase their joint R&D
e¤ort, thereby increasing the likelihood that the standard be developed quickly.
In the reverse situation of excessive investment, the members of the consortium
will jointly reduce their R&D, thereby mitigating wasteful investments due to
strategic patent race.
Although these results rely on the strong assumption of full cooperation be-

tween a coalition of �rms, they point towards clear and simple e¤ects of a better
coordination between the members of the consortium. Indeed, the expected ef-
fect of better coordination is basically driven by the type of coordination failure
that prevails initially, and it is borne by the subgroup of �rms that coordinate
with each other. It seems thus reasonable to use the full cooperation scenario
as a reference point to derive a set of more general testable hypotheses about
the expected e¤ect of a weak coordination form within a consortium:

Hypothesys 1
1a: When standard development entails underinvestment, a �rm

joining a consortium will increase its R&D spending
1b: When standard development entails overinvestment, a �rm

joining a consortium will decrease its R&D spending

Hypothesys 2
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2a: When standard development entails underinvestment, a larger
consortium induces more total R&D.
2b: When standard development entails overinvestment, a larger

consortium induces less total R&D.
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4 Empirical analysis

4.1 Methodology

In order to test our theoretical model and to measure the e¤ect of consortia
on R&D investment in the standard setting context, we constructed a com-
prehensive dataset of technological standards including essential patents. Our
sample includes all ICT standards complying with objective selection criteria:
for instance, they are issued between 1992 and 2008, and they are issued by one
of the major formal SDOs which operate on an international level: ISO, IEC,
JTC1 �a joint committee of ISO and IEC �CEN/CENELEC, ITU-T, ITU-R,
ETSI, and IEEE. We thereby exclude standards that are exclusively developed
by informal consortia, such as BluRay. We restrict the analysis to formal stan-
dards, as our analysis deals with the interaction between formal standardization
and R&D cooperation in a companion consortium. Furthermore, formal SDOs
abide to comparable rules. This makes sure that no major bias results from
di¤erent procedures for selecting technological components. Finally, restricting
the analysis to the SDOs in our sample guarantees that we observe a type of
standard development that is open in the sense of our model.
We furthermore restrict the analysis to standards including at least one

essential patent. Companies that own IPRs which are essential to a standard,
provide this information to the respective standard setting organization. We
downloaded these patent declarations at the websites of the above-mentioned
SDOs in March 2010. In total we identi�ed over 1400 technological standards
for which at least one essential patent has been declared. We concentrate upon
these standards, as the prospect of royalty income from essential patents is a
determinant driving factor of the model. As we can include only standards where
at least two companies contribute, and as we can measure R&D investment only
in the cases where the essential patents are clearly designated, the sample that
is available for econometric analysis is limited to 578 standards.
In a next step, we identi�ed for each standard in our sample the �rms con-

tributing relevant R&D. For our purposes, contributing �rms are de�ned as the
�rms declaring essential patents. This de�nition yields a list of 242 di¤erent
companies. These �rms are observed over the whole period, we therefore do not
assume that companies �enter�the R&D market for a speci�c standard at any
speci�c point. We inform these �rms by the amount of sales per year, R&D ex-
penditure per year and employees per year. Using the speci�c sector code of the
�rm�s main active industry (SIC), we are able to classify our sample by sector
dummies7 . In addition we classi�ed each company with respect to its vertical
integration8 . Thus we distinguish between pure R&D �rms, manufacturer and
net provider.
We connected the �rm level data to the speci�c standard information and

7We used the Thomson one Banker database to match the respective �rm level data.
8We used the extended business model description in the Thomson One Banker database

and compared our classi�cation to the list of companies identi�ed by Layne-Farrar and Lerner
(2010)
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built up a panel of company-standard pairs observed over a time span of 17 years
(1992-2008). Thus we are able to work with 1081 company standard pairs and a
maximum of 20.652 observations9 . For each of these observations, we build up
variables with speci�c information on company-standard pairs over time. For
instance, these variables include the amount of patents �led by the respective
company in the technological �eld of the respective standard, and a dummy
variable indicating whether the company takes part in a consortium for this
particular standard. We furthermore inform a large series of control variables
relative to the company (overall R&D spending, sales) and the standard (age of
the standard, releases, amendments, number of pages). Time-invariant factors
a¤ecting the �rm, the standard or the relationship between both are captured
by company-standard pair �xed e¤ects.
As we are interested in measuring the R&D investment regarding a particular

standard, we build up a standard-speci�c measure of �rm R&D investment. We
use patent �les in the relevant technological �eld as our explained variable. The
relevant technological �eld for each standard is identi�ed using the 7-digit IPC
classi�cation of the declared essential patents. We are thereby able to identify
the relevant technological classes (IPC) that are relevant for each standard at a
very precise level. The distinct combination of IPCs per standard was then used
to identify the patent �ling behavior of each �rm with respect to each standard.
We identi�ed all ICT patents �led from 1992 to 2008 by the companies in

our sample at the three major patent o¢ ces (USPTO, JPO and EPO), us-
ing the PatStat database and the merging methods of Thoma et al. (2010).
This merging yields 13 million patent �les. We aggregated these patents to
INPADOC patent families and informed for each patent the IPC classi�cation
and the year of application. To create our explained variable, we computed for
each company-standard pair and year the number of patents �led this year by
this company in the relevant IPC classes.
This method is a novel way of measuring standard-speci�c R&D investment,

and deserves robustness analyzsis proving that our methodology is successful in
measuring R&D related to an important formal ICT standard. An important
argument corroborating our measurement strategy is shown in Figure 1. We run
Negative Binomail regressions on our proposed dependent variable, controlling
for �xed e¤ects and year dummies. Furthermore, we include dummies for each
full six-month period since or up to �rst release of the standard. The �gure plots
the coe¢ cients of these single values of periods before and after standard release.
It can be seen in this �gure that the coe¢ cients are highest for the periods
preceeding standard release, and decrease the further we move away from this
period. This �nding reassures us that our variable captures the innovation
for a speci�c standard, which indeed is expected to culminate in the period
immediately preceeding standard release.

9Due to data constraints, the actual number of observations for our econometric analysis
is however limited to approximately 6.000 observations.
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Figure 1.

In our model we assume that �rms are able to join a R&D alliance to develop
a standard. In the context of standard setting �rms often participate in informal
standards consortia that either produce standards that are later accredited by
formal standard bodies, or follow up standards and later accomplish important
contributions to standard setting. To identify consortia which are connected to
the standards of our sample, we use data from the 15 editions of the CEN survey
of ICT consortia, identifying 453 informal consortia since 1998. In a �rst step,
we select appropriate consortia by informing the technological �eld in which
they operate. The concrete connection to a standard in our sample is made
using information from liaison agreements and information on the consortia
and SDO web pages. For instance, a connection can be identi�ed, when a
consortium explicitly references a formal standard, or when a standard has been
submitted to the formal SDO by an informal consortium. We are conservative
in establishing the connections, resulting in a narrow list of 14 consortia. The
list of consortia and their linkage to formal standards is provided in Appendix.
Using information on the websites of the consortia as well as internet archives
(www.archive.org) and internet databases (www.consortiuminfo.org), we inform
consortium membership over time. We are thus able to connect the membership
data of each consortium to the respective company standard pair of our sample.

4.2 Measurements of over and under investment

One basic contribution of our analysis is the comparison of over- and under
investment in standardization. We assume that situations of overinvestment
can be identi�ed when pure R&D �rms participate to a standard. These �rms
�nd it only pro�table to invest in standards when they are able to generate

13



returns, for instance royalties under RAND conditions. We use this prediction
as identi�cation strategy for our empirical sampling of standards.
It is the aim of this section to provide evidence that our methodology is

successful in identifying di¤erent situations of investment behavior. Therefore
we label our observations of company standard pairs with overinvestment when
pure R&D �rms participate in the respective standard. We apply the same
method for underinvestment vice versa. We measure participation in a standard
with our database of co-declaring companies. We thus observe only �rms that
declare patents on a respective standard to be participants. The classi�cation of
pure R&D �rms is grounded on the extended business description of the Thom-
son One Banker database and the list of companies identi�ed by Layne-Farrar
and Lerner (2010). To further validate and extend this classi�cation we plot
residual values of two regression results (Figure 2). We �rst run a cross section
poisson regression of the mean number of patent �les from 2000 until 2009. We
connect our �rm speci�c variables (sales, employees, R&D expenditure, sector)
with the information of our standards (number of pages, cumulative number of
version releases, standard age, technological standard classes) to create explana-
tory variables and controls. We use these same independent variables for our
second regression to explain the mean number of patent declarations (regression
results in appendix1). Using the label of over- and underinvestment as to the
classi�cation discussed above, we plot the residual results of both regression in
a graph (�gure 2). The X values are residuals from the patent �les regression;
the Y values represent residuals from the patent declaration regression.
We assume negative residuals to be an indicator of underinvestment, whereas

positive results represent the opposite. This visual sampling further di¤erenti-
ates our classi�cation of over- and underinvestment. When comparing residuals
of patent �les, our �rst labeling of over- and underinvestment apparently proves
to be a su¢ cient classi�cation, but lacks to exclusively identify all standards
with overinvestment. Residuals of patent declarations however illustrate am-
biguous results. We interpret results from our second regression to less likely
measure standard speci�c R&D investment, but rather a strategic interest in
declaring essential patents (Baron and Pohlmann, 2011).
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Figure 2. Scatter plot of residual values labeled with over- and
underinvestment

Our results verify our classi�cation of overinvestment, since all residual val-
ues of the patent �le regression are positive (positive X values). The classi�ca-
tion of underinvestment seems to be not yet su¢ cient. The majority of labeled
underinvestment standards have negative residuals (negative X values), but we
still �nd a group of observations with positive residual values. To further test
the robustness of our regressions, we can apply the classi�cation as to residual
values of the patent �les regression.

5 Empirical results

We run panel regressions to test the empirical implications of our theoretical
model. As explained, we have constructed a panel of company-standard pairs
for a time-span covering 17 years from 1992 to 2008. Our explained variable is
patent �les per year, per company and per standard. We only count patent �les
of one company when they touch the technical classes that are relevant for the
respective standard in question. Since our explained variable is over-dispersed
with respect to a poisson distribution, we are using a negative binominal estima-
tor. We run a �xed-e¤ects regression to control for time-invariant company and
standard characteristics. The baseline investment scenario over the life-cycle of

15



the standard is controlled for using the standard age variable, i.e. the di¤erence
between the year of observation and the year of standard release. As discussed,
patent �les peak close to the year of standard release. In order to control for this
inverted U-shape, we include both standard age and its square. We furthermore
include year dummies to control for policy and other shocks a¤ecting the overall
number of patent �les.
We measure two di¤erent e¤ects of consortia on the number of patent �les.

First, we measure a direct coordination e¤ect on the patenting strategies of
consortia members. Therefore, a �rst model is tested with a dummy variable
for consortia membership. This dummy variable is time-variant, and we can
exploit substantial variation in the data resulting from entries and exits observed
over time. Second, we measure the overall coordination e¤ect of consortia on
the patenting strategies of all �rms. We assume that this e¤ect depends upon
the degree of coordination among �rms. We therefore propose a second model,
in which the e¤ect of consortia is tested using a variable indicating the share
of consortia members among �rms contributing patents to a standard. This
variable is equal for all companies on the same standard and in the same year.
As discussed, we predict that the e¤ect of consortia on patenting depends

upon whether the standard is initially characterized by over- or underinvest-
ment. We have proposed and discussed an identi�cation strategy for standards
characterized by overinvestment. For this purpose, we will rely upon the pres-
ence of pure R&D �rms among the contributors of essential patents. We ac-
knowledge that the presence of pure R&D �rms is a su¢ cient, but not a nec-
essary indicator for an equilibrium of overinvestment. However, this strategy
should in principle be reliable in identifying a sample of standards all charac-
terized by overinvestment.
We therefore estimate the two econometric models separately in the two

samples of standards. Table 2 presents the results of the regressions on the
sample of standards classi�ed in the sample of overinvestment. As predicted
by the theory, consortia membership signi�cantly reduces patent �les related to
the standard in this sample. This �nding is coherent with our hypothesis on
the e¤ects of consortia in cases of overinvestment. However, we do not �nd a
signi�cant e¤ect of the share consortia members in the number of patent holding
companies. The standard age controls show once again the strongly signi�cant
link of our explained variable to the standard life cycle.

Dependent variable: Annual patent �les per company-standard pair
Model 1 Model 2

Consortia membership -.3372597***
Share of �rms in consortia .1471959
Standard age .008687*** .0384031***
Standard age (squared) -.0000162*** -.0000449***
Year dummies Yes Yes
Notes: Fixed e¤ect estimation by negative binomial on �rm-consortia pairs.

2,729 observation, 152 groups.
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Table 2: Standards with pure R&D �rms

Table 3 presents the results on the sample of standards with no pure R&D
�rms. These results are fully in line with our theoretical model. As predicted,
we �nd that consortia membership has a positive and signi�cant e¤ect on patent
�les in this sample. Furthermore, also the share of consortia members in the
number of participating �rms has a positive and signi�cant e¤ect. This �nding
corroborates the theoretical proposition on the role of consortia in a case of free
riding. Also in this sample the standard age controls provide signi�cant support
to our claim that we measure innovation related to the standard setting process.

Dependent variable: Annual patent �les per company-standard pair
Model 1 Model 2

Consortia membership .1422048**
Share of �rms in consortia .1471959*
Standard age .0040118*** .0117448***
Standard age (squared) -6.78e-06*** -.0000153***
Year dummies Yes Yes
Notes: Fixed e¤ect estimation by negative binomial on �rm-consortia pairs.

2,729 observation, 152 groups.

Table 3: Standards without pure R&D �rms

6 Conclusion

This paper investigates the role of consortia in coordinating the R&D invest-
ments of �rms involved in the development of new standards. Based on a the-
oretical model capturing the �rms�incentives to invest in R&D for standards,
we have highlighted two possible coordination failures of such joint innovation.
When the licensing revenue from essential patents is low, R&D for standards is
mainly driven by market incentives for future producers of standard-compliant
products. In this case standards are a form public good, and their R&D de-
velopment is subject to free-riding, entailing ine¢ ciently low R&D investments.
By contrast, some standards also give �rms an opportunity to derive substan-
tial licensing revenue from their essential patents. The equilibrium may then
involve a patent race for preempting the essential patents, and therefore socially
wasteful investment. We also show that pure R&D �rms will participate in the
standard setting development process only in the latter type of equilibrium.
We test empirically the capability of consortia to address these two types

of ine¢ ciency by improving R&D coordination. More precisely, our theoretical
setting suggests that a �rm joing a consortia will increase (respectively) decrease
its R&D e¤ort when standard development is subject to a free-riding (respec-
tively a patent race) problem. We also expect to observe the relative size of the
consortia to have same e¤ect at the aggregate R&D level (including non-member
�rms). Our empirical analysis is based on a rich dataset of 242 �rms claiming
patents on 578 ICT standards. We use essential patents declarations to identify
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�rms those �rms, and the technology �elds (as de�ned by their IPC classes) that
are closely related to the standard. Drawing on this information, we can then
use the number of patents �led by the �rms in these technology �elds as a proxy
of their R&D output related to the standard. We �nally use the participation
of pure R&D �rms as a �lter to identify the subset of standards that are subject
to a patent race equilibrium. We use the remaining standards to test results
about free riding, although the sample may also include false negatives.
Controlling for the development stages of the standard, we �nd signi�cant

e¤ects of consortia that are broadly consistent with our theoretical model. Join-
ing a consortia has a positive (respectively negative) e¤ect on the new member�s
patent �ling when pure R&D �rms are (not) involved in the standard setting
process. The relative size of the standard has a signi�cant e¤ect only for stan-
dards that do not involve pure R&D �rms, and as expected this e¤ect is positive.
These results thus seem to con�rm both the existence of two opposite types of
coordination failure (free riding or patent race) depending on the standards,
and the capability of consortia to alliviates those failures.
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Appendix:

Proof of Proposition 1

Optimal R&D investment. Since R&D costs are linear, a social planner

would choose the total investment X =
nP
i=1

x according to the program below:

max
X
V (X)� cX

The �rst order condition is straightforward:

V 0
� bX� = c (6)

R&D investment in equilibrium. By summing the FOC for all �rms,
we can obtain an implicit de�nition of the total R&D e¤ort X� at equilibrium.
Taking into account the participation constraint of pure R&D �rms, we obtain
two di¤erent cases

1

n

�
V 0 (X�) + V (X�)

n� 1
X� �

�
= c (7)

From equations (7) and (2), we de�ne the private and social marginal bene�ts
of R&D such that MR (X) = c=V :

MRn (X) =
1

n

�
V 0 (X) + V (X)

n� 1
X

�

�
MRw (X) = V 0 (X)

By comparing them it comes easily that

MRw > MRen
,

�V (X)�XV 0 (X) < 0 (8)

From (7) it comes in turn that:

�V (X�)�X�V 0 (X�) =
n

V
[V (X�) � �X�c]

Hence:

MRw > MRen
,

�V (X�)�X�c < �

E¤ect of the number of �rms.By applying the envelop theorem to (7)
we can identify the e¤ect of n:
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dX�

dn
= � �V (X�)� cX�

X�V 00 (X�)V + X�V 0(X�)�V (X�)
X� (n� 1) �

It can be checked easily that denominator of this expression is always nega-
tive. Hence

sign
dX�

dn
= sign [V (X�) � � cX�]

Proof of Proposition 3

The FOC of program (5) is:

V 0 (X)

�
sk (1� �) +

Xk

X
�

�
+ V (X)

X �Xk

X2
� = c

where Xk =
P
xk and X�k = X � Xk. Summing this condition with the

(n� k) individual FOC of the remaining �rms (as given by equation (2)) and
simplifying gives the total R&D at equilibrium as an implicit function of the
size of the coalition:

V 0 (X�) + (n� k) V (X
�)

X� � = (n� k + 1) c

By implicit di¤erentiation ofX� with respect to k, we can establish the following
result:

dX�

dk
=

�V (X�)� cX�

X�V 00 (X�) + X�V 0(X�)�V (X�)
X� (n� k) �

The denominator of thus expression is clearly negative. Hence:

sign
dX�

dk
= sign� [�V (X�)� cX�]

We then know from the previous section that the e¤ect of an R&D alliance
depends on the comparison beween total investment at equilibrium and the
social optimum.

Proof of Proposition 4

In equilibrium, the FOC of a �rm within and outside the consortia are:8<: V 0 (X�)
h
sk (1� �) + X�

k

X� �
i
+ V (X�)

X��X�
k

X�2 � = c

V 0 (X�)
h
si (1� �) + x�i

X� �
i
+ V (X�)

X�x�i
X�2 � = c

where x�k and x
�
i denote respectively the individual investment of a consor-

tium member and outsider in equilibrium. By rearranging these expressions, we
can obtain:
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8<: V (X�)
X�
k

X� � �X�V 0 (X�)
h
sk (1� �) + X�

k

X� �
i
= �V (X�)� cX�

V (X�)
x�i
X� � �X�V 0 (X�)

h
si (1� �) + x�i

X� �
i
= �V (X�)� cX�

and consequently (the terms on the right hand sides being equal):

(sk � si) (1� �)X�V 0 (X�) + � [X�V 0 (X�)� V (X�)]

�
X�
k � x�i
X�

�
= 0

When can then obtain a measure of the �rms�contribution to the total R&D
investment:

x�i �X�
k

X� = (si � sk)
1� �
�

X�V 0 (X�)

V (X�)�X�V 0 (X�)

and

x�i = (si � sk)A+X�
k

where

A � 1� �
�

(X�)
2
V 0 (X�)

V (X�)�X�V 0 (X�)
> 0

=
1� �
�

r

�

Since X�
k = X

� �
P
x�i we have:

X�
k = X� �

X
(si � sk)A� (n� k)X�

k

= X� �A [1� (n� k + 1) sk]� (n� k)X�
k

,

X�
k =

X�

n� k + 1 +A
�
sk �

1

n� k + 1

�
and thus

x�i = (si � sk)A+X�
k

=
X�

n� k + 1 +A
�
si �

1

n� k + 1

�
using the poisson speci�cation and rearranging, this becomes:

X�
k =

X�

n� k + 1 +
1� �
�

r

�

�
sk �

1

n� k + 1

�
x�i =

X�

n� k + 1 +
1� �
�

r

�

�
si �

1

n� k + 1

�
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E¤ect of a �rm joining the consortium on this �rm�s R&D: Noting
si =

sk
k =

1
n we have:

X�
k+1

k + 1
> x�i;k , X�

k+1 �X�
k >

k (n� k)� 1
n� k + 1

�
X�
k �

1� �
�

r

�

�
x�i;k+1 > x�i;k , X�

k+1 �X�
k >

1

n� k + 1

�
1� �
�

r

�
�X�

k

�
where

X�
kP

0 (X�
k)

P (X�
k)

< � , 1� �
�

r

�
< X�

k

Hence a �rm joining a consortium will invest more (respectively less) if the
standard entails insu¢ cient excessive total R&D. By contrast, an increase in
the size of the consortium has an ambiguous e¤ect on the R&D investment of
�rms that remain out of the consortium.
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Consortia and their linkage to formal standards
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Cross section regression of the mean number of patent �les
and patent declarations
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