A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Munari, Federico; Sobrero, Maurizio

Working Paper

The effects of privatization on R&D investments and patent

productivity

Nota di Lavoro, No. 64.2002

Provided in Cooperation with:
Fondazione Eni Enrico Mattei (FEEM)

Suggested Citation: Munari, Federico; Sobrero, Maurizio (2002) : The effects of privatization on R&D
investments and patent productivity, Nota di Lavoro, No. 64.2002, Fondazione Eni Enrico Mattei

(FEEM), Milano

This Version is available at:
https://hdl.handle.net/10419/119668

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/119668
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Fondazione Eni Enrico Mattei

The Effects of Privatization on
R&D Investments and
Patent Productivity

Federico Munari and Maurizio Sobrero
NOTA DI LAVORO 64.2002

SEPTEMBER 2002
PRIV — Privatisation, Regulation, Antitrust

Federico Munari and Maurizio Sobrero, University of Bologna, Italy

This paper can be downloaded without charge at:

The Fondazione Eni Enrico Mattei Note di Lavoro Series Index:
http://www.feem.it/web/activ/_activ.html

Social Science Research Network Electronic Paper Collection:
http://papers.ssrn.com/abstract id=XXXXXX

The opinions expressed in this paper do not necessarily reflect the position of
Fondazione Eni Enrico Mattei



The Effects of Privatization on R&D Investments
and Patent Productivity

Summary

Over the last two decades privatization programs in different countries radically reduced
the role of the State as a key player in the economic arena. We use agency theory to
discuss the theoretical relationship between changes in the firm’s principal-agent
structure following privatization, and incentives to invest in R&D and to patent. We
compare the pre and post privatization R&D effort and patenting behavior of 35
companies that were fully or partially privatized in 9 European countries through public
share offering between 1980 and 1997. Results show that, after controlling for inter-
industry differences, privatization processes negatively affect different measures of
R&D commitment. Moreover, the shift from public to private ownership leads to a
significant increase in the quantity of patents granted and in their quality, measured by
citations’ intensity.
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INTRODUCTION

Privatization— the trarsfer of productive assetsfrom public to private secto — has been
ore of the defining ecanomic charges of the 1980s and 1990s. During the period 1977-1997,
approximately 1.8 privatization actiors took place worldwide, generding more than $750
billion revenwes.Accordng to reentestimatesthe numbe of firmsto be privatized in the future
is still high at around 1.5 ard likely to generaterevenwesof $750 billion (Siniscalcq Bertoldti,
Fantini & Vitalini, 199).

The ecanomic and welfare conseqence of privatization proesseshawe been widely
studed, showing a strong eviderce for positive firm level effects such as effi ciency gans,
increased productivity and higher profitaklity. These effects are stronger when privatization
plars are accompanial by liberalizaion processe (D’'Souza & Meggnson 1999; Galal, Jores,
Tandn & Volgesa, 199; Meggnson Nash& Van Randenbagh, 1994; Vickers & Yarrow,
1988). The perforomane improvements of privatized companies are theoretically supported by
property rights theay (Bos, 1991, De Alessi, 1980; Vickers & Yarrow, 1988) ard public chadce
theay (Bucharan,1972; Niskanen, 1971). According to propertyrights theory, privateownership
proves to be superior to public ownership in providing effective marmageia incentives ard
swppating more effectivemonitoring schemes(Vickers& Yarrow, 1988). Publicchdce theaists
argue tha Stateowned firms are inherertly less efficiert than private ones since managers are
slbjectto pressuresbhy pdliticians to pursuepolitical objectives ratherthan efficiency (Niskaren,
1971; Shleifer& Vishny, 1994). Both theoreticaland emprical studiesof privatization procesgs,
however, have adopted a compardive static perspetive, undersoring the analysis of dynarmic
efficiency gains asso@mted for exanple, with R&D investmats (Parker 1998). This
shortcoming is surprisingfor at leas two reasns.

Empirically, one can observetha, in mary courtries, StateOwned Enterprises (SOE)
have played a fundamenal role in direding and erharcing the techological and ecaromic
ewlution of different industries,and of the emnamic systemasa whde (Katz, 2001; Nelsa,
1993). In many cases, SOE R&D facilities and prograns hawe intertionally lead the
developmert of the natioral baseof competeresin techrological area of strategicimportarce
for the whole country. In theseconditions is not clear how State divegmerts are likely to
influence the natioral innovation systen andif they shaild be acompaniedby speeific policy
measures targting R&D investments.

Theaetically, sclolars studjsing the relationslip beween corporae governarce ard
strategicdecision making have arelyzed the conseaqiencesof institutioral chargeson corporae
control strudures (Keck & Tushman 1993; Tushman & Romanéli, 1985; Virany, Tushman&
Romanelli, 1992). For instance during time of environmentd stablity, exeative teans terd to be
characterizd by highe stability and homogeneity, which in turn drive to further inertia and
incrementad charge (Keck & Tushman 1993; Tushman & Romanéli, 1985). On the contrary,
organizdions fadng relevant tecmicd or institutiond discortinuities are more likely to presat
higher heterogneity and change in execuive teams, which in turn are morelikely to promae
strategic reorieriation and orgarizatioral reneval. Unde a neo-institutioral persgective
Hawnschld (1993) demmstratesthat strategicdedsion related to corporate acauisitions are
sigrificantly influeneed by interlocking relaionships of board memlers with firms that have
previously mace acquisitions. In this sense,the replacenentof top maragemern tean andboard
of directorsafter privatization can play a fundamental role in promoting ertreprereurshp and



strategiccharge, through the adoption of more risk-oriented behavior andthe imitation of private
secor strategic degsion-making (Zahra, Irland, Gutierrez& Hitt, 2000).

In this pape, we theaetically model the impact of the State as a sole or principd
sharehader on firm’s conmitment to investin R&D activities ard to protectthe resultsof the
innovaion process Drawing on ageng/-theay, we hypothesize that privatization processe
negativdy affect firm-levd R&D investmets, ard positively affed agpropriability corcerrs.

To test our hypothegs, we aralyze a paneldaa set of 35 companies operatingin 11
different industries, and fully or partially privatized through publlic offering in 9 Eurgpean
countriesduring the period 1980-1997. First, we use an eventstudy approach to compae pre-
ard post privatization R&D efforts and patentquartity and quality. We then explore possible
differences emeging beween the privatization amouncanert and its actual implemenation,
relatively to trends in the prececent and in the following periods. We arguethat, over this time-
window, a significant restricturing can affect the alocation of resairces to R&D adivities ard
their organization given the priority to maximize the value of the compary to increag the
financial returns for the government from the public offer. Finally, we use a fixed effects
regessionmockl to control for dternative exdanatiors (e.g. industry effects, scde effects)in
assssing R&D ad patat behavior of firms facingprivatization

The results syppat our hypathese, showing a signfi cant reduction of R&D intersity at
the firm level, controlling for industry ard time effects. Diff erenes emeage with regardto the
amaunt of shaes beirg transfered, to the level of tedhndogicd opporturities and to the degree
of liberdization of the industry. At the sametime, our findings documert an increaein patering
by privatized companies. Moreo\er, using citationsto measire patents quality, we find that the
risein patenting adivity foll owing privatisationis not accanpanied by a decline in the quality of
the awards,which remainsconstant or even increaesin same case. Thesetwo resuts combined
swgges an improvement in terms of R&D productivity of privatisedfirms. We condude by
disaussingthe implications of theserestts for future researchand for public policy decisiors to
proactivdy address postble uncerinvestmenmrisks in R&D acompanying privatization pracess.

THEORETICAL BACKGROUND

The differences between State owned ard privatefirms in termsof objedives, effort ard
outcomes of the innovation proces have not been assesse in the literatue in a direct and
sydematic way. Howewer, se\eral studes amlyzal the relatiorship beween goverrance ard
ownershp systens ard different aspeds of the innovation process,sud as the propensty to
investin R&D (Baysnger, Kosnik & Turk, 1991; Graws, 1988 Harsen & Hill, 1991), the
propersity to patent(Hitt, Hoskissa, Ireland & Harrison 1991; Ahuja & Katila, 2001), or the
developmert and introdudion of new productsor production proceses(Hitt, Hosksson Jahnson
& Moese, 196; Kochhar & David, 1996, Zahrg 1996). Theseresultsareparticuarly interesting
in the contex of privatization since goverrmert divestmen impacts consistently on the
principalagent relatiorship. More precisely, the change in the allocation of property rights from
public to private sect@ impactsupon the objectivesof the prindpal ard, as a corseqierce, upon
agent’s incentives structue (Vickers and Yarrow, 1988). Thesechargesmay presentsignficant
implicatiors for innovation proessesandoutcames.



Corporate Ownership Structures and Innovation

The dedsion to cary on R&D activities inherertly involves high ageng/ caosts, since
R&D proects are typically risky, unpredctable, long-term orierted and multi-stage, labor
intersive ard idiosynaatic (Holmstrom,1989). Innovationis thereforea potertial arena of acute
conflicts of interest beween exeatives and shaehdders whase charaderistics may influence
maragemert’s decision to pursue or not risky R&D prgects Different emprical studies
docunment a postive relation beweenstack-ownershp corcertration and R&D spending (Hill &
Snell, 1989; Baysinger & al., 191), suggesing tha large stockolders are more effedive at
closely controlling maraganert’s decisionand atredudng their paential risk-aversion

Studies on the assocation between institutional ownerdip and innovation offer
conflicting eviderce, with somereporting a positive relatiorship (Baysnger et al., 1991; Han®n
& Hill, 1991) and others reporting a negdive one (Graws, 1988). These differences can be
recandled by corsiderirg tha inditutional investorsare heteogereaus in terms of investmet
horizons ard behavior, as a conseaierce of diff erences in their goals and objectives Zahra
(1996) finds that thoseinstitutional investorswith long-term horizors, suchas mutual, persion
ard retirement funds, are more likely to promote innovation and verturing, whereasshort-term
institutional ownes, sich as investment banks and private funds, seem to dismurage execuives
to investin activitieswith along pay-off period. Similar resuts arefound by Kochhar andDavid
(1996), who categrizeinstitutiond ownersby their aklity to influencefirms in which they hawe
anownaship stale. Their findings sugyestthat pressureresistant institutions (i.e. public penson
funds, mutud funds, foundatiors) have a more positive influence on firm innovation than
pressuresersitive institutions (ie. banks or insurarce conpanes).

Studies in the corporate cortrol tradition have also addressedthe impact of corporate
restrucuring activities on companes’ decisionsto inved in R&D andinnovation output (Ahuja
& Katila, 2001; Hall, 1990, 1994; Hitt etal., 1991, Hitt etal., 1996; Lichtenberg& Siegel, 1990).
As stated by Hal (1990), two differert argumerts were advancel to explain why we should
exped to seea charge in the investmeat horizon towards the shat-term in the caseof firms
slbject to corporate restruduring. The first explandion views finarcial markes as efficient and
recdls the corflict of interestbetwea prindpal andagent within the agengy framewak (Jersen
1993; Jersenand Meckling, 1976). Under this peaspetive, corporaterestructuring suchasthe
ore following a hostile take-over, provides a better disdpline to marageia choices ard
ultimately brings efficiency gains, for instance by terminating wastein the allocation ard use of
resaurces, excesive diversificationand sub-optimal strategiesin termsof risk. In this serse,we
should expect a rediction in R&D experditures especially in relatively mature industries,
characterizd by limited technological opportunities (Hall, 1990). On the contrary, the secad
explamation assums tha “myopic” finarcial markets are not alde to value corredly long-term
investmets, like R&D, beauseof high informationasymnetries, sothat marages tendto awoid
this kind of investmeis (Porter, 1992; Stein, 1988). Under this pespetive, evenR&D prgects
with paentially high retuns carntherdore be eliminated.

The emprical studeson the consegiencesof corporaterestrutcuringsfocusel on charges
in R&D intensity within firms suwbject to leveraged-buy out (Hall, 1990; Lichterberg & Siegel,
1990) or maragenent buy-out opeaations (Smith, 1990), hostile take-overs (Bhagat et al., 1990),
or magersand acauisitions (Hall, 1990). As to their conclusiors, in her survey Hall (1994) states
that the majarity of redructuring in the U.S mandacturing sector in the 1980s didn’t have a



sigrificant impact on managerial investmen chaces. Rathe, the observel redudion in R&D
effort seens to depend on the use of debt as a way of finanang, esgecialy amorg relativdy
matue andstalde industries.

The Government asa Principal: Implicationsfor Corporate R& D Choices

State owned enterpises presentimportant pecuiarities asto the objectives of principal,
the maraganert incentive sydem, the anount of informaion availableto principds and agerts,
ard their risk-prdfile. Privatization brings a shift in the objectives of prindpals ard hence a
different structure of in@ntivesfor managemen (Vickers andy arrow, 198).

First of all, it is importart to conside whether and how the objectives of the State as
owner of firms diverge from those of private sharetolders relatively to R&D investrrert. State
owned enterpises aresetup - or nationdized - to achievea wider setof objectives, targetedto
the maximizadion of sodga welfare through the contrd of possible market asymmaeries which
would generateinequality in the distributionof (or acessto) not only the reveruescoming from
the activities controlled but also their physical or non physical outpu (Vickers and Yarrow,
1988, Ramanurti, 2000).

Therdore, while privatesharetoldersaremainly interestedn privatereturrs to innovative
activities SOEs missian on the R&D sideis nat only to pursuebusiressspecific objedives,but
also to sypport the advancenent of knowledge ard the creation of public goods. As a
consequence, it is likely that SOE’s R&D laboratoriesterd to allocate substantialfunds to long-
termresarchprojectsard make specific commitmentsto sdentific anddowrstreamadivitiesin
order to diffuse ther resuts to themore gerral ndiond R&D sydem.

Overall, the presene of an institutional investor such as the governnment in companes
ermgaged in R&D activity cangenerateprofound differercesnot only at the more macrolevel of
investmets, but aso at the more micro levd of structures,procesesand employee attitudes
(Zahra et al., 2000). Given the peculiarities of this type of principd, expedations or
manifestationsof chargesof its role and presace in the conpary would determine profound
adustmerts or reformulation of the age’s mardatearnd, asa corseqene, of the orgarization
goals andorocesses.

After the divestiture of the State private sharelolders seekto maximize their expected
financial returnsfrom the compary. The firm hasno moreimplicit or explicit obligationto actin
the interestof the public welfare or of the overall industry, carryingout reserchprograms going
far beyond its own immedate busiress neals. For this resson marages within privatized
company, under a tighter cortrol of the capital market, may have more incentives to reduce
investmen in long-term, high-risk projectsand to focuson short-term resuts. This should push
the managmer to recorsiderthe scope of R&D projectsundertalen, by focusing on those maost
closely linkedto the need of the cae busiress.

This conceq is clearly summarizedby a former Director of Procuemert and Techndogy
of British Telecomnunications (BT), privatized in 1984 by the Thatche’s Gowvernmnent: “For
Reseach ard Teclology thefirst priority must be the BT Opeating Divisions andthe Corporate
Hedquarters.Recognizing BT’s public sector background it has been emphasizedthat this first
priority doesnot include “Briti shindustry”, the “UK Govermrment”, or eventhe “National Good’
excef whereBT'’s interestscoindde” (Rudge, 1990). Qualitativestudes on privatizationprocess
offer eviderce consisteh with this claim, for instane in the case of the telecomnunicaions ard



erergy sedors in the United Kingdom or in the ste¢ industry in Italy (Munari, Rokerts &
Sobreo, 2000).

According to public choice theory (Bucharan, 1972, Niskanen 1971), the reduction of
resarrcesdevaedto R&D can alsobe interpréed nat as a shift from natioral interestobjectives,
but rather as a coneqene of the eimination of wastes and duplication of resouces
characteriziig the company under State ownership.Under this perspetive, in the abserte of an
effedive cortrol system,SOEs managershave more freedon to pursuetheir particularinteress,
for example by inflating budgets or deferding their persoral position. Privatization shaild
produce an increased aignmen of managerial incertives with firm financial performance
ultimately promoting a more efficient use of resaurces.Indeed mog of the studies on the
ecanomic consegquences of privatization gererally show consisten efficieney gans ard
improvementsin productivity after the divediture of the State(Galal et al., 199%; La Porta ard
Lopez de Sares, 197; Meggirsonet al., 1994; D’Souwza am Megginson, 199).

Obvioudy, the process of privatizing a compary doesn’t ocaur overnight, since a
govermmert facesdifferent importantard interrelateddedsions, sud aswhich methal to choose
(e.g.,shareisste or directsale),how to tranger control, how to price the offer ad how to allocate
the share, if andhow to articipate Statedivestmeis with new marke regulaory framewaks
(Ramanurti, 20Q0; Siniscalcoet al., 199; Vickers ard Yarrow, 1988). In most of cass, the
amouwncemen of privatization by the Goverrmert corsiderally precedes the actual divestiture.
For instarce, in the caseof the British privatizaion program the period between the date of
amouncemen ard the dite of sale omaverage amoutedto 2.5 yearqCragg and Dyck, 1991).

Thus, it is likely tha the hypathesizel reduction on R&D resouces occus in a more
generalrestru¢uring of the comparny begnning well beforethe Statedivestmen In this sersewe
view privatization as a processand we expect that its effects on the firm’s commtment to
innovae start before the @te of he sellng. This leads us to théollowing hypathesis:

Hypothesis.1: Ceterisparibus there is a negativerelationship betweerfirm’s privatizaion ard its
R&D investmentevds.

Theimpactof privatization onfirms’ perfamaneis likely to be highly degendenton how
SOE are privatized, in particular with regads to governmert’'s resdual ownrershp after
privatization and the kind of private captal they attrads (Ramamurti, 2000). Governnent’
decisionto retain a majority or a minority stake- or no stakeat all - hasa direct influence on the
distribuion of control over the compary after the puldic offering, as well as on the lasting
presene of the sameprincipal. Restructuringfollowing privatizationis more likely to occu when
private sharehdders get control rights, since privatized firms’ objectives becane independent
from pdliticians (Boycko, Shleifer & Vismy, 1996). Thus, selling voting contrd to outside
privateinvestors leadsmore diredly to efficiency improvement after privatization. D’Souzaand
Megginson (199) compae the peformarce charges following State divegments of 85
companies from 28 countries, privatized through public offer during the period 1990 to 1996,
distinguishing between when voting control is sold (companies privatized for more than or equal
to 50 percert) or retaina (companies privatized for lessthan 50 percert). Their findings show
thatthe postprivatization increasein red sdes and sdes efficiency (salesto total employment) is
significantly highe for the first group, whereas pog-privatization charges in return on sdes,
dividend pay-out, capital experditures,leverageand total emdoyment don’t differ significantly
between thetwo groups. We woudd therdore exped the following,



Hypothesis 2: Ceterisparibus, thelower istheamouwnt of sharesretainal by the governmaent after
privatization, the strage is thepressue onR&D investments.

Privatizationmay alsoaffect R&D outcomes. The shift from public to private ownershp
influences significantly firms’ propersity to patert, since it induces a series of mutually
reinforcing chargesleadng to anincreag in paten production First, it is likely that, under State
control, R&D facilities pay lessattertion to control medarisms aganst informationleakaye and
know-how spillover, asa coneqlenc of their statusasnationd laboratoriesard their explicit or
implicit missionto maximize sccial returnsto R&D adivities. On the contrary, after privatisation
the company hasno moreobligation to actin theinterestof public welfareand can focus on the
maxmization of privateretuns. Therefore, the appropriability concerrs becomecritical. Secoml,
theincreasan paterting may alsoreflecta mgor shift in the oriertation ard bdanceof reseach
portfolio towards more applied work and dewelopment activities at expenses of fundamental
resarch, given the new priority to focus on reseach projeds offering more dired and faster
commercial aplication(Roberts,1995).

Finally, we canargte that after privatisaton the firm marages R&D adivitiesin a more
efficient way, sothatany curencyunit investedin R&D could hawe a higherimpact in terms of
inventiors realized In this sense anincreaein the number of paentsissuedshauld be aseibed
to higher productivity of resarchefforts, rather thanto a shift in the firms’ propersity to paten.
This expdanation is consistentwith the findings of the emprical literature on privatisation
suggesing that the switch from public to private ownershp is asseiatedwith improvemerts in
operating performarcte (D’Souza & Megginson 199; La Porta & Lopez de Silanes, 1997,
Meggirsonet al., 1997). Ultimately, thesethreedifferent but interrelatedexplamations support the
expedancy of arise in paent prodiction following privatisation

Hypothesis 3. Ceterisparibus, there exsts a positive relationship betwea firm’s privatization
and its patentingactivity.

However, considering the simple count of patentas an output indicator of invertive
activity presems widely known limitatiors, beause “[N]ot all invertions are patertable, nat al
inventiors are patented and the invertions that are patented dif fer greatly in quality” (Griliches,
1990). Since patentssignficantly vary in their techrological and ecoromic vaue (Giliches,1990;
Trajtenberg, 1990, it seens necessay to capure the impact of privatizaion on the averag
quality of the invertions which are pateried, nat only on ther overall quantity. Indeed it is
possibletha the expectedrise in patentproduction within privatizedcompaniesis due to a lower
threslold adopted in the deision to pgenting

Herdersm, Jaffe and Trajtenkerg (1998) suggesttha a similar patterncan be tracedfor
U.S. university paentingafter the changes in fedeal law in the early 80s. Although patentingby
universities has risen dramatically over this period, it seans that there has been no signifi cant
improvement in patentquality meaurel by the number of citations reeeived On the contrary,
Jaffe and Lerna (1999) document tha after similar reforms at the begnning of the 80s the
guality of the natioral laboraories patents hasremainel constarn or evenincresedas patering
has risen.

Following thefindings of Hendersonet al. (1998), we hypothesiz the following



Hypothesis 4. Ceteris paribus there exsts a negative relationshp betweenfirm’s privatization
and itsaverage mtent quality.

RESEARCH DESIGN
Sample and data

We startedour daa collectionfrom the lists of privatizedcompmanies reported in the two
articlesby Megginsa et al. (1994) ard D’'Souza ard Megginson (1999). The initia samplethus
includes174 companes,opeating in 35 diff erentindustries,that were fully or partially privatized
worldwide through puldic shae offering in 32 countries between 1980 and 1997. Following
Megginsonet al.(1994), we adoped a definition of privatizationthat includesany measue that
transfes someor all of the ownership and/or contrd over SOE to the private sector. Moreover,
we decided to conside only companes privatized through public sale, in order to cdlect
compaable, publicly avalable pre anl pcst privatizationfinancial information.

We thenrecurrel to other soucesto furthe integratethis initial sanple, more precisely
(1) the compete list of companiesprivatized worldwide in the 80scompled by the World Bank
(Canaby-Seske 1988); (2) the descriptionof privatization programs adgted by the countries of
the European Union provided by Parke (1998); (3) additional informaion taken from busness
journds and pulications reportedin the archive Lexis-Nexs. The final sampe we were ablle to
draw after thisfirst phase inbuded182firms from 32 countries.

We then decided to sele¢ from this group only those firms which were privatized in
WesternEuropean cowntries from for sevea reasms. First, the vast majority of privatization
programsthat occured worldwide over the last twenty yeas took place in Western Eurgpean
countries Using a datalase compled by Privatisation Intermatioral including 1.867
privatizations in 113 countries between 1977 and 1997, Siniscalco and cdleagles (1999)
conclude that privatizatons in Western Eurgpean countries accowunt for arourd 30% of all
operatiors and around 50% of glokal privatizationreverues

Secoml, it is extremely difficult to gathe acourting and financial data from publicly
available saurces for privatized companies not operating in Western Eurgpean countries
especially with regads to data on researh and dewelopment experditures. Moreower, by
consideing firms from WesternEuropeancountries, we were alle to cdled dataat country and
industrylevd aswell, usingthe OECD offi cia statistics,and take into aceurt in our aralysisthe
patential effectsof contexual variades in affectingfirms’ incentivesto investin R&D over-time,
as we dscribe later on

We thenidentified all the R&D performing firms in WesternEurgoean countriesfrom the
initial sampe, ard kept only thos reporting R&D experdituresin their finandal figuresat least
oncein the period—3 to —1 and in the period+1 to +3, wherethe yearof privatization is defined
asyearO. In theend of this proaess we wereleft with afinal sampleof 35 privatizedcompanies
operatingin 9 WesternEuropean caintries ad 11diff erent indstries?

Finanaa figureson thes firms were drawn from DatastreamWWorlds@pe and company
amud reports,andcornvertedto corstant(1990) U.S. ddlars to ensue standardizationwithin the

2N i¢ dt hesaple frmsi sad |ld efranthe athas.



sanple Industry country levd R&D daa were cdlected from the ANBERD database published
by OECD, reporting information on R&D adivities carried out in the business erterprise sedor
on a congstent basis acrass the main OECD countries since 1973, regardlessof the origin of
funding, and including the R&D peformedby SOE The dataarereportedat country level, using
anindustrial disaggegationbasel on the seond ard third revision of the Interrationd Stancard
Industrial Classfication (ISIC, Rev.2 ard ISIC, Rev.3), which cowers 58 sectas. We then
matched the R&D datawith information on grossoutput (produdion) at indudry and country
levd from the OECD STAN daaset,which is compatibleto ANBERD, to cdculatethe ratio of
businessenterprise R&D to otputfor eat industry and eat cowntry in our sanple.

Turning to patent dataanalyss, we adopted a sample of privatizedcompaniesthat differs
slightly from the precedent ones,sincesome of the companesthatwereincluded in latter didn't
realize any paenting activity over the period aralyzed The procadure we usedto sdect this
seond sanple is straigtiforward: staring from the initial sample taken from Meggnsm et
cdleagues (1994, 1:99), we keptonly thos Europeancompaniesthat wereassignel at leastone
paent at the United StatesPatentOffice (USPTO) in the period-5 to —1 and in the period+1 to
+5, wherethe yearof privatizationis definedas year0. We erdedup with a setof 33 conmparies,
operating in 12 indudries and 9 Western European courtries. In 27 cases out of 33, the
companiesof this secand samplecaincide with thoseincludedin the one we corsiderin the R&D
commitmentanalysis. Following other studies using patentdaa on internatioral sample (Ahuja
& Katila, 2001; Stuart & Poddny, 199) we dedded to enploy U.S. paent datain order to
mairtain comgarablity.

Patentsdata were provided by Chi Research For each company in the sampe, we
ohtainedinformation on the total numberof patentsasignedatthe USPTOin anygiven year,as
well as on the average numbe of citatiors pe patet receved by following patens, over the
time-window year—5 to yea + 5, where we defineas 0 the privdization yea.

In orderto control for more gereral trends acrasstime and industries in the propersity to
paent ard cite we cdleded the same kind of paent indicators (avaage number of patents
grantedper compary andaverage citesper paten) at theindudry level aswell. A mgor diffi culty
in cdleding paent dataat the industry level desceds from the fact thatthey areclassifiedby the
PatentOffice into mary techological classs, and the devdopment of a corcordane betwea the
paent classard industry classificationis inherertly ambiguwus (Griliches, 1990). We acbptedthe
concadarce devdoped by Chi Resard, which categrizesal patentsinto 26 industry groys,
roughly correspanding to the 2-digit SIC codng schene. Under this classification, our sampe
companies were assigred to 8 industries (aerspae, autanotive, chemica, energy, machnery,
metals, phamacaeiticals,tele@mmunications).

M easures

Critical events. Severd studes in different fields showed the relationship betwea
organizdional adatation to critical everts and the actual maeridization of critical events
(Ghemawat, 1991; Tushman & Keck 1993), panting to the importance of conceptwally ard
emprically semratingthe critical evert itsdf from the moment chosenby the organization to
prepare for the event. In our case this mears to consider the time window betweenthe
amouwncemen andthe actual maeriaization of privatizaion, which we have previoudy called
the prepaation time, during which the pressue towards restru¢uring and reorganzation efforts
may be strongest It mustbe noted in fact, that changesin corpaate goverrane are very often



articipatedby changesin strategyand organzation, which canstartwell befae the actual selling
of the compary, and are promoted by Governrmens in orde to maximiz the vaue of the
company ard bytha thefinancial returis from the divestiture (Cueno & Villalonga, 2@0).

In our sampe we had completeinformationon bath eventsin 21 casesut of 35. In these
ca®sthe peiod betweenthe annauncemaent andthe pubic offering is on average equal to 2 yeas.
Suchvalue was confirmed by arecddal evidence cdleded from pressreleaseson sane of the
countriesobseved in our sampe. We thereforededded to corsider as the critical eventin our
aralysisthe anrourcenent date and usea 2 yearwindow before the public offer asan indirect
way of identifying the event for all our obsevatiors. To further validate our andysis, we also
codedour ddausing a seond time-window of 1 yer only, ard a tird oneof 3 years

R& D and patent indicators. We usefour different dependent varialdes in our amalysisto
measure firms conmitment in R&D adivities. First, we use the log transformation of R&D
experdituresin ary sinde fiscal year,convertedto constant (1990) U.S. ddlars,to control for the
skewvnes in the distribution of the variable. Secord, we compute the R&D intensity at the firm
levd, defined astotal R&D expendtures divided by total sdes in any given year. Third, we
compue “industryadusted” R&D intensity to control for industry influences, by subtracting
averageindustry R&D intersity from the R&D intensity of eachfirm in the sample.The target
industrieswerethe dominantindustries of eadt firm as reportedin Worldscge ard defined using
four-digit Standird Industrial Classification(SIC) system. As descrited above, we define the
industry R&D intensity as the ratio of businessenterpise R&D to outpu in ead industry ard
eadt country. Since the coverage of senice sedors is very limited in the statistics provided by
OECD, we were alde to conpletely compue this indicator over the aralyzed periodonly for 10
marufaduring industries,correspanding to 24 conparies in our sample. For the remaning ones,
we decidal to recu to the averagevalueof R&D intensityfor the whole manufacturing sectorat
the country levd. Finally, we calcuate our fourth indicator as the ratio of firms’ “industry
adusted”R&D intensity to the average industry R&D intensity,in orde to comparethe marginal
change of the individud firm with respedt to the indistry aerace.

To measue firms’ patenting adivity we usel threeindicators First, we usedthe number
of patentsassignedat the USPTO in each year of obsenation. Secorml, we construded “industry
adusted” patert court for ead compary in ary given year, calaulated as the differencebetween
the actwal number of patentsreceived by the compary and the average number of patents
assigned per company within the industry in the sameyear. Third, we used a seond normalized
indicator calculatedas the ratio of “industry adjusted patent count (the differerce descriked
alove) to the average number of paents grarted to companieswithin the industry, to control for
differencesaaoss indistries andime in thepropensity to patet.

Following previows studes (Herdersm et al., 198; Jaffe & Lerne, 1999; Trajtenbeaq,
1990), we consideed the number of citations per patert received by following paents as a
measureof patert quality. The underlyingassurption is tha a large number of citationsreceived
by a patentindicatesthat it haslead to numeraus following technological improvements. The
literature has confirmed that the intersity of citatiors received by compary’s patens is strondy
assaeiated with paterts’ techndogicd and economic value (Trajtenbag, 1990) armd with
companies’ markée value (Hall 1999).

To measurethe quality of paents assignedto eachconpary in our sampe, we therefore
calaulatedtwo normdized citation intensity indicators to cortrol for variatiors in the propensity
to cite aaosstime and industries,andfor the truncationin time of citatiors, given that - ceteis



paribus - older patentsare likely to reaive more citations. The first one is computed as the
difference betweenthe averge number of citatiors received per firm’s paent and the industry
citation intensity. This lastoneis definedasthe average numbe of citations per patent received
by the firms operating in the sane industry in a given year. The secord indicator is the ratio of
the rormalizedcitation intensty (as eéscribel abwe) ard the indistry citation intesity.

Independent variables. The study’s first indeperdert varialde is a dummy variabletha
takes for eachcompanyavalueof O for the pre-privatization estimationperiodand1 for the post
privatization period including the year of the divestiture by the State.However, this simple
variable doesrt pernit to captue the extent ard credibility of governmern divestiture, since in
mary case governments privatize SOE without selling the full amaunt of share in their
possessin. We therdore decided to control for these agymmetries and conpute for each
company the total amont of shares owed ty the privde sector in anygiven year.

Control variables. To include in our aralysis the reailts of previous studes on the
relatiorship betweenR&D experdituresand corporate goverrance(Baysirger et al., 1991; Hall,
1990; Hansen& Hill, 191; Zahrg 1996), we usefour contrds. First, to contrd for sale effects
in R&D investmets, we consider the firm’s size in any give year as meaured by the log
transfamationof total sales Second, foll owing the evidence provided by Hall (1990), showing a
negdive assaiation betweenR&D invedmentsard firm’s deli level, for ead firm in eachyea
of obsenation we calclate leveraye as total dabdivided by total asss.

In addition to firm-levd control variables, we alsotried to assesghe patential effects of
industry-levd varialdes that can influence manaers’ decisiors to investin R&D. Zahra(1996)
showed that the level of techrological opportunities in the industry has a moderatingeffed on
the assocation of governance and ownershipwith corporate entrepreneuship. Similarly, Chan,
Martin andKensirger (190) showel thatthe markd repporseto R&D investmet was positive
in the case of firms operatingin high tech industries,but not for firms operatingin low tech
industries.We therdore partitioned our sampe into two categoies ard used a dummy varialde
(LOW-TECH) to separae firms operatng in low-tectnadogy industries(1) from firms operaing
in high-tectndogy ones(0). The caegoarization into high-tecmadogy or low-tecmaogy groupsis
based m the classificatiorprovided by the OECD.

Although privatization (the transfer of ownership and liberaization (the openng up of
markets to competition) are distinct concept, they are very often intertwined ard
contemmrareous processs, eecidly in the caseof puldic utilities. Vickersard Yarrow (1988)
clealy statetha in those cags new ownershp arranganerts are cortingert to the competitive
structue of the industryin which the firm is operatingandthe reguatory constrairis it faces.To
this purpose, similarly to other studes on privatizaion effects(Cragg& Dyck, 1991; D'Soua &
Meggirnson 199; Meggirson et al., 1994;), we use a dummy variable (REGUL) to separate
companiesoperatingin noncampetitive industries(1), for instance pubic utilities which usel to
actin a monopady regime under the State owneship, by those operding in more competitive
industries(0). Following D’Souza and Megginsa (199), we define conmpetitive firms asthose
operaing in industries subect to intermationd product market competition, whereas
noncampetitive firms arerelativdy free of produd market competition.Corsequently, we include
public utilitiesin the latter group, such as telecomnunications cariers or energ utilities,and we
classifyall othe firms in the conpditive graup.



EMPIRICAL ANALYSIS
Descriptive Statistics

While almostall sectas wereaffeded by privatizationproessesvorldwide, the majority
of reveruescamerespedtively from pulic utilities and manufacturing (Siniscalco et a., 1999).
Our sanple reflects this distribution with 12 public utilities, suwch as erergy or
teleconmunicatiors service providers, and 23 manufacturing companies from both high-
techadogy industries,suc aspharmaeuticads, aerspae or telecanmunicatiors equpmert, ard
low-tecad ogy indudries,swch assteé or oil distribution.

Table 1 presentsdescriptive statistics Firms averageamud salesare $12,08 million,
with a maximum of $70,969 million and a minimum of $424 million. They spend beween $0.2
million and $2,603 million on R&D, with anaverag of $.05 milli on.

--- Insert Table 1 aut hee---

Onawerag, R&D intensity of our sampe conpariesis equd to 2.51. Firmsoperaing in a
low techndogy industry havean averageR&D intensity ratio of 1.27®6, while thevalueincreases
to 4.9 for firms operatingin high tecaogy industries.For firmsoperatingin highly regulated
industries,suchasthe telecanmunicatiors or erergy utiliti es, the ratio of R&D intensty is equal
to 1.07% ard it becanes3.59% in the caseof competitive industries. In 79% of the observdions
for which dataon industry R&D intersity are available, the averagefirm in the sanple is 60%
less R&Dintersive thanthe aveage firm n the industry.

Turning to paent data, the mean patent count is 40, although it presets a very high
variability (the standird deviation is equd to 50). Our sanple compmnes generde a lower
numbe of patentsper yearthan the averagefirm in the industry, as suggestedby the negative
values of the normalizel paent count indicata, (— 24 in absolue termsand — 27% in relative
terms).To this purpose, we should bea in mind than Chi Reserchkegps patenttracks only for
companiesthat presei a patent activity albove a threshdd of about 10 patentsper year, so that
companies included in the industry sampes are generdly very adive in patering. The
normalized citation intersity indicator is — 1.17, suggesing that our sampe patent are less
frequertly citedby sulseqiert patent that the as inclueédin theindudry bendimark

Pre and Post Privatization Cumulated Differ ences

To meaure compary levd changes in R&D investmats after privatization
amouwncemens we adopt an event study methodlogy, and assune that the anrouncanent
prececesthe public saleby two yea. To control for possiblebiasesin the exad definition of our
critical date, we hawe corduded a senstivity aralysis of our resuts, by considering that
privatization annourcements may precece the public offering respetively by one year, by two
years anddy three yars.Howeer, theresultsdon't vary significatly in the tree cass.

We patitioned all our observatiors at the firm level in two subgraups, represating data
relative to the pre-privatization and the postprivatization period We then treated our
obsenations as two independent sanpleswith unequal variance and usal a correded t-testto
statistcally comparethe meanvalueof thefour different measuesof R&D investments.Tables1



reports the means, the t-testsand the correspad ng p-values.We useone-tailed testsbecatsewe
areexarnte expectinga directiorality of the effect. More redrictive two-tailed tests, howeer, do
nat charge signficantly the magitudeof our resits.

--- Insert Table 2 aut hee---

In all case, contraryto our expectatios, we obsene anincreasen the overall anourt of
R&D investmets. In the first casewe recad a shift from an average amud value of the log
transfamation of R&D expenditures of 17.3 befae the privatization to 1850 after the
privatization. In the secand and third case the pre- and pog-privatization values for the log
transfamationof R&D experditures are regetivdy 17.55and 16.94 ard 1827 ard 1835.

The analysisof the relative perceageof R&D spering over the total firm sales,on the
contrary, offers oppositeresults.In all threecases,in fact, the ratio deaeasesnd the differerces
are statsticaly significant. If we look at this resut in conjunction with the previous one, a
possible exdanation lays in the changes experierced by the obsened firms nat only a the
numeratao (the absdute amaint of R&D spendng in ary given year), but alsoat the denaminator
(thefirm’s sales) As thefirst oneclearly increasessignficantly over time, the lower value of the
ratio signds a mae thanpropational incrase in the deomnator as well.

Theseobservatiors are confirmed by taking a closer look at the firm level R&D intersity
with respect to the overall industry average We obsene R&D intersity valuestha are slightly
higher than the industry avaagebefae privatization ard then become lower. Thesedifferenaes
are all strorgly statistcally signficant and paticularly interesting as they control for inter-
industry differeres, whichmight have gae umaticed in the prevous analyses.

Oneobjection to thesereaults coud be that the firms in our sanple have beengererally
underinvestingin R&D, regardlessof their ownershp structue. To control for this passibility, we
used our fourth and last varialde, which is the ratio of the differene in R&D intensity to the
industry average R&D intersity. The datareportedin Table2 confirm anoverdl tencercy of the
firms observel to reducethe commitmentto R&D adivities with respectto the indudry average
following the amouncenent of privdization.

We replicae this andysis using paent data. In this case it is important to bear in mind
thatwe enploy the nunber of patentgrantedasa meaureof innovation outpu. Giventhatthere
exists a delay betweenapplying for and granting a patentof about two yeas, it is likely that
changesin the R&D overall effort and shifts in the focus from basic to more apgied resarch
that may begn during the prepaation time, will be reflected in a differert numbea of patent
granted with a consistem time-lag. In the previous aralysis we sinded out the privatization
amouncemen asthecritical eventandassuned thatit took place on averag two yeas beforethe
divestmeh To aacount for delays that may occu in grarting a paent, we now consider the year
of privatization as the turning point to partition all our amud paent obsevatiors in two
subgraups

We cdculated the mean of each paten variable over the pre- and post privatization
period (pre privatization - 5 to —1 ard post-privatization O to +5) and thenusea t-testto exanine
whether significant differerces exist betwea the two subsanple groups (see Talde 3). The
numbe of patents granted at the USPTO goes from an averag 35.8 value during the pre-
privatization peiod to 45 patents grarted in the postprivatization peiod. Howeve, if we
compae this trendto the averag patent production in the industry, the increasetends to shrink
and becomes statstically insignificart: following privatization, the sanple firms reduced the gap
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in patert production from the industry average since the negdive difference passesfrom 25
paents to 22 pateris (from 28% to 26% in terms of marginal charge with respect to industry
averagepatert frequercy).

--- Insert Table 3 aut hee---

To testif thesurgein the propensity to paent mayleadto a decline in paent qudity after
privatization, we then examinethe changes in the mean valuesof citatiors per patent.Resuts in
Tale 4 show thatsampe firms patentsareon averagelessfrequently cited by subsequert patens
than industry ones, but this differerce terds to decline following privatiz&ion. Prior to
divestmem, our sanple firms paentshad 1.6 citationsless thanindustry ones,whereasby the
year of privatizaion, the differercein normalized citationsintensty reducedto — 0.8 citatiors per
paent (from — 21% to — 13% in terms of marginal charge with respect to industry averag
citation intersity per p&ent).

The Privatization Period Effect

Similarly to researh on the effects of public amouncemens on companies$ sharevalue
(Chanetal. 1990), in the previous andysis we singed out a spedcfic instant of time asa maker
between two distinct moments of organizatioral life. As well asin caseof pulicly tradedstocks,
however, the observationof our varialdes of intereststoo ealy or too far awayfrom the critical
date might carry same unobsened variarce, which could not be properly accauntedfor in the
model. Moreover, in our ca®, we areinterestedn a critical period more thanin a sinde critical
event This periodis the time during which the stateassetsare being prepaed to be sold on the
market. If we limit our analyss to the comparisonof pre and post privatization daa, we
undeiscae the role played by the transition period which is aso the areawhere the impad of
govermmert measuwes accamparying privatization coud be the gredest To accaunt for thes
elements we therefoe decided to distinguish three different periods: the period preeding the
privatization anrourcenent, the period from the amouncemaent to the public offering and the
period after the phlic offering.

We usedANOVA to compmarebetweengroupdifferenesin the averagevalues of our four
indicatorsof R&D investmets in thethreeperiadsfor thewhole sampe. The F-testderived from
the ANOVA statsticdly support (or not) the presene of a difference in the mears observed It
doesnot, however, provide any information on the directionality of the effed obsened. To test
for adecreaing levd of R&D investmatsin the threeperiads observel, we therdore decidedto
calaulatea linearcontrasttest,with coefficientssetequal to 1 for thefirst period O for the secord
peiod, and -1 for the third period As the length of the three periods and the number of
obsenations in each period differ, we compued the testasumingunequal variarce in the three
distribuions.

Table 4 reports the results of this analyss, which offer additional sypport for the
hypothesized negative relatiorship between privatization processse ard R&D investmets. In
addition to that,they aso highlight the speifi c role played in this processby the period dedicaed
to the preparationof the SOE to the marke investas. The vaue of the log trangormation of
R&D experditures befae the privatizationamouncemert is on averageequal to 17.18 ard it
sigrificantly increags during the time betweenthe amounemen and the public offering.
However, if we look at the rough andindustry adusted R&D intersity indicaors, we notice a



decreasiny terdercy, which startsduring the preparation period ard continues after the public
offering, signding the continuation of a significant regructuring effort, initiatedby the State and
carriedforward ly privateinvestors.

--- Insat Tade 4 abou here---

We repeatedthe sane amalysisfor patent varialdes. As befae, we assumethat changesin
the organization of R&D activities, which are likely to begn after the privatization
amouwncemen, will tradwce in changes in number of patentsgrantedwith a lag of araund two
years,in orde to corsiderthe delay betweenthe requestfor and the grart of a paten. Therdore
we now distingush threedifferentperiad: the periad befae the public offering, the period which
goes from the pblic offer to two yers kter, ard the peiod whichfoll ows.

Theresuts of the ANOVA analysis reportedin Tade 5 highli ght that changes in patenting
behavior may have begun before privatization, since thereexst significant differences acros the
threeperiods in termsof paten assigred at the USPTO. The number of patentspe yearbefore
privatization on avaageis 35.80 and it significantly increaes during the two following periods.
However, these diff erenes terd to disagpea once the trends in patenting activity within the
industry areconsicdered,given thatthe industry agustedpatentcount remans stable.Contrarilyto
our expectdions, the citatiors recaved per patentseem to increasesignificantly over the three
periodsas corparedto industry trerds in citationsntensity.

--- Insert Tade 5 abait here---
Regression Model

Changes in ownrershp structue coud nat be the only reasm for chargesin the attitude
towards R&D investments.In the previous sectiors we have cortroll ed for possibleinter-industry
differencesby adopting “industry adjusted” R&D indicaors ard have found consistery in our
resuts. To congder the influence of addtional variades that may impad on R&D investmet
decisionsaccadingto previous reseich, we estimated the followng regresion malel:

R&D; =a + 3, Log (Sizey) + B ,Privy + 3 sPrivsharg + 3 JLeverage, + &;

where i denatesfirms, t years.Firms size is measuved by the log transfaomation of total
amud sales Priv is a dummy varialle that takesthe value 1 in the estimationperiodfollowing
the public offering, including the year of the divestiture,ard the value 0 in the pre-privatization
period. Privshae is the proportion of firm’s share not owned by the governmert in any given
year. Leverageis defined astheratio of total debtsto total assésin any givenyear. For ead firm
I, we usel all the avalable observdions. We haveperformal a sersitivity amalysisby corsidering
the obsevatiors for a shater time window arownd privatization and haveincluded obsenations
up to three years prior the privatization ard for three yeas after the years in which the
privatizations were conpleted Howeve, the changes in the time window useddid not gererate
ary relevant charge in the estimatesbtained.

We adopted a fixed-effed (within group) estimatorto take into accaint the effects of
unobserveal heterognety, or the paossibility that unobsenable individud firm spedcfic effects
leadto permanent differercesin the amaunt of R&D invegmentsaaossfirms. The fixed-effed



approach takes the undoseved individual effed to be a group speific constart term in the
regessionmockel (Green 198). This tedhnique essentiallytrarsformsthe datainto deviations
from individual means and by tha it dropsthe time-invarianttermsout of the final egimating
equation

Table 6 repats the resultsfor the four mocels estimated, each one using a different
meaurefor the deperdert variade. In this modd, the dunmy variable tha measures the post
privatizationperiad has a significart postive relatiorship with the dependent variablesin all the
models. On the contrary, PRIVSHARE, which cafures the perceatage of shaes owned by
private shaehdders, has a negativerelationslip which is highly signficantin the models with
“simple” ard “industry-adusted” R&D intersity as dependent variables. This suggests that the
higheris the tranger of cortrol, the higher bemmesthe changein the investmentharizons of the
companies and the dismntinuty with the precalert pradices. Compary size hasa statistically
positive effectonly onthe log trarsformationof anrud R&D investmets, offering mixed results
with respectto the pres@ceof scaleeffeds. Finally, theevidenceon firm's leverag values offers
same mixedsupport to the results preided by Hall (1990).

--- insertTable6 alout here---

To enpirically investigate the interaction of privatizaion with industry-levd variables in
affeding R&D invedment, we then investigateda regressim model including direct ard
interadion terms which refer to the level of techrological opportunities and the intensty of
compdition within the industry. Under this specification our estimationequdion takes the
following form:

R&Dii= a + [3; Log(Size:) + B, Privii + B3 Privsharg + 3, Leverage +
+ BsLow-tech; + BsReauli + B7 (Low-tech; * Privy) + Bs (Reguit * Privi) + €

where the coefficients3s , Bs and 37, Bsresgectively pick up thedired and interaction effects of
the level of techmlogcal opportunity ard of the intersity of competition. As describedabove,
Low-techis adummy equd to 1 for low-techfirms, ard O for high-techfirms, whereasRegu is a
dummy equal to 1 if firm i operatesn requlatednoncompetitive industries andO if it operatesn
compditive industries. Howe\er, it shauld be stressedthat it won't be possible to seprately
idertify the lineareffed of thesetwo variablesin the “wit hin-group’ regresson model, since this
estimato doesn’t pernit to obtain estimatesof ary time-invariantexplanatory variables(Bloom
& Van Reenen 2001). The within-group trarsformation in fact, nat only removesthe undoseved
individud effectsbut also the effetsof any dosened \ariable that stime-invariant.

Looking at theresultsin Table 7, we note thatthe techndogicd opporturity-privatization
interadion term is negative in the last two model, but insignificart at conventiond levd,
swggesing only a limited decreae of R&D effort after privatization as compaed to industry
averagein the caseof low-tech industries. This corfirms only partially the resuts obtaineal by
Chan et al. (1990). On the contrary, for al of the four models, privatization leads to a negdive
impact on R&D investmen for noncampditive firms, as in the case of pubic utilities, as
swggesed by the negative and significant coefficierts of the regulationprivatization interaction
term. We interpret this obsenation in the light of the simutareows process of market
liberalizaion that very often accanpanies the divestiture of the Statein the case of public
utilities Our resuts suggest that in these industries the presswe of conpetition on the
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product/service marke further encaurage the reduction in R&D commitment,a trerd which is
confirmedby anedaal evidernce stemring from differen courtries (Munari et al., 2000).

--- insertTade 7 abaut here---

Turning to patentaralysis, the number of patent assignel to a company in a given year,
the first deperndert variableof our amalysis,is a typicd examge of count data, since they hawe a
non-negative discree naure ard geneally presem small valuesand excessof zeros In this
contex, a Poissonregressim appoad resuts appropriate. Conseaiertly, we decidel to adgt the
following Poissonregressionmodel:

Patent, = exp(B, Log (Sizey) + BB 5Priv;; + B sPrivsharg + 3 sLeverage, + 3 5 Indpat; + €;)

where Paten ;; is the number of paterts assgned to company i in yeart, and the
explaratory variablesare the sameadopted in the R&D investmen model, except for Indpa;,

thatmeasureghe avaagenumkber of patents assigred per conmpary in the industry. However this
simple model doesn’t permit to acournt for the preenceof unobservel heterognaty. The
stardardappraachto corsider the problem of nat obsened heerogeneity in panel data with count
madel is the Poissoncorditiond maximum likelihood estimato proposedby Hauisman Hall and
Griliches (1984), searating persistent individual effeds by corditioning on the total sum of
outcomes ove theobsevedyears.

We hawe therdore adopted this estimatorin our regessionmodd. Table8 repats results
from the conditional Poison specificationin Colurm 1. The variable PRIV, which captues the
post-privatization period, has the expectedpositivesign, but it is statsticdly insignificant. Onthe
contrary, PRIVSHARE, which measue the perentag of stke held by private shaehddersis
paositive and signficant, suggestingthat the more credide is Statedivegmentand the trarsfer of
control to private secta, the higher is the increasein patent productivity. Among the control
variables, firm size and espeially the level of patentingactivity in the industry (INDPAT) are
significant.

A maja shortcaming of the corditiond Poissa is the undelying asumgion of equdity
between the variarce and the mean To assesshe prablem posedby overdispesion in the data,
we then adopted a fixed effect versionof the negativebinomial mocel proposeal by Hausnan et
al. (1984). The estimatesfrom the negative binomial specfication arerepated in Cdumn 2 of
Table8. Theegimate of the coefficiert of the post-privatization period is stil postive and grater
(0.23 thanthe estimatein the Poissonmodd (0.01), andit is now staistically signficant, aresult
thatconfirms the increasen patentingactivity after privatization. On the contrary, the coefficient
of PRIVSHARE is now negative, althowgh not signifi cantly. Moreower, the control variades we
introduced in the moe| are allstatistically sigificant.

--- insert gble 8 alout heae ---

We thenturnedto the citationintersity regresion, to testour hypothesistha the increag
in patenting after privatization emergirg alsoin the regresson analysis,may negatively affect
averagepatert qudity. The dependent varialde, the difference betweensampe company citation
intersity per paent and mean industry citation intersity, is now a continuous varialde.
Accordingly, we ad@t a fixed effects (within-group) speification to account for permanent



differencesin behavor acrossindividual firms. Column 3 of Table 8 provides the regressn
estimatedor the citation intersity regressim, where the explamatory variablesare the sameof the
paent count model. The coefficient of PRIV has now a negative sign as we would have
expeded, whereasthe share of private owneship has a positive sign. Howewer, bath of the
variables cgpturing the trarsfer of owneaship don't reault statistically significant. Thus, it is nat
possibleto drawv any strorg conclusion from the citation intensityregressionabou the asso@tion
between privatizationard an increasein the value of invertions paterted. Among the control
variable, firm size leverageandthe level of patentproduction in theindustryare all signifi cantly
asseiatedto citation intersity. The last relatiorship suggeststhat paents tha are assgned to
companies operding in industries with high paterting activity are more likely to be cited by
subseqert patent, astiis logical to exyect.

CONCLUSIONS

Ove the last two decacks, privatizatiors prograns have profoundy trarsformed the
ecaomiesof a variety of courtries, consistetly redudng the role of the Stateasa major owner
of productive asets.Howewer, the literatue on privatizationhasmanly focusedon asessingts
consegienceson stétic effi ciency, while dynamic efficiency gains, involving investments,R&D
and innovation, havebeenreatively ignored.

In this pgper, using an evert-study methodblogy, we invedigated the conseuences of
privatization processeson the incertivesto investin R&D and innovation output. Our findings
syppat the hypathesesof a negdive assocdation betwea privatization proceses and R&D
investmets. We document significart decreass in the mean levels of R&D intersity after
privatization, even relatively to industry trends, and highlight the impad of prior restructuing
undertaken by the governmaent to maxmize firm valueandthus achieve a greder price from the
sale.Moreo\er, the amaunt of sharesbeing soldto privateshaehdders,the level of teca ogical
opportunities and the degee of market conpetition of the industry seemto affed significantly
R&D commitment within privatized conparies.

Since R&D is just a measwe of innovative input, we also ases®d the impact of
privatization on paterting activity. We doaumert arisein the aveagenumber of assignedpaents
after the State divestmemt, which is largely in line with the trerds in patenting occuring
contextually within theindustry. At the sametime, paent quality, meauredby citatiors received
by sulseqen patents,doesrit seemto decreae signficantly. This lastresut contrastswith the
hypathesiswe advarced regardinga possiblelowering of the threstold adopted in the decisionto
paent following privatization On the cortrary, it suggess that the switch in ownershp induce
privatized companiesto produce more paten, by reorierting their reseach activities towards
area with more direct commercialapplicahlity. This is coheren with the findings of Jaffe and
Lerng (1999) on the impact of legslative refornms of the early 80s on paentingandtechnology
transfe activitiesat US. natioral laborataies.

Taken together, these findings sugged that privatization may lead to an overall
improvement in R&D produdivity and the innovative outcomes deriving from restructuing
processmay be consideed postive from the persgective of private investors. Theseresultsare
consistem with the literature on the impact of privatization, which on aveage document
sigrificant improvenmentsin financial and operatingefficiency of privatized firms (D’Souza &
Meggirson 199; Galal et al., 1994, La Porta& Lopez de Silanes, 1997; Meggirson et al.,
1994).



Besides diredly cortributing to the literatue on the corseqercesof privatizaion, our
stud/ swpats preeden researh which examinal the relationslip beween govenarce
structuesandinnovation (Hall, 1990; Hitt etal., 1991, 1996 Hoskissm et al, 194; Kochar aul
Dawvid, 199; Zahra, 1996). More preasdy, it confirms tha the natureof the institutional owner -
in our casethe State- ultimately affects the firms’ propensityto inved in R&D activities. Our
findings arein line with prevous studies (Zhaa, 1996; Koccharand David, 1996) showing that
the differences in institutional invegors objectives leads to differerces in their investmen
behavior andability to influencecorparate innovationoutcames.

Our study presats seeral implicatiors from a public policy perspetive. First, we find
that privateowned companiesare unlikely to makethe samelong-term commitmentasdid State
owned enterpises, andthat the barriersto private risk-taking vary acres industrial sectors We
arguethatthis reductionis to be corsiderel positive in terms of private interest,sinceit is driven
by a better use and higher prodictivity of R&D resaurces However, a criticd situation arises
when the abandned R&D activities,of limitedinterestfor the compary atleastin theshat term,
but important in a more geneaal serse for the industry or for society as a whole, are not
undertalen by other suljects, sincein this casetheir abamlonment canhavea negtive impad on
sccial welfare. A typical situaion of marke failure emergesand the intervertion of the State
should be requestedn forms that differ from owershipand cantrol.

This shauld be opporture ard in theinteres of generd welfare but it is not alwayslikely
to hapgen. For instance, in the eledricity sector in the United Kingdom the huge cuts in R&D
experdituresby the successrs of Stateowned CEGB were not acompaniedby a carespanding
increase in spendng by the governmert on erergy reseach. As a corsealerce, resarch in
important areas, suchas environment protection, was negatively affected (Kenward 1993). To
this purpose, further researchis needd to assesghe impad of privatizaion on socialretuns to
innovaive activities.

Finally, it is importart to acknowledge this paper’s limitatiors, which indicate some
fruitful avenues for future researh. A first weakness derives from the limited number of
companiesconstituting our sampe, which is strictly relatedto the limited numkber of privatization
programsof relevart sizethat have occuredworldwide over thelasttwenty years. The possiblity
of corsidering larger sampes in future resarch for example by including firms privatizedin
developing ecanomies, will largely deperd on the objective difficulties of collecting reliable
financial and innovaion data on intermationd companes. Secom, a mgor difficulty in the
assaesmen of firm-levd changes in performance after privatization regards the multiplicity of
variables that typically intervene at different levels (firm, industry and country) and gererate
substantialnoise arourd the ownership effect (Cuervo & Villalonga, 2000; Ramamuti, 2000).
This wasour main concernard we tried to control for different factorsboth at the firm levd, for
instarce by semratingthe individual permarent effeds in the regressionmodds, ard at industy
levd, by adoping industry adjusted indicators and by differertiating between competitive ard
non-compditive firms or betweenhigh-tecmadogy and low-tecladogy firms Howewer, future
studes may emgdoy more sgphisticatedcontrol variables (for instarce to meaurethe levd of
compdition within the industries) or researchapproach(suchas matchel-pared reseach designs)
in order to acourt for thesecritical issues Anotherlimitations of this study derivesfrom the use
of paterts as a measuwe of innovative output. We have addessedthe prablems of the high
variancein the value of patentsby consideing citatiors-basedmeasues to proxy patentquality.
Futureresarchmight moredirectly tacKe this isste by analyzing the impactof privatizationson
the undelying ecanomic valwe of innovatiors.



Despte theselimitations, we believe that this study providesthe first enmpirical evidene
on the impact of privatization on innovation adivities and cortributes to deegen our
underganding of long-term conseaqiercesof the decisia to privatize public sector adivities, a
rich are for future reseech.
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TABLE 1
Summary statisticsfor all variables

Mean Standard Min Max
deviaton

R&D expenses (Log) 18.47 2.59 5.17 21.68
R&D intensity(R&D/Sale$100) 251 2.46 0.01 16.11
Industryadjusted R&D intersity 2 -0.28 2.15 -11.22 3.93
Industryadjusted R&D intersity/I ndusty R&D .69 1.71 -0.96 6.63
intensty
Patent coun{number) 40.90 50.52 0 274
Industryadjusted patentount® - 23.67 59.53 -171.23 21492
Industry adjusted patent countindusty paent -0.27 0.95 -1 6.33
court
Industryadjusted citation intersity © -1.17 3.07 -10.64 12.41
Industryad ustedcitationintensity/ndusty citation -0.17 0.76 -1 7.07
intensty
Dumpriv .62 .48 0 1
Privshare %) 54.66 38.16 0 100
Sales ILog) 9.09 115 6.05 11.17
Leverage 24.74 15.23 0 71.88

@ The industryadjusted RD intensityis the differerce between fim R&D intensily (%) and industryR&D
intensty (%).

® The industnyadjusted paterttownt is the difference betweerhe firm patentownt andtheindusty average
patentcount.

° The industryadjusted cition intensityis the diffelerce between frm averageitations per patenand
industryaverage citations per patent

TABLE 2
Changesin R&D investments before and after the privatization announcement, assuming
announcement occur s within 2 years from the public offer

Pre Post T-test  p-value

(one &il)
R&D expenses (Log) 17.55 18.27 -1.77 <.05
R&D intensity(R&D/Sale$100) 2.93 2.37 1.91 <.05
Industryadjusted R&D intersity ? 0.10 -0.41 1.85 <.05
Industryadjusted R&D intersity/| ndustry 1.2 0.51 3.09 <.01

R&D intensity

2 The industryadjusted RD intensityis the differerce between fim R&D intensily (%) and
industryR&D intensty (%).



TABLE 3

Changesin patent quantity and quality before and after privatization year

Pre Post T-test  p-value
(one &il)
Patent counnumber) 35.83 45.01 -0l17 <0.5
Industryadjusted patentount? -25.11 -22.47 -041 n.s.
Industry adusted patent count/ Industry -0.28 -0.26 -0.16 n.s.
patentcount
Industryadjusted citation intersity ° -163 -0.80 -250 <0.01
Normalzed citation intensitylndusty -021 -013 -1.00 n.s.

citation intersity

2The industryadjusted patentcount isthe diff ererce betweethe firm patent cant ard the industry

average paterttount.

® The industryadjusted cition intensityis the differerce between frm averageitations per patent

and industryaverage citations per patent

TABLE 4
R& D commitment: comparison of between group differencesin thethree periods for the whole sample
Préd During® PestC F-test Contrast
t-tesf
Ln R&S expenses 17.18 17.67 18.63 6.87 -1.48***
R&D intensity(R&D/Sales100) 2.93 2.40 2.35 1.91 .57
Industryadjusted R&D intersity 0.17 -0.26 -0.50 2.84 .69*
Indwstry adusted R&D intersity/Industy 1.24 0.63 0.44 6.28 .80***

R&D intensity

ayuntil 2 yearsbefore the Publi®ffering
b From2 years befor¢o the Public Offering

C After the PublicOffering
d Linear contast coeficients 1,0, -1
* p<.05,** p<.01, *** p<.001



TABLES
Patent quantity and quality: comparison of between group differencesin thethree periodsfor the whole

sample
Pred DuringP PstC F-test Contrast
t-tesf
Patent counfnumber) 35.80 41.00 47.12 1.74 5.57*+*
Industryadjusted patentcourt® -27.06 - 26.56 -18.02 0.89 1.26
Industryadjusted patentount/ Industry pagrt -0.27 -0.27 -0.26 0.99 0.01
court
Industryadjusted citation intersity ° -0.19 -022 -0.10 0.47 0.06
Industryadjusted citation intersity/Industry -148 -093 -092 1.42 - 6.06***
citation intersity
aBefore he Puwlic Offering
b Fromthe Putic Offeri ng to two yearsafter
€ Fromtwo years afterthe Public Offering
d Linear contast coeficients 10,-1
* p<.05,** p<.01, ** p<.001
TABLE 6
Estimates of the R& D Investment Model. M odels with Fixed effects
(standard errorsin parenthesis)
Modd 1 Modd 2 Modd 3 Modd 4
Dependenh Log R&D R&D intensity Firm R&D intensty vs. Difference of firm
variable (R&D/Sales) Industry averageR&D R&D intensity over
intensty Industry averageR&D
intensty
Intercept 12.270** 4.,332* -3.985* 1.688*
(.587) (1.461) (1.670) (.826)
Log Sales .B57*** -.179 A32* =121
(.066) (.164) (.190) (.094)
Priv A418r** 1.238%* .662** .307*
(.086) (.217) (.237) (.117)
Privshare -.002 -.023** -.012* -.002
(.001) (.003) (.004) (.002)
Leverage .013%** -.008 .001 .01
(.003) (.007) (.008) (.01)
R2 A3rrx L 2%xx .06** .03**
N. of firms 35 35 33 33

*p<.05,** p<.01, ** p<00L



TABLE7

Estimates of the R& D Investment Model. M odels with Fixed effects and I nteractions

(standard errorsin parenthesis)

Modd 1 Modd 2 Modd 3 Modd 4
Dependen Log R&D R&D intensity Industryadjused R&D Industryadjused R&D
variable (R&D/Sales) intensty intensty/IndustryR&D
intensty
Intercept 12.39G** 4.202* -3.596 1.885
(.595) (1.497) (1.694) (.835)
Log Sales .648*** -.163 402* -.135
(.067) (.168) (.192) (.095)
Priv .093 1.27%** .814** 379*
(.145) (.250) (0.275) (.136)
Privshare -.002 -.023*** .011** .002
(.001) (.003) (.004) (.002)
Leverage .012%** .009 .002 000
(.002) (.007) (.008) (.004)
Inttech .057 192 -.156 -.04
(.104) (.264) (.293) (.14)
Intregul -.353** -.142 -.668 421
(-130) (-339) (.401) (.198)
R2 A4rrx 13rxx .07** .05*
N. of firms 35 35 33 33
* p<.05,** p<.01, ** p<.001
TABLE 8
Estimates of the Patent M odels
(standard errorsin parenthesis)
Modd 1 Modd 2 Modd 3
Pdsson model wth fixed Negative binomialmodel Within groyp estimaor
effecs with fixed effects
Dependenvariabke Number ofpatents Numberof patents Industry adjusted citation
intensty
Intercept 7.68
(4.22)
Log Sales .036 47 - 1.08*
(.040) (.024) (.48)
Priv .010 227* -.04
(.029) (.094) (.01)
Privshare .001* -.001 .32
(.000) (.001) (.45)
Leverage -.001 -.014* .01*
(.001 (.004) (.01)
Indpat 0.008** .008** 0.03*
(.001) (.002) (.01)
Log likelihood -1136.13 - 835.59
R2 .54*
N of firms 28 28 28

*p<.05,** p<.01, ** p<00L
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