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Abstract: Technological standards in Information and Commatian Technologies (ICT)
face a permanent tension between ensuring a stableological basis and keeping up
with technological progress. Standard makers cartied with technological change can
often choose between replacing old by new standandsupgrading existing standards.
This article investigates how this trade-off iseafed by the existence of patents on
standard components. Using a database of over 3jd6frent ICT standards, we find that
essential patents reduce the likelihood of standamlacement, but increase the rate at
which standards are upgraded. We argue that thgggades reflect an increase in the
firms’ investment in improving the existing startlavhich can partly explain the effect of
patents on the rate of replacement. Neverthelesse rinequent version upgrades do not
fully capture this effect, and we therefore alse seme evidence for a slowdown in
standard replacement induced by frictions and \eestterests.
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1. Introduction

Technological standards include an increasing nundjestandard-essential patented technologies
(Bekkers et al., 2012). A patent is called esskiitiais necessarily infringed by any implemertet of

the standard. Recent contributions show that tldusion of patented technology into a standard
increases the value of the patent (Rysman and ®in&@08). This increased value is an incentive for
companies to adjust their patent filing stratedg@esngoing standardization (Berger et al., 2018} &
build up strategic alliances in order to influertbe selection process in standardization (Leiponen,
2008). The positioning of the firm even has a gg@rimpact on the inclusion of a patented technplog
into a standard than the technological merit ofgghtent itself (Bekkers et al., 2011).

While these advances have improved our understgndinthe incentives and strategies of firms
contributing patented technologies to a standarl,kmow less about the consequences of essential
patents for standardization and standard usersenksk patents are often presented as discouraging
standard adoption, because standard adoptersoféertield up by owners of essential patents are to
faced with exorbitant requests for royalties (Legyrdad Shapiro, 2006). There is also the concerrthiea
high number of patents could lead to patent thick8hapiro, 2001) and vested interests (Simcoe2)201
which may hamper and slow down standardizationgsses. Nevertheless, it is important to also see th
potential benefits of essential patents in addngsshefficiencies in standardization. Once their
technology included, firms have a private intefiestmproving the standard to protect it from being
replaced by rival technologies. Holders of essépttents thus become platform leaders for thedsti@h
(Cusumano and Gawer, 2002), and have an incergigpdnsor standard adoption (Katz and Shapiro,
1986) and to promote coordinated technological gagBresnahan and Greenstein, 1999, Cusumano and
Gawer, 2002). As a result, essential patents maaly accelerate the technological progress dftexg

standards and encourage their implementation.

It is the aim of this article to have a more conmemsive understanding of these mechanisms. In
particular, we analyze the effect of patents onetelution of standards after their release. Statwla
need to respond continuously to technological iation, as outdated standards can become an
impediment to technological progress. In orderntegrate new technology, standard setters can often
choose between replacement and upgrade of theingxistandard. While a standard upgrade only
incrementally improves upon an existing standamhdard replacement indicates a more radical change
in the underlying technology. On the one hand, mrespnce of fundamental innovation, standard
replacement may be necessary in order to fullygnatie the advances in the state of the art. Owttier

hand, standard replacement can induce loss of lmdkeompatibility and impose higher implementation



costs upon standard users compared to standarddgsgrBased upon these insights, we investigate the
frequency of upgrade and replacement of standardading essential patents, as compared to other

standards.

We rely upon a comprehensive database of’kandards released from 1988 to 2008. This dataset
includes detailed information for over 3,566 jure standards issued by formal standardization bodies.
We match the standards in our sample to a compseleedatabase of patents declared to be essemtial a

furthermore inform for each standard class the dgpdetechnological progress, as measured by the

number of patent files in the related technologiiedd.

We wish to dissociate the causal effects of esalgpgitents from the general characteristics ofdsteds
more likely to include patents. Essential patestsdtto concentrate on highly valuable, technology-
intensive standards (Rysman and Simcoe, 2008).rdieroto deal with this bias, we construct an
appropriate control sample based upon the chaistaterof the standard and the technological field.
Second, we estimate the hazard rate of standandcespent over time, controlling for relevant
technological events. The results show that esdematents reduce the likelihood of standard
replacement, but increase the likelihood of upgradesion replacement). While standard upgrades
temporarily reduce the risk of standard replaceimieat effect of essential patents on standardrtifet
cannot be explained by more frequent upgrades. firfding thus provides evidence for a lock-in effec

of essential patents on ICT standards.

Our findings have several managerial implicatidfm. potential standard adopters, essential patamts
signal that the standards will be regularly impibead are less at risk of an early replacemenerifiss
patents could thus reduce technological uncertaintyencourage standard adoption. This positiereff
of essential patents on standard adoption couldteoneigh the well-known negative effects assodiate
with the risk of patent holdup. For patent holddtss is an argument for transparent disclosure of
essential patents, weighing against the profitgbdf “patent ambush” strategies and other incetifor

late patent disclosure (Ganglmair and Tarantindl220For standardizing firms, our findings have
ambiguous implications on the costs and benefitsebécting patented technology. On the one hand,
inclusion of patented technology provides the sdashdvith sponsors who have incentives to invest in
standard improvements. On the other hand, the siwrluof essential patents may give rise to vested

interest and compromise future changes of the atdnd

2 As to Baron and Pohlmann (2011) 98 % of all esaepttents can be found in ICT standards



2. Analytical Framework

Inertia and momentum in the innovation of netwedtinologies

Advanced ICT technologies often build upon thousaoficomplementary technological ideas that are
individually invented, but brought to the market andiscrete number of “generatiorsif a new,
incompatible generation is brought to the marksg¢rsi must decide whether or not to incur the switch
cost in order to benefit from the newer technoldgye value of the new technology to the users hewev
crucially depends upon how many other users decidavitch. Markets where adoption decisions are
made independently can therefore be subject to ritaupb coordination failures, such as lock-in of
outdated technologies, or stranding of adoptera okw technology that fails to attract further aser
(Farrell and Saloner, 1986).

Adopters of a new technology require that the tetdgy will be kept in place for a sufficient time t
justify the costs of adoption. Users of a new tedtbgy need to invest in new devices or in vintage-
specific human capital, and manufacturers and semioviders need to invest in new production chain
and new services. These adoption costs are sunkvhad the future evolution of the technology is
uncertain, some users will not take the risk ofpdishy the technology (Balcer and Lippman, 1984).
However, if a substantial number of users switcth®new technology, users of the old technology ar
stranded and suffer from loss of network effectr (@l and Saloner, 1985). It is therefore crubiala
provider of a new network technology that he caargatee the stability of the new technology over
some time, and too frequent innovations in the ostvare socially detrimental. Nevertheless, network
technologies also exhibit a tendency to lock-in @xdessive inertia. Once markets widely adopt a
technology; switching costs and the risks of lackrAcrease (Arthur, 1989). New technologies cars thu
be introduced at a too low frequency, and the uses implementers of the technology incur the
opportunity cost of not using the best technologgilable. Lock-in of installed technologies does
however not necessarily prohibit technological pesg. An installed technology is usually subject to
continuous incremental progress along a technabgrajectory. These trajectories are defined k& th
technological paradigms of the underlying technimalgbasis. Lock-in of installed technologies hoeev
prevents shifting from one technological trajectdoya superior trajectory through a discontinuous

technological change or paradigm shift (Dosi, 1985)

% Generations of mobile phone standards are goodhmea for this process. Since the release of itst fi
specifications in 1990, the GSM standard has caatinevolving in order to integrate new functionast for
instance related to mobile internet connection. deless, in order to obtain more significant @ases especially
in data transmission rates, UMTS, a new standaridlibg upon a very different coding technology, hadbe
developed (Bekkers, 2001, Bekkers and Martinelll,2)



The socially optimal rate of introducing new teclugies thus strikes a balance between the discrete
costs of developing and adopting new technologrethe one hand, and the continuous opportunity cost
of using an outdated technology or moving alongnéerior technological trajectory on the other hand
Uncoordinated deployment and adoption of new néiwechnologies can deviate from this socially
optimal rate in both directions, yielding eithercegsive inertia or excessive momentum (Farrell and
Saloner, 1985). Katz and Shapiro (1986) show that dwner of a proprietary technology has an
incentive to sponsor adoption costs, thereby douting to the efficiency of standard adoption pes&es.
Clements (2005) however finds that the incentiviemnoowner of a proprietary technology to have & ne
standard adopted deviate from what would be sgcafitimal and can induce excessive inertia or

momentum.

Formal standardization as coordination device

In practice, coordinated standardization insidenfdrstandard bodies plays a crucial role in overagm
inefficiencies in the process of deploying new l&thnologies (Farrell and Klemperer, 2007). Stagslar
set a common technological architecture, ensurepathility and substantially reduce the risk foeth
developers and adopters of new technology (Tag{80).. The different generations of technology are
embedded in different generations of standards. i$kgance and adoption of a new standard thus
determines the common adoption of thousands of Engntary technological inventions resulting in a
new technological platforfn This process can take place more or less frelyiemtd the technological

progress incorporated in a standard with respeits fwredecessor can be more or less important.

The economic literature has addressed the issimeidia and momentum in standard replacement mainly
for the case of uncoordinated adoption deciSiofiening is however a crucial problem also for falm
standardization. Formal standardization resultsiter coordination on the best technology, buteoat

the cost of decreased speed (Farrell and Salo888).1Formal standard setting bodies face an import
tension between responding to an advancing teciwalofrontier and fixing a stable technologicatisa

for creating compatible products and investing ppleations and implementation (Egyedi and Hejnen
2005, Blind and Egyedi, 2008). Technological chaegerts a constant pressure on standard setting
bodies to revise existing standards. Consisteatiyempirical analysis of factors influencing tHetlime

of national ICT standards (Blind, 2007) has revedlteat standard survival time decreases with tieedp

of innovation, as measured by patent files in I@Thie respective country.

* For recent case studies of the interplay betwesrdardization and innovation, see Bekkers and iMadiit(2012)
and Fontana et al. (2009).
5 Farrell and Saloner (1985, 1986), Katz and Shapli®92), De Bijl and Goyal (1995), Kristiansen (899



While standard bodies coordinate on adoption daassi both advances in the technological frontier
resulting in opportunities for new standard gerienat and the development of improvements and
implementations of existing standards are subjedndependent investment decisions. Investment in
R&D for new standards or applications of existirignslards is subject to complex strategic alliances
(Leiponen, 2008) and potential coordination faitu(@aron et al., 2011). The incentives of firms to
invest in R&D and to develop applications dependruthe extent to which technology holders can use

patents to appropriate important parts of the vgkreerated by the standard.

The role of essential patents

Essential patents play an important role in stathidation, as they provide incentives for firms &velop
technologies for standards and to contribute toetfiert of standardization. Standardization entails
costly private investment into a public good (Kielgiérger, 1983). Due to this externality, standard
makers underinvest in developing and improving ddatls. The prospect to include their proprietary
technology into technological standards is an irtgsdrincentive for firms to increase their invesinia
standardization (Rysman and Simcoe, 2008). Patdders also have a stronger private interest teshv

in improvements of existing standards if they caeoup the costs through licensing fees. Standaeda a
good illustration of the argument raised by Kitd®17) that Intellectual Property Rights are impuairta
for innovation not only as a reward for succesafabvators, but also to ensure incentives in caiotirs
investment in improving the protected technologynpiical findings show that patents reduce
uncertainty to incur investments that are compleargrio a specific technological choice (McGratld an
Nerkar, 2004, Arora et al 2008). However, thersadar no evidence for such effects of patentsdhat
essential to standards. The incentive to regulaplyrade a standard is particularly strong for owrodr
essential patents when the technological evolufionthe sector generates pressure for standard
replacement. Holders of essential patents havaaaniive to develop and advocate continuous mdrgina
improvements that avoid challenges from incompatiblaling technologies. West and Dedrick (2000)
and Dedrick (2003) show that IPRs are an impottzoitfor allowing the owner of a platform to coriteo
coherent evolution of the platform architecture.the inclusion of essential patents signals that th
standard will be regularly improved, but faces lesk of replacement, essential patents could bésa
valuable commitment device that encourages standgttmentation and reduces welfare losses from

under-investment in standard adoption.

In spite of these virtues, essential patents hé&see drawbacks for standardization. For instancesrna
on formal standards can generate conflicts amaosgdard makers regarding the shares of proprietary

technology covered by the standard. Evidence fisrdbncern can for instance be found in the survey



which is part of the “EU Study on The Interplay I®fR and Standards”. Surveyed practitioners see
consensus reaching and the speed of standardizatiorsses to be the most negatively affectedsfield
when essential IPRs are introduced to a standdid(Bt al., 2011). Essential patents can leadtime-
consuming «war of attrition » in building consemisan a new standard (Farrell and Simcoe, 2009;
Simcoe 2012). Practitioners report cases in whadddrs of patented technologwéuld only agree to a
certain standard if they are allowed to integrateeit technology, which makes the standardization
process more complex and time-consuming and sogsetwen induces errors on produétgConflicts
between holders of technology are even more lit@lgelay standard replacement than the development
of a completely new standard. As formal standardel@ment is, at least in principle, a consensus
decision, owners of components of the existingdsiesh can oppose to any standard replacement unless

they are fully compensated by sponsors of the riemdard.

From the academic literature and practitioner statds, we thus draw the following hypotheses: first
essential patents allow some degree of internalizadf the costs of standard improvements and
therefore provide incentives for a more regulaestiment in standard upgrades. More frequent upgrade

also delay standard obsolescence.

Hypothesis 1: The inclusion of essential patents leads to moequient standard upgrades, thereby

reducing the risk of standard replacement.

Second, as holders of essential patents have antine to oppose standard replacement and excla$ion
their proprietary technological components from #tendard, essential patents are expected to delay

standard replacement.

Hypothesis 2: Essential patents reduce the risk of standaridecement even controlling for their effect

on standard upgrades.

We will test these hypotheses empirically using parative and econometric analysis.

6 The interview with Dr. lvstan Sebestyen held in Aprdtth 2010 was conducted in the context of a factifig.“EU study on
the Interplay of IPR and Standards”. lvstan Sebesiyes been involved in the worldwide multimediandtdization work for
over 20 years including telecommunication standartén experience in CCITT, ITU-T, ISO/IEC, ETSI antNiand ITU-T
and still picture coding (JPEG, JBIG).



3. Empirical Methodology

Identifying standard upgrades and replacements

We analyze the rate of standard upgrade and rep&ade using a comprehensive database of
international ICT standards drawn from PERINORM.RM¥ORM is the world’s biggest standard
database with bibliographic information on formirglards and is regularly updated by the SDOs DIN,
BSI and AFNORWe include all ICT standards (ICS classes 33 andi¥ued by the main formal
international SDOs (ITU-R, ITU-T, IEEE, ISO, IECTQ1). We restrict the analysis ¢le jurestandards
issued from 1988 to 2008, and we observe theselatds until 2010. We start in 1988, because the
International Telecommunication Regulatiorssued in 1988 constitute an important policy dsn
leading to changes in the way standards are releBsaft standards, amendments and errata documents
as well as technical reports and other documemtsuged by SDOs that are not standards are screened
out using the document codes in the name of thardent. This yields a sample of 7,625 standards. For
the econometric analysis, we furthermore resthiet $ample to technological fields where there is a
potential for essential patents (fields in whicleaist one standard includes essential patents}adde
standards with missing explanatory variables. Haimple comprises 3,551 standards, 4,671 standard
versions and 36,179 standard-year observationss@#itlards and 1,709 standard versions included in

our sample have been withdrawn during the obsenvaieriod.

For every standard version, the database givessprdates of release and withdrawal. SDOs regularly
revise their standards to keep up with technoldgoagress During the revision, ,,a majority of the
members of the T echnical Committeeflecides whether the standard should be confirmedlsed or

withdrawn*’

. We can observe withdrawal of standard version&&SRIRORM, and identify new versions

of the same standard using PERINORM informationstandard history. To give an example, the
MPEG2 Video standard ISO/IEC 13818.2(1996) was dvdtvn in 2000 and replaced by ISO/IEC
13818.2(2000) This new version consolidates several corrigaarthamendments made to the standard
since the release of the first version in 1996. Newoders or decoders produced according to the new
standard are fully compatible with media or devipesduced according to the previous version. We
consider that in such a case where a standardwassreplaced by a more recent version, the stdrida
revised and simply upgraded. These upgrades reflentinuous technological change along the

technological trajectory defined by the standard #fwe embodied technological basis.

" http://www.iso.orgliso/standards_development/psses_and_procedures/stages_description.htm
8 MPEG?2 is a widely used coding technology for viéea audio content. For an overview of the secatiiibe,
see http://webstore.iec.ch/preview/info_isoiec138¥87Bed2.0%7Den.pdf



If a standard version is withdrawn without a dirsgtcessor, we consider that the standard is expléc
practice a standard is generally not withdrawn idistely when a new generation of standards is
released. For example, several generations of mghibne standards (GSM and UMTS) and audio and
video coding standards (MPEG2 and MPEG4) curresabxist. Nevertheless, evolution and deployment
of new generations eventually lead to the earltandard being withdrawn. The SDOs point to
technological progress of as a main reason fordséthing standards: Several factors combine to
render a standard out of date: technological eviolut new methods and materials, new quality and
safety requiremerits Earlier research (Blind, 2007) and our own empiraaalysis confirm the direct
link between standard withdrawal and related teldgical innovation. We therefore use the withdrawal
of a standard version without direct successondicate standard replacement, a discontinuous itadhn

change that renders the standard obsolete.

We can thus differentiate between standard upgaadestandard replacement and calculate the survival
rate of standards and standard versions. The suitimae of standard versions is hereby definechas t
time from version release to version withdrawall éime survival time of standards is the time eldpse
between release of the first standard version tartlard replacement. We investigate the effectsuof

explanatory variables on these rates using duratiatysis.

In the case of our example, the standard ISO/IEE182 is part of a group of standards that arestjos
related. Indeed, this standard defines the videlingotechnology of MPEG2, which also includes other
components dealing e.g. with audio coding. Thesmections between standards lead us to worry that
the survival rates of the different observationsh@ sample are not determined independently, laad t
failure to account for this could overstate thendigance of the results. In order to account fustwe

define clusters of standards that can be identigtelonging to a common family of stand&tds

Explanatory variables

We match the standards in our sample to a databfaskeclared essential patents. Declarations of
essential patents have been downloaded from theiteslof the SDOs in March 2010. The declaration
of patent essentiality is made by holders of theenqta, and no external validation of this essdtyial
claims is made. There is furthermore no guararitaedll essential patents are accurately decldrael.

existing literature has nevertheless found thatladed essential patents are a reasonable proxy for

9 http://lwww.iso.org/iso/standards_development/preessand_procedures/how_are_standards_developed.
10 We identify clusters using the number until thesdatthe case of ISO, IEC, and JTC1, until thelsfas ITU-T
and ITU-R, and using only the numbers and notetterls in case of IEEE (e.g. IEEE802.11n is id&ttifs
belonging to IEEE802.11)



essential patents, and that the date of declaratioxies the date of inclusion into a standard (R
and Simcoe, 2008). In the following we will spedkegsential patents, empirically approximated by ou
database of patent declarations. We identified ntbem 8,000 patent declarations for 700 formal
standards included in our sample. In order to amalhe effect of essential patents on the rates of
standard upgrades and replacements, we can thegaoerhe respective survival rates of standards and
standard versions including essential patents witndards in the remainder of the sample. This
comparison is however subject to several potehigdes. Essential patents could indicate thatralatd

has a stronger focus on innovative technology,ianius subject to faster changes in the stateeohitt.

On the other hand, patent holders may prefer daglagssential patents on standards with a long
expected lifetime. Finally, declarations of ess@ntpatents could also signal the importance,
technological complexity or commercial relevancadéchnological standard. All these factors dlyi

to have an impact upon the survival rate of stadgland standard versions.

We therefore make use of a broad range of tecgrualbindicators including the issuing SDO, the ICS
(International Classification of Standards), theddith of the technological scope (approximateadutjino
the number of ICS classifications), the number ajgs, standard modifications, and references tw pri
standards. We also count accreditations of thedatdnthat have taken place before the standardsesle
at the body in our sample (prior accreditationsjisThappens when the standard has not been Srstds
by one of the SDOs we observe (for example if @nat standard is accredited on international el

full list of variable definitions is provided in Ayendix 1. These standard characteristics are used t
calculate the propensity of standards to includemsal patents, based upon observable charamterist
We then construct strata of standards with the spropensity to receive declarations of essential
patents. Sensitivity analysis shows that this metho very successful in removing the bias from

comparisons between groups of standards.

However, this sampling approach is not effectivedatrol for time-variant factors and to analyze th
interplay between essential patents and standéatizdynamics. In a second step we will therefore
propose a multivariate panel analysis, where egtap variables are allowed to vary over time.Ha t
majority of cases, the patent declaration databd#eems the date of declaration, so that we canchmat

each of these essential patents to its relevamdiatd at any time from the year of declaration.

We approximate the evolution of the state of theuaing information drawn from essential patents.
Building upon Baron et al. (2011), we use the tetbgical classification of declared essential pet¢o
match patent and standard classes in the fiel@df We can thus identify how many patents are fited
fields that are potentially relevant for the stamdain the different ICS classes. Thus we can imféor

each standard class on a relatively disaggregegé tlee speed at which the state of the art evoBkisd

10



(2007) has shown that the replacement rate of matiCT standards increases with the number of ICT
patent files in the respective country. In our data can identify innovation rates that are moasely
related to specific standards. The yearly patdes fin the related field indicate the flow of starat
related inventions. Following Hall et al. (2000)daRark and Park (2006), we accumulate these yearly
flow data to a standard-related knowledge stockciwldepreciates at 15% per year. This knowledge
stock approximates the “technology gap” or distaot¢he standard to the technological frontier. We
assume that a new standard release fully integtaesadvances in the state of the art, so that the

technology gap is set back to zero.

It is also important to control for standardizatactivities related to the standard that are likelyhave

an impact on the probability of standard replacem&e build a variable indicating changes to
referenced standards upon which the standard lis Bhianges upstream in the technological architect
are a decisive factor of changes of depending dears standards. For the same reason, we include
references from other standards (forward refergneesl accreditations by other SDOs (forward
accreditations). As these downstream standards toelee replaced when the standard itself is reglace
forward references and accreditations increasesdb&l cost of standard replacement. These vadgable

are likely to capture up to some extent downstremamstment building upon the standard.

Sampling

It is the objective of our analysis to compare dtads including essential patents with other statwla
However, essential patents are not randomly digiib over the standards in ICT. Many of the factors
affecting the likelihood of including essential @atis are also likely to have an impact on the durat

until standard upgrade and replacement.

We therefore build an appropriate control groupider to be able to present meaningful descriptive
statistics. First, we eliminate standards issuddrbel988. We then carry through a propensity score
matching based upon a broad range of observaldd itandard characteristics. The determinantseof th
inclusion of essential patents can be classifital tiree groups: first, several technological valda can

be used as indicators of complexity or value. Retance, the number of standard pages is an indicat
the size of the standard, and the technologicaptexity of the issues that it addresses. Beingesfeed

by other standards in the first years of standéiedid an indicator of the relevance of the staddar
further technological applications. We use a refeeewindow of four years, by analogy to the common
practice of citation windows as indicators of pateignificance (Trajtenberg, 1990). Second,

technological classes of standards capture whethstandard is in an innovative and patent-intensive

11



field, or rather in less innovative fields, whessential patents are less likely to occur. Thing, issuing
SDO has a statistically significant impact upon ltkelihood that the standard includes essentitmnta.
This could be due to more or less stringent rudggiding the declaration of IPR, but it could alsibect
the fact that standardizing firms target patergrfdlier standard bodies as a forum for a standaaject
when they own proprietary technology that they wiisthave included (Chiao et al., 2007). Appendix 1
presents the results of the regressions througbhathie propensity scores were calculated, and @epic

the repartition of the propensity scores over statslincluding essential patents and other stasdard

Building upon this propensity analysis, we elima#te observations that have a lower propensitsesco
than the treated observation (standard includirsgragl patents) with the lowest propensity scive.
then group the remaining observations into sixtatod equal size. Appendix 1 provides details of the
calculation of propensity scores and gives an agenhow standards are distributed over the differen
strata. The propensity scores increase with asegratrata numbers. The share of standards including
patents increases from strata to strata, reflectiagthe model is somehow successful in identifytime

factors explaining inclusion of essential patents.

4. Comparative Analysis

In this section, we will present the results obaparative statistical analysis inside strata ohgarable
standards. On Figure 2a, we can see the Kaplanridefeival estimates of standards including esaénti
patents as compared with other standards. Thisefiguan estimation of the likelihood that the gt

has still not been replaced after a certain timdi¢ated in days after first release). We can batthe
survival estimates of standards including pateetsrehse slower than what can be observed for other
standards. This figure does however not indicatetkdr the observed difference is a causal effect of
essential patents, or whether essential patenta@re likely to be declared for standards that Wddve
survived longer anyway. Figure 2b corroborates ttoscern. On this figure, we see the survival
estimates by stratssffata 1 with the lowest likelihood of essentiatgmds, strata 6 with the
highes}. Standards that are — based upon their obsendizeacteristics — least likely to include
essential patents (Strata 1 and 2) have significéower survival estimates. Patents are thus rikety

to be declared on standards with a longer expdifetnne. In order to control for this selectionfet,

we have to make the comparisons within the strata.

1 According to Caliendo and Kopeinig (2008), fiveasa are often enough to remove the bias from #te. dhs our

propensity score is very skewed, five strata ateemough to equalize all important variables amoaogtrol and

treated within the strata, but more than six stvatald leave us with very small numbers of treattthdards in the
lower strata (see Aakvik, 2001)

12



Kaplan-Meier survival estimates Kaplan-Meier survival estimates
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Figure 2a: Survival estimates of standards, Figure 2b: Survival estimates of standards,
including and not including patents by strata

The results of this comparison by strata can bewted in Table 1. These are results of a log-
rank test of equality of survivor functions. Thelwuon to the left shows the results of a
comparison in the overall sample. We observe 2lacements of standards including essential
patents. Had these standards the same survivdidoa@s other standards, we would expect 67
standard replacements. There is thus strong ewd@mdnequality of survivor functions. If we
carry out the comparisons by strata, we removeséhection bias based upon observables. The
number of expected replacements decreases to 4 vehstill much higher than the observed
21'%. Differences are statistically significant with@trata 5 or 6. The numbers of standards

including patents are probably too small in theso#trata to yield reliable results.

Standard Stratified | Stratified | Within | Within | Within | Within | Within | Within
Replacement by SDO | by 6 PSM| Strata 1| Strata 2| Strata 3| Strata 4| Strata 5| Strata 6
and ICS | strata
Events
Patented | Obs: 22 21 2 0 2 5 3 9
Exp: 66.92 41.89 1.17 2.61 3.25 4.73 9.93 20.21
Non- Obs: 1864 714 201 150 108 99 85 71
patented | Exp: 1819.08 693.11 201.83 | 147.39 | 106.75 | 99.27 78.07 59,79
Chi2 32.87 12.41 0.61 2.67 0.49 0.02 5.48 8.34
Pr>chi2 0.0000 0.0004 0.4349 | 0.1021 | 0.4818 | 0.8985 | 0.0193 | 0.0039

Table 1. Log-rank tests of equality of standard survivaldtions
Standards including and not including patents, togita, within strata

1250me observations are excluded because of missings. Notice also that we excluded all standavitls a
propensity score that was lower than the lowestesoba standard including patents.
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We carry through the same analysis for standardio@s. Survival rates of standard versions
including essential patents decrease more rapidlyg those of other standard versions (Figure
3a). Comparing the survival estimates of the d#iferstrata, we do not observe that standards a

priori more likely to include essential patents apgraded more or less often (Figure 3b).

Kaplan-Meier survival estimates Kaplan-Meier survival estimates
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Figure 3a: Survival estimates of standard
versions, including and not including patents

Figure 3b: Survival estimates of standard
versions, by strata

As for standard replacement, we carry out a lodr-tast of equality of survivor functions of
standard versions. We observe 391 upgrades ofatsdcluding essential patents. Were these
standards equal to other standards, we would expegt225 upgrades. Carrying through the
analysis by strata of propensity scores even ekates the difference between the numbers of
observed and expected upgrades. Significant diftexe are observed within all the strata,

except for strata 1 and 2, where numbers of stailsdacluding essential patents are very low.

Version Stratified | Stratified | Within | Within | Within | Within | Within | Within
Upgrade by SDO | by 6 PSM| Strata 1| Strata 2| Strata 3| Strata 4| Strata 5| Strata 6
and ICS | strata
Events
Patented | Obs: 391 350 3 14 47 57 79 150
Exp: 225.50 192.20 3.20 9.55 17.16 21.25 39.07 | 101,98
Non- Obs: 5147 2131 421 473 392 349 250 246
patented | Exp: 5312.50 | 2288.80 | 420.80 | 477.45 | 421.84 | 384.75 | 289.93 | 294,02
Chi2 140,75 167.29 0.01 2.29 58.30 67.73 4891 32.70
Pr>chi2 0,0000 0.0000 0.9076 | 0.1304 | 0.0000 | 0.0000 | 0.0000 | 0.0000

Table 2: Log-rank tests of equality of version survival fimes
Standards including and not including patents, togita, within strata
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The comparative analysis thus indicates that stasdacluding essential patents have a longer
expected lifetime until replacement, but are moegudently upgraded. Part of the longer lifetime
can potentially be explained by the fact that esalepatents are more likely to be declared for
standards with longer expected lifetime. This fdmts however not explain the whole difference
between standards, as standards including esspate&its have higher survival rates than other

standards with the same a priori propensity tauidelessential patents.

Carrying out the comparison separately for eachdstal body, we find that standards including
essential patents have significantly higher suivigges for all SDOs except IEC. The number
of IEC standards including essential patents iy \@wv, and only two IEC standards including
essential patents have been withdrawn in the oaservperiod. Also the difference regarding
standard versions does not seem to depend upadeahgty of the issuing SDO. The survival
rate of standard versions including essential patisnsignificantly lower for all standard bodies
with a large number of standards including esskepéitents. There are no significant differences

only in the groups of standards issued by ITU-R I&@.

Robustness analysis

The stratified analysis removes the bias based wgtservable standard characteristics. We
might worry that the remaining, unobservable exalary factors of patent declaration could

also have an influence on standard upgrades atategpents. Our matching of standards based
upon the technological class or the issuing SDQlewdaling out that these observable factors

affect the comparability of standards, could adyullave increased the difference between
standards in terms of unobservable characteridfistandards in patent-intensive technologies
and issued by patent-friendly SDOs neverthelesaalanclude any essential patents, they are
likely to be different in some other, unobserval#spect from standards actually including

patents. For instance, we risk comparing importsaandards with less important standards. If
our control variables are unable to control forsthéactors, it might be preferable to compare
standards including essential patents with oth@mdstrds that do not include essential patents

because of observable characteristics, such @et¢hrological field or the issuing SDO.
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Based upon this reasoning, we can construct thiféeresht control groups. The first group
includes the standards in the same technologietd {ICS) as standards including essential
patents (list in Appendix 2), but issued by SDOsgiftgfew declarations of patents (ITU-R, ISO
and IEC, see Appendix 2). The second group incledasdards in ICS with few patents, but
issued by SDOs issuing many standards includingnpat(ITU-T, JTC1 and IEEE). The third
group consists of standards in patent-intensivei#sGed by SDOs with many essential patents.
The latter group is over-represented in the uppatasof the comparative analysis, but might be
a bad control group based upon unobservable s@ma@ortance or commercial relevance. No
control group is perfect. But each control groupdifferent from the standards including
essential patents for a different reason, and lgaseveral control groups allows us analyzing

whether our control variables account for the ueoled biases (Rosenbaum, 1987).

Comparing survival estimates between the grouptaidards including patents and the three
control groups, we find very significant differeisceot only between our standards of interest
and the controls, but also among control groupolivever we stratify by the technological
indicators used in the propensity score estimatiooluding the share of IT and Telecom
standards and the years of standard release)tistdljssignificant differences among control
groups disappear (see Appendix 2). This indicaled these variables can account for the
relevant bias in the data (Rosenbaum, 1987). Evecouating for the technological
characteristics of standards, differences betwégmdards including essential patents and the

controls remain strongly significarit

5. Multivariate Pandl Analysis

The comparative analysis has revealed that stasdactiding essential patents are less likely to
be replaced, but more likely to be frequently udgdh In order to analyze the interactions
between these two effects, we will proceed to amnemetric analysis. As described in our

methodological section, our data are in panel formaaning that we can track changes to time-

13 Applying the analysis to standard upgrade, we firat the bias is X-adjustable between the samyflsgandards
issued by the same SDOs (in patent-intensive agrdtichnological fields). Other SDOs upgrade tls&ndards
less often, even accounting for technological ottersstics. This leaves us with two valid contralogps,
displaying very significant differences with thamstlards including patents (Appendix 3, Table 13).
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varying covariates, such as our indicator of tetbgioal change, changes to standards more
upstream in the technological architecture, an@éstwments building upon the standard, such as

the release of referencing standards.

This research framework allows us to analyze theractions between standard upgrades and
standard replacements by two different methodsth@mwersion level, we estimate the risk of the
version to be withdrawn. Analysis time in this sgjtis time elapsed since version release, and
the estimated failure of the observation is withgbof the standard version. The withdrawal of
a standard version can be explained either by atdngpograde or standard replacement. We can
then differentiate between the effects of essem#énts on the competing risks of standard
upgrade and standard replacement. Statisticallsikspg, this is a competing risk analysis: one
standard version can only be subject to standagdade or standard replacement. The two risks
therefore exclude each other, and we speak of camgpesks. Economically speaking, we show
that SDOs face a choice between upgrade and repdante We will analyze separately this
choice using a logit model: conditional upon a w@rdeing replaced, we analyze how essential

patents affect the likelihood of standard replacemather than upgrade.

Standard replacement is a censoring event: no atdnggrades can occur after a standard is
replaced. Standard upgrades however are not cagsa@md further upgrades or replacements
can follow after an upgrade. It is therefore pdsstb analyze the risk of standard replacement
using two different ways of controlling for upgraddirst, we introduce a variable counting the
number of upgrades. Second, we include a variatdgating the time elapsed since the last
upgrade. As the time elapsed since first releasbeftandard is used for the baseline hazard,
this version age variable indicates the effect afufe to upgrade on the risk of standard
replacement. We will present one model with and ammlel without these controls. The
comparison between the two models allows estimatimgther controlling for upgrades captures

the effect of essential patents on standard replane

The effect of essential patents and of the numbpatents is tested using a Cox model, a semi-
parametric survival analysis. In this methodoloipe likelihood of withdrawal (hazard rate) is

estimated year by year, conditional upon the fhat the version or standard has not already
been withdrawn. The model infers from the data selw@e hazard rate which varies over the

analysis time. Estimated coefficients however amestant over the time of observations. The
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Cox model therefore rests upon the Proportionalairthgph) assumption, which states that the
real effect of the covariates is independent ofdhservation time. We are unwilling to make
this assumption for several factors expected t@ hiamportant and not necessarily linear effects
on the timing of standard withdrawal. This is trese for the issuing SDO, the technological
field, and the period of standard release. In otdezontrol for these factors, we use stratified
survival analysis. In stratified survival analystbe baseline hazard rate is allowed to vary
between the strata, but the effect of the explayatariables is jointly estimated in all strata. We
stratify jointly by SDO, ICS class and cohorts trslards released before and after 2001.

) ) ) Replacement
Standard survival Version survival vs Upgrade
Model 1 Model 2 Model 3 Model 4 Model 5
Cox Cox Cox Competing Logit
Variable name regression | regression | Regression| risk Cox
Patented 0.39669** 0.43528** | 1.41036*** -1.26969***
z.-2.22 z:-1.99 z: 3.62 z.-2.61
Patented_ 3.70638***
Upgrade Z: 6.60
Patented_re- 0.02290***
placement z:-5.85
Patented 0.92696*
Upgrade age z:-1.85
Patented_re- 1.34151%**
placement_age z: 3.69
Patents cumulative 0.98842 0.98697 1.00207 1.00214 -0.02486
z: -0.70 z:-0.78 z:1.33 z:1.34 z:-0.73
Technology gap 0.89398 0.63356 0.48055* 0.52004* -0.12399
z.-0.51 z.-0.98 z:-1.83 z.-1.67 z.-0.68
Technology 1.04837** 1.00752 1.10171* 1.09155*
gap_age z: 2.03 z:0.14 z:1.84 z:1.69
Patent Intensity 0.16776 0.41715 3.03448 2.87475 1.34117*
z:-1.50 z: -0.65 z:1.33 z:1.28 z:1.82
Patent 1.69143** | 1.81033*** 0.98418 0.99139
Intensity _age z: 3.10 z: 3.21 z:-0.12 z: -0.07
log(Backward 0.85831* 0.86837* | 0.90803*** | 0.90924*** -0.04919
references) z:-1.89 z:-1.76 z: -3.08 z: -3.00 z: -0.62
Change of refe- 1.58315*** | 1.61017*** 1.01430 1.01369 0.20009***
renced standard z:7.45 z: 8.00 z: 0.27 z: 0.26 z: 3.26
Change of refe- 1.06194*** | 1.06241***
renced standard_age z:4.88 z:5.01
log(Forward 0.79521** 0.77905* | 1.06194*** | 1.21710*** | -0.50629***
references) z:-2.20 -2.29 z:5.31 z: 5.50 z:-5.46
Ulterior 1.18583*** | 1.16642*** 0.13872
accreditations z: 3.14 z: 3.14 z:1.54
accreditations_ 0.97708*** 0.98025** -0.02306**
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age z:-2.92 -2.38 z:-2.44
Number of pages -0.00163**
z:-1.99
ICS width 0.89885*
z2.1.85
Year 1.04108 1.04724 0.96885*** | 0.96985*** -0.00743
z:1.31 z: 153 Z.-2.99 Z.-2.93 z:-0.32
Version 2.44156*** 0.18618**
Age z: 4.29 z:2.01
Version 0.97290***
Age_Sq -2.85
Version number 6.64184** -0.02016
2.38 z.-0.18
Version 0.71194**
number_Sq -2.01
Subjects 3551 3551 4671 9342 Cons: 10.064
Failures 367 367 1709 1709 Obs: 1399
chi2 119.28 155.61 217.91 372.84 267.00
Log-likelihood -1014.5515 -1005.7632  -5343.9173 280711 R2:0.3152
Proportional Hazard| Chi2: 12.92 | Chi2: 19.20 | Chi2: 16.35| Chi2: 16.35| Chi2: 13.76
test Pr:0.3751 Pr:0.2585 Pr:0.1285 Pr:0.1285 Pr:0.4681

Table 3: Results of the multivariate panel analysis. Resafltdodels 1 to 4 display hazard rates.
Models 1 and 2 are stratified by SDO, ICS, cohod atandard size range, Models 3 and 4 by SDO, ICS,
cohort and position of the version in the line oécessive versions.

The remainder of explanatory variables is inclugethe Cox model. We test for the functional

form of the variables using the residuals of atiited null model. It results that the count of

forward and backward references has non-lineactsffen withdrawal rates, and we therefore
transform these variables in log. For the remaivagables, we see no indication of non-linear
effects. We then estimate Cox models includingvaliables and interaction terms between
variables and observation time. Insignificant iat#ion terms and variables are progressively
dropped. Finally we test the ph hypothesis fottel chosen models. Even including interaction
terms, these tests reject the ph hypothesis umlestirther stratify the sample. We therefore
stratify standards by ranges of standard size starttlard versions by their position in the series

of successive versions.

The effect of patents can be estimated in varioagswFirst, we test for the effect of including
essential patents or not. This is done via a dumaniable which is one if at least one essential
patent has been declared (“Patented”). Second,owet the number of patents declared over
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time, and include this count as a second explayatariable (“Patents_cumulative”). The
effects of these variables are estimated in fivieidint models: Models 1 and 2 estimate the risk
of standard replacement (model 2 includes confaslapgrades), model 3 estimates the risk of a
version to be replaced, model 4 distinguishes hebstween the competing risks of standard
upgrade and replacement. model 5 is a logit mofdltleochoice between standard upgrade and
standard replacement, conditional upon the exalusidno event”. The results are presented in
Table 3“.

The econometric results confirm our descriptivealiiigs. Essential patents are found to reduce
the likelihood of standard replacement (model hje €ffect is significant and sizeable: holding
constant other variables, the inclusion of esskergatents reduces the rate of standard
replacement by 60 %. One potential explanatiortHi finding is that the inclusion of essential
patents gives the patent owner an incentive tosinwe improvements and updates of the
standard. This incentive arises from the fact gfnaiter technological merits of the standard will
increase the rate of standard adoption, and theisidimber of standard users that have to pay
royalties for using the essential patents. Furtloeemstandard upgrading can be thought of as a
conscious strategy of lowering the risk of standeeglacement. Model 2 confirms that a
standard upgrade temporarily reduces the riskafdsird replacement. This can be seen from
the fact that the risk of standard replacementeimses with version afjewhile controlling for

the baseline age effect. Consistent with this hypsis, we confirm that the inclusion of essential
patents reduces the survival rate of standardargsgimodel 3). This effect as well is sizeable:
the inclusion of essential patents increases tteeatiwhich standard versions are replaced by
more than 70%. But the temporary positive effectsténdard upgrades on the chances of
standard survival levels off over time, and th& i standard replacement increases with the
number of upgrades. Therefore controlling for staddupgrades only slightly reduces the

magnitude and significance of the effect of essépttents on standard replacement (model 2).

14 Results of the Cox models plotted in Table 3 amahdrates. A hazard rate of 1 indicates that @bk has no
effect, values between 0 and 1 indicate a negafifext on the risk of the event, i.e. a positiveeeff on expected
lifetime. Results of the logit model are the estiedacoefficients. The number of subjects at rigkoreed by the
competing risk model is twice the number of staddaersions, as each version faces two differeksrig the logit
model, SDO and technology fixed effects are colgdolor using dummy variables (coefficients notaepd)

15 The effect of version age is non linear, but ttek 0f standard replacement strictly increases witsion age
over the first 16 years of the version lifetime gTlhngest observed version lifetime in the samplESi years.

20



These findings indicate that essential patentsrifmré to slow down changes of standards also
through other mechanisms, such as vested inteoedtsxck-in effects. In contrast to standard
upgrades, standard replacements can exclude teghcal components from a standard. Based
upon this argument, we argue that essential patents standard raise the standardizing firms’
resistance to radical changes to the standard @irgproprietary technological components.
This argument corroborates suspicions that es$gudiants increase inertia of technological

standards.

Nevertheless, essential patents do not slow doamdatdization processes in general, but only
standard replacement, i.e. radical changes. Essep#itents reduce the risk of standard
replacement, but strongly increase the competslgof standard upgrade (model 4). The effect
of essential patents on standard dynamics is thssdescribed by a conjunction of two effects.
First, essential patents strongly increase the aaterhich standards are upgraded (model 3).
Second, conditional upon the occurrence of a verspgrade, the inclusion of essential patents
increases the likelihood that the version is reglaby a new version of the same standard
(model 5). This means that essential patents indw@edardizing firms to opt for standard

upgrade rather than standard replacement. The &feet is so strong that the resulting effect of

essential patents on the risk of standard replacenm® negative.

The analysis of the control variables reveals thaitmodel is able to capture key aspects of our
analytical framework. The likelihood of standarglezement is strongly associated with the
“technology gap”, the weighted sum of patents filedhe broader field over the years since the
last standard release. The technological gap ha$fect on very early standard replacement, but
its effects strongly increase over standard agd,tha average sample effect is positive and
significant. This indicates that standard replacenedeed responds to progress in the field of
science and technology. We also find that strongted technological progress induces
standardizing bodies to choose standard replacermadéimér than upgrade. This finding could
indicate that standard upgrades are a less efeni®ans of catching up with the technological
frontier. The latter argument is important, as waséh seen that essential patents induce a
substitution of standard upgrades for standardacgphent. Downstream investment building
upon a standard has a significant effect on stahdgplacement. For instance references by

ulterior standards strongly increase the likelihatfdchoosing standard upgrade rather than
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standard replacement. This finding corroborateshypothesis that standard upgrades generate
less problems of backward compatibility. If the raenof applications building upon a standard
increases, the cost of backward incompatibility réases, making standard replacement
increasingly unattractive. Backward referencestteiostandards strongly decrease the risk of
standard replacement. This indicates that a stenbaiding upon a more comprehensive
architecture of other standards is less at riskoahg replaced. If a referenced standard is
replaced or upgraded, there is however a very gtiqoressure to upgrade or replace the

referencing standard as well.

6. Conclusion

We have presented empirical evidence that essquatahts reduce the likelihood of standard
replacement. This finding could indicate that eisépatents lead to frictions in standardization,
for instance because owners of essential patemssepo changes in the standard that exclude
their patents from the standard. We also discussgensively the hypothesis that essential
patents lead to more frequent upgrades of the atdnavhich would in turn delays standard
obsolescence. While the inclusion of essential piaténdeed increases the rate of standard
upgrades, this effect alone is not sufficient tplain why standards including essential patents

are less likely to be replaced.

Nevertheless, we would not argue based upon theeipted evidence that essential patents lead
to an inefficient lock-in of outdated standardsldad, essential patents seem to have a positive
effect on the rate of standard upgrades. We hageedrthat these standard upgrades do not
entail replacement of standard components, explginvhy essential patents could induce
standardizing firms to substitute standard upgrddestandard replacements. Essential patents
do however not only induce standardizing firms tobstitute standard upgrades for
replacements, but also to overall increase theatatehich they revise standards. The latter part
of the finding can be explained by the fact thateesial patents provide incentives for at least
some standardizing firms to regularly invest irtie standard in order to increase its value and
associated royalty revenue, and to shield the atdndrom technological rivalry and

replacement.
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These findings have important implications for ngeraent and policy. For standard adopters,
we have argued that the discussed effects of eéskequdatents reduce the technological
uncertainty associated with the adoption of a néandard. Users of a standard including
essential patent benefit from increasing technohllgicapacities through continuous
improvements building upon a stable technologieaid Furthermore, essential patents reduce
the risk of standard replacement, thereby avoidhey loss of sunk investment in standard
implementation. These beneficial effects shouldveeghed against the managerial risks arising

from uncertainty about future levels of royalties.

For standard makers, the effects of essential {satem be controversially discussed based upon
the presented evidence. Essential patents induge fequent standard upgrades, but also
inhibit standard replacement. On the one handdaranupgrades do not seem to be as efficient
as standard replacements in catching up to thenodmpical frontier. Selecting patented
technology can therefore inefficiently bind starttlarakers to a given technological trajectory,
even when superior alternatives are available.@nother hand, standards referenced by other
standards are also more likely to be upgraded rdtten replaced. This could indicate that
standard replacement entails significant sociatsgascluding for adjustment of downstream
applications and technologies building upon thenddad. Essential patents, by substituting
standard upgrades for replacements, could thereéohece the cost of standard momentum for
applications building upon the standard. The inolusof essential patents thus reduces
technological uncertainty and encourages usersheftéchnology to incur costly and risky
investments in standard implementation and compiang technology. These investments

concur to the commercial and technological sucoéfise standard.

Based upon this new analytical framework, we findeav justification for the argument that

sponsorship of standards by a technology owneramnas an encouragement of standard
adoption, and increase socially efficient investtmienilding upon evolving standards. These
effects of essential patents on the technologialugion of standards deserve more attention by
policy makers currently working on a refinementpoiblic rules for the treatment of patents in

standardization in various legislations.
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Appendix 1

Patented _dummy

Indicates that a standard observation includesgate
patents

Time invariant

Patented

Indicates a standard has received at least onatpate
declaration by this year

Time-variant

Patented upgrade

Interaction term between patanikeévent-type upgrade

Time invariant

Patented_replacement

Interaction term between patented and event-type
replacement

Time invariant

Patents_cumulative Cumulative count of patentsadedlover time Time-variant
Number of patents filed per year in the technolabjfield,

Patent intensity normalized by year; indicates strong innovativevigt Time-variant
Cumulative count of patent intensity scores sinaadard
release, discount factor 0.1; indicates distandbef

Technology gap standard to the technological frontier Time-variant

Backward references

Number of standards referelmgéide standard

Time-invariant*

Counts the number of referenced standards thaeplaced

Change of referenced | or upgraded per year Time-variant
Cumulative count of the references made to thedaraiby
Forward references | ulterior standards in the PERINORM database Tinreaaa

Referencesafter4

Number of references received during the first fgears
after first standard release

Time invariant

atleastonereference

Referencesafter4 is biggerGthan

Time invariant

Ulterior accreditations

Cumulative count of the number of accreditation®ther
SDOs after release of the standard at the sampl® SD

Time-variant

Prior accreditations

Count of the accreditations by other SDOs befoea¢hease

of the standard at the sample SDO

D

Time-invariant*

National Standard

Indicates that the standard was not first devel@i¢de
sample SDO (Prior accreditations is higher than 0)

Time-invariant*

Number of pages

The number of pages of the standard

Time-invariant*

ICS width

The number of ICS classes in which the standard is
classified

Time-invariant*

Year

Calendar Year

Time-variant

*

Number pages, backward references, ICS width aod pr

accreditations can change with a new version

Table 4: Definition of variables
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Appendix 2

Calculation of the propensity score

Probit regression Number of observations: 6531
LR chi2(55): 646,62
Prob >chi2: 00,0000
Log Likelihood: -992,116 Pseudo R2: 0,2458
Variable Coef. Std. Error Pr>1z 95% Confidence
| Interval
number_pages 0,00257 0.00030 8,46 0,000 0,0019 0,0032
at_least_one_reference 0,27398 0.07319 3,74 0,000 0.1305 0.4174
references_after_4years 0.00406 0.00321 1,26 0,206 -0.0022 0,0103
nationalstandard -0.57748 0,26795 -2.16 0.031 -1.1027 -0.0523
prior_accreditations 0.41569 0,18716 222 0.026 0.0489 0.7825
ics_width 0.26732 0,20240 1,32 0,187 | -0.1294 0.6640
It -0.15721 0.21168 -0.74 | 0458 | -0.5721 0.2576
Telecom 0.64812 0,19895 3.26 0.001 0,2581 1.0381
Ieee 1.64179 0,38053 4.31 0.000 0.8959 2.3876
Iso 0,92272 0,40467 2.28 0.023 0.1296 1.7159
jtcl 1.30466 0.37165 3.51 0.000 0.5762 2.0331
itu-t 1.83084 0.35116 5.21 0.000 1.1426 2.5191
Constant -3.80847 0.51554 -7.39 | 0.000 | -4.8189 -2.7980

Year dummies and ICS-class dummies not reported

There are observations with identical propensity scores.

Table 5: Probit regression model used for calculating thepensity scores

patented_dummy Total
Pstrata
0 1
1 734 7 741
2 730 11 741
3 719 21 740
4 707 34 741
5 662 78 740
6 562 180 742
Total 4.114 331 4.445

Table 6: Standards with and without essential patents, iatat
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Appendix 3

Sensitivity analysis to unobserved biases usindiptelcontrol groups

DO [ o [ e it s 500
2008 including patents with patents
ISO 1169 2,10 % No
IEC 1348 0,59 % No
JTC1 1704 5,81 % Yes
ITU-T 3874 6,43 % Yes
ITU-R 1217 0,41 % No
IEEE 477 8,59 % Yes

Table 7. SDOs classified as with or without patents

ICS “with” patents ICS “without” patents
ICS Standards | % patents ICS Standards | % patents
33040 1792 6,25 33020 659 0,30
33160 589 10,88 33030 62 0,00
35040 473 17,55 33050 138 2,89
35110 409 11,25 33060 970 0,93
35180 98 10,20 33070 53 0,00
Others 65 25,76 33080 510 4,90
33100 193 0,00
33120 234 0,00
33140 19 5,20
33170 516 2,52
33200 51 1,96
35020 57 0,00
35060 229 2,18
35080 257 0,80
35140 74 2,70
35160 97 3,10
35200 309 5,82
35240 1606 4,73
37040 16 0,00
37060 21 0,00
Others 1419 0,85

Table 8: ICS classes classified as with or without patents
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Standard replacement Test Test Test T(?st
. without ) with
without with
strata, strata,
strata strata
controls controls
Events
Treated Obs: 20 20
Exp: 49,46 54.91
Control 1 Obs: 50 50 50 50
Exp: 56,88 58,74 59.37 61,11
Control 2 Obs: 674 674 674 674
Exp: 549,00 565,65 626.80 | 652,41
Control 3 Obs: 270 270 270 270
Exp: 358,66 369,61 27293 | 280,48
Chi2 69,29 49.16 30.16 3,91
Pr>chi2 0,0000 0,0000 0,0000 | 0,1419

Table 9: Log rank test of equality of standard survival watlltiple control groups

Standard upgrade Test Test T?st Test with
Test ) . Test with strata, 2
. without | without )
without with strata, controls
strata, | strata, 2
strata strata control
controls | controls S
Events
Treated Obs: 267 267
Exp: 153,69 171,03
Control 1 Obs: 41 41 41 41
Exp: 94,77 89,35 88,78 81,43
Control2 | Obs: 1064 1064 1064 1064 1064 1064
Exp: 992,61 936,02 960,53 | 1064,75 | 1023,19 1045,69
Control 3 | Obs: 838 838 838 838 838 838
Exp: 972,93 917,63 941,47 889,44 | 838,38 856,31
Chi2 146,29 53,07 23,67 101,77 27,82 1,09
Pr>chi2 0,0000 0,0000 0,0000 0,0000 | 0,0000 0,2962

Table 10: Log rank test of equality of version survival witliltiple control groups
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