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ABSTRACT

This study develops a novel approach for measuecdignology imitation by the South
through a new proxy of patent scope. It then gitsrto quantify the significance of this
measure as a potential determinant of FDI inflawts selected high-technology sectors.
The empirical investigation --employing data foe tt992-2001 period covering 13
countries from Asia and Latin America-- demonsgatet neither this measure of patent
infringement nor the more standard measures dfentaal property protection are
significant, and that the most crucial determinafritigh-tech investment flows appears
to be the scientific and technical sophisticatibthe local personnel in the recipient
countries. In this way, the study generates adifit set of policy implications than
those emphasized by the recent international paggeements.

1. Introduction

Protection of intellectual property rights (IPRs)s been a prominent item on the
international policy agenda, especially in the eghbf economic globalization.
Proponents of stronger IPRs point to their posiitmrpact on a country’s international
trading position, technological advancement, andstment inflows. One standard
hypothesis has been that a weak IPR regime detexigifi direct investment (FDI),
especially in high technology sectors where knog#éeldased assets play an important
role. In order to promote inward investment, dep@lg countries have been advised to
adopt stronger patent laws. Recently, this haa besgitutionalized in the WTO
agreement on trade-related intellectual propedfyts (TRIPs). However, the extent and

coverage of protection remains largely an opentgpreand one that raises a number of

1 Under the 1994 TRIPs agreement (one of the agnesmesulting from the Uruguay round of
international trade talks), WTO members must adogtenforce strong and non-discriminatory minimum
standards of protection for intellectual properfyo be in compliance with international standatlis is
often (voluntarily) extended to technologies in rewd controversial areas such as biotechnology and
electronic databases. Many developing countrige batil January 1, 2005 to implement all aspetts o
TRIPs.



related questions. How wide or narrow should adible patents be in less advanced
countries? Will wider patents stimulate FDI? Whiey stimulate local innovation?
What, from a development perspective, are the gpiate criteria for innovativeness?
The main objective of this paper is to explorepbssible role of patent scope in
the technological progression of developing coestriPatent scope is defined as the
effective coverage of a patent. Two dimensionégparticular relevance. The first is
the doctrine of equivalents. This allows patenhers to litigate against competing
products -or components of products- shown to bergglly equivalent to what is
covered under their invention. One way to thinkwglibe doctrine of equivalents is to
associate it with horizontal scope. The second dgio: -of a more vertical nature- is the
height of a patent. This refers to the sequemtipfovements that may be deemed
infringing. In other words, it is concerned witietdegree to which a follow-on invention
must “improve” upon the original invention in orderpass the novelty test.
Determining the possible impact of alternative paseope practices on the
technological prospects of countries may not beilidaat present. As said, the TRIPs
agreement is recent and most countries are stifgling with some of its thornier
issues. This study takes an indirect route tajtrestions at hand. In particular, an
attempt is made to evaluate the hypothesis thattdes with a history of patent violation
(as presently defined) an®t attractive locations for multinational corporatsonA
“patent infringement” proxy is used as a possildeedninant of FDI in an econometric
model where the latter is defined as direct investiniby US firms in the high-technology
sectors of each of the sample countries over ge¢anperiod. If the hypothesis that
patent violation deprives countries of crucial fgreinvestment is true, then the
influence of this proxy should be negative. Moregthe proxy is defined in a way that
also sheds light on the differential impact of altgive patent widths on technology
acquisition. Hence, the objective of the studiyvs-fold. The first is to tell a story about
the extent of creative imitation that countriesdactually done. The second is to draw
some conclusions of relevance to future patentespoficies.

2 See O'Donoghue (1998), O'Donoghue and Zweim(ilee8), and O’Donoghue et al (1998) for further
details on these dimensions of patent scope.



The paper uses a panel dataset covering 13 caulfivi|m Asia and Latin
America between 1992 and 2001. The results shatiltle main determinant of inflows
of this type of FDI to these countries is theitteical and scientific capabilities. None of
the other variables -whether the traditional orrethe patent-infringement measure
constructed for this study—come out significanhisTleads to the conclusion that
countries seeking to attract FDI into high-techggléields should focus mostly on
augmenting the (pertinent) human capital of theanpower.

The rest of the paper is organized as follows. fidy section provides the
theoretical motivation for the study. Section thpgesents an overview of the literature
on the relevant issues and the special contribatidhis paper. Details on the
methodology and data used to test a simple ecomemabdel are described in section
four. Section five discusses the model’'s empinieallts. Finally, section six concludes

with policy implications and recommendations.

2. A Theoretical Framework

The relationship between intellectual property tsglind foreign investment is
analytically complex. Under a weak or lax IPR regj the provision and sharing of
intellectual assets with subsidiaries can be r{8ksrkusen, 1998)Ceteris paribusthis
tends to make a country less attractive for MNQgats. On the other hand, strong
protection may shift the preference of interestagbarations from FDI towards
licensing. This contest between tharket-poweandmarket-expansioeffects of
stronger IPRs constitutes one level of compleXi#nother source of complexity lies in
the multitude of factors involved in the MNC invesint decision. Ultimately, what
matters to the firm is the likelihood that an inwveent will raise its expected profits. The
factors that influence profitability are numerods:om the viewpoint of a prospective
MNC, the strength of IPR laws is one of many vdaalio consider as it weighs FDI
against other market penetration options that neafeasible (exporting, technology

licensing, joint ventures, etc.) To gain a cleamederstanding of this concept, it is,

3 Another, perhaps more readily observable, exawilee market-power effect would be the greater
tendency of MNCs to engage in monopolistic and &feusractices under a system of stronger IPRss Thi
happens, for instance, when these firms use tléénps to prevent domestic manufacturers from iegter
specific markets, even where no patent infringementld be involved.



perhaps, helpful to recall the three main motivaithat lead a firm to establish foreign
subsidiaries. Following Dunning’s ownership-looatinternalization paradigm
(Dunning, 1981)the first is to support its operations by undertglkactivities that are
closer to the target markets yet under the MNQ'satlicontrol. The second is to
rationalize activities according to cost by locgtin sites with inexpensive resources.
The third motivation is to avail from (and interzal) the knowledge spillovers that are
made possible through closer interaction with otteemtries (specially advanced ones
with skilled personnel). Among these motivatiomsly the first is directly related to the
protection of intellectual assets.

Just as multinational companies view IPRs as onsideration among many,
policy makers in developing countries may be adliitbat in implementing stronger
standards, the appropriate balance must be stetakebn the requirements of technology
acquisition and technology generation. Most natiwiiswish to adopt a set of policies
that do not unfairly disadvantage domestic inventord creators. They may succeed in
achieving that thru interpreting TRIPs in a manthat allows sensible and appropriate
exemptions, and thru carefully defining the scopprotection for different technologies
and fields (Maskus, 2008) More generally, countries must continually strivalevelop
an effective competition system in order to ensha¢ patents promote rather than stifle
technological growth (UNCTAD, 2001). As a recevibrld Bank report states, since the
bulk of the world’s intellectual property is actlyabwned by the industrialized countries
(with many developing countries holding no patexttall), the TRIPs agreement has in
essence shifted the rules of the game in favanade countries (World Bank, 2001).
Given this, the overriding concern of the less digwed nations should not be the
protection of others’ patenper se but rather accommodating them in TRIPs-compliant
but non-restrictive ways.

What about patent scope? The claims of each paterspecified in the

application originally filed with the national pateoffice in the country in which

4 The case of Brazil provides an example of how ektio patent laws can be intelligently crafted to
prioritize a country’s needs. By producing genéfl¥’ drugs, Brazil was utilizing the leeway allowbg
TRIPs with regard to compulsory licensing of esisgirugs. The Agreement does not limit the graund
upon which compulsory licenses are to be grantedobly requires a clear specification of thoseugids
and reasonable rates of licensing fees to ther@fignventor. Recently, the U.S. was forced tddiaw
proceedings against Brazil's compulsory licensimgyvsions after that country managed to prove the
provisions were within the bounds of TRIPs (see WR&porter, June 26, 2001).



protection is sought. As a matter of practice,radteational patent office receives an
application it is scrutinized by the examiners ébeimine whether it constitutes a
patentable invention and which of its claims tafyatin advanced countries, this could
be followed by protracted legal procedures to aidate infringement cases or
competitor-instigated investigations. In the Udit&tates alone, thousands of cases are
prosecuted every year as a result of contendimgprgtations of patent coverage
(Merges and Nelson, 1994; Lanjouw and Schanker@@0i).

The TRIPs agreement itself does not provide muattagneze on this matter except
to state that countries have the flexibility toatatine the most appropriate coverage
guidelines in accordance with their national insereThis is very vague. Further, it
makes it possible for advanced nations to predegseadvanced ones to adopt patent
scope policies that are harmonious with theirst finsans that developing countries --
eager to appeal to foreign investors-- may be cdliegpp®o extend unqualified protection
to foreign patents that are wider in scope thantwiaes customary under prior practices.
Under the new system, a single broad filing maynaele (say by a foreign firm) that
encompasses discoveries previously spread outseveral filings. Pressures aside,
because developing nations have limited prior égpee in patent administration, they
are likely to face considerable challenges as thnaff appropriate policy guidelines in
this complex domain. It is hence expected thatymetional patent offices will choose
the easy route and recognize awards registerdeibd§ or in Europe without scope
restrictions (or even due diligence). Will thatdggimal from a development
perspective? The previously cited World Bank répays it may not and explicitly
cautions countries against blanket, non-selecteegnition of foreign patents. The
granting of narrow claims and the adoption of amar(or no) doctrine of equivalents
are among the recommendations proposed for lowsaddle-income developing
countries. The report generally advises nationsdigh carefully any requests to grant
protection that would reduce their access to infdrom and technology in any shape or
form (p. 148). Obviously, the most serious thiefaride patent scopes would be the

inability of inventors from developing countriesdonduct meaningful research in



certain fields without purchasing licenses for tinelerlying technologies. In cases where

patent owners charge hefty license fees, innovaiivieity will be slower’

3. Exploring the Role of IPRs in Development

Little economic research has been done on the sagpropriate patent scope
policies for developing countries. Rather the ke literature has explored the issues
involved in two different tracks. There have beemerous theoretical studies on patent
scope from aevelopedtountry perspective. On the other hand, thedlitee on
intellectual property rights in developing coungrigas confined itself to the strength of
the IPR regime from a general statutory standpofmty exploration of the nuances of
different alternatives is practically non-existe@n an entirely different track, a good
chunk of research has focused on the broader quastknowledge acquisition in
developing countries. Much of this work is aneatloFor the purpose of this paper, a
digression into the insights generated by thisditere is useful in as far as it describes
the mechanisms thru which developing countries fiteinem external technology.
These insights may help us gain a deeper understpatithe role of intellectual
property and, more importantly from the perspectif/éhis paper, the role of patent
scope policies in technological development. Iatfbllows, the pertinent works are

summarized in three modules according to the absx@omy.

3.1 Narrow or Wide Patents

The literature strongly suggests that even in teldgically advanced countries,
the jury is still out on the optimal breadth ofguatls. Different OECD countries have had
different experiences with this policy element,hwiractices ranging from wide to
narrowly-defined patent claims. Furthermore, défeial country performance in terms
of innovative output has not strongly favored oeeds practices over the other. The
long-standing Japanese policy of allowing narrangle-claim patents is a case in point

(as will be explained below).

5 For instance, the biotechnology industry maké&stively intensive use of broad patents, such astie
currently held by Genentech on the use of geneessjn techniques in bacteria to reproduce human
proteins. Under the TRIPs agreement, developingtties may claim exemption from biotechnology
patents, but pressures have been mounting on theonsider greater harmonization in that respear{@V
Bank, 2001). The effects of stronger protectioragricultural research are likely to be negative.



What economists seem to agree on is that considezabnomic trade-offs are
involved. For example, Gilbert and Shapiro (199@3gest that narrow patents are better
because broad patents create more deadweightKdssiperer (1990) finds that the
optimal design depends on consumer preferencedolupt variety. Broad protection
results in a wider portion of a product space beiogered by a patent, and this reduces
variety. Taking a different route, Denicolo (19%8pws that greater competition in the
race for new products is often socially wastefatom this perspective, broad patents are
probably better as they tend to reduce “over-fighimithin the same product space.
However, a survey by Mazzoleni and Nelson (1998Wshthat it may not be so much
the quantity of patent races that creates the lseaiste, but the quality of those races.
The broader the potential scope of the covetechpdtee higher are the stakes, and the
more aggressively firms will compete. The prosp@étwinning one of mangarrow
patents may lead a lot of firms to jump into R&Dnhtests, but the prospects of winning
onewide patent (with a lucrative commercial value) is whaherates most of the
socially wasteful “over-fishing” phenomenon.

In exploring the matter of patent scope, one maat n mind the two dimensions
along which it operates: the horizontal dimensidindrsification within the same
product class) and the vertical dimension (sequenaf product qualities). A crucial
assumption behind the findings of the above paigdigat the nature of the patent award
does not affect the incentives of subsequent relsees. Merges and Nelson (1990,
1994) were among the earlier authors to analyzénpact of patent breadth on
cumulativeinnovations, where the vertical sequencing of imioms is the issue of
interest. They cite numerous anecdotes from raoduostrial history that reveal how a
wide breadth can hinder improvements on existingwations. If wide patents are
allowed, today’s inventors will be ensured agaerstroachers but tomorrow’s inventors
might be deterred from venturing into certain feeltbcause of the likelihood that their

inventions will be challengef.The general conclusion is that patent breadthlshue

6 A good example of horizontal innovation woulddiferent drug compositions for the treatment @& th
same disease via the same (or similar) mechaniim$etter understand sequential innovation, on the
other hand, consider how the Lotus 123 spreadgmegtam built on VisiCalc and how MS Excel built on
Lotus, or how successive generations of comput@sdbuild on one another.



kept narrow in situations where an invention opgms relatively broad future prospect.
Lerner and Merges (1997) reach the opposite cowciudn this study, the authors
present a rationale for why the scope of awardsldhectually be broad in an industry’s
formative years: a wide scope helps spread thengakbuilding blocks of the underlying
technology as far as possible through orderly d@dp licensing. As the industry
structure evolves and further inventions accumuytaeeallowable breadth should be
narrowed down to make room for healthy competitidfore recently, however, Bessen
and Maskin (2000, 2002) demonstrate that a widerpaward could preclude other
firms from pursuing a subsequent innovation, legdma situation where -from a social
welfare standpoint- strong protection is worse tharprotection at all. Their conclusions
do not seem to be contingent upon the stage ofl@@vent of the industry concerned.
Several other studies have in fact emerged in éisefew years on the issue of
patenting sequential innovatiofisThe space does not allow for any delving inte thi
research, but the following two comments will bedma First, the balance of the present
theoretical work seems in favor of wider paterSeen within the context of the general
global thrust towardstrongerpatents, this is not a surprising concurrencecoSdly, as
said, none of these papers deal with the possleeof patent scope from the perspective

of a lower level of industrialization and technalmg sophistication.

3.2 IPRs in Developing Countries

Economists have long observed that the relatipniséiween IPR protection and
development is less than obvious. Countries h#tered widely in the strength of
protection provided to intellectual property, bathithe laws and in practice. This has
lent itself to a plethora of studies exploring link between IPRs and various economic
variables (growth, FDI inflows, technology licengjretc.).

Two questions have received a lot of attentiorh@nliterature. The first asks

whether stronger IPRs promote more research inwggtand, consequently, higher

7 Lerner’s (1995) empirical analysis of patentirdpavior in the biotechnology industry provides ofe
the most compelling pieces of evidence in supplottiie argument. Lerner finds that firms that ectpe
incur high litigation costs (mostly smaller firmee less likely to seek patents in fields wheralswith

lower litigation costs (mostly larger, more estsited firms) already own significant claims.

8 The leading papers are by O’'Donoghue (1998) dbdaghueet al (1998).



growth. The second looks at whether the strenftRRs in a country is a significant
determinant of foreign technology transfer. Maogr@mists have attempted to explore
these two issues empirically, and a thorough rewtthese studies is not feasible. The
major strands can be highlighted, however. Inoasisectional study of 99 nations,
Maskus and Penubarti (1995) find the relationslewveen IPR protection and level of
development to be non-linear. This suggests thenp protection tends to decline in
strength as economies move from the poorest tmttidle-income stage in which they
have greater abilities to imitate new technologidssomewhat related conclusion is
reached by Ginarte and Park (1997). In this stisering 110 countries for the period
1960-90, it is proposed that either the level afrexnic development or factors
correlated with it, such as the level of R&D adffyimarket environment, and
international integration, explain the strengthpatent protection provided by countries.
In other words, economic development eventuallgdda strong IPRs and not the other
way around. Another leading study by Gould andb®n (1996) finds a significant
positive effect of the strength of patent protettjas measured by the so-called Rapp and
Rozek index of 1990) on growth for 79 countriesevbrtheless, they propose that if the
national R&D infrastructure is weak to start wistrengthened patent protection is
unlikely by itself to lead to any general increaséhe level of research investment.

More recently, Kanwar and Evenson (2003) proviasrsegly unqualified support for a
positive relationship between the two. In thisgraR&D expenditure is regressed on the
strength of patent protection (measured by the RadkGinarte index) and other country-
specific characteristics. The multi-country, 1@4ydataset demonstrates that strong
patent rights promote innovativeness. Unforturyateb attempt to account for
endogeneity is made in this study.

Theoretically, recent analyses of the effects @igjer patents on growth have
also been mixed, with conclusions largely dependimgnodel assumptions. In some
North-South partial equilibrium models (Helpman939Glass and Saggi, 1995),
technology is mostly transferred through imitatignlagging countries. When stronger
IPR standards are adopted, imitation becomes hacdinat its rate declines. Eventually,
the reduced threat of profit loss enhances mamweepand may decrease the incentives

for innovative firms in the North to engage in R&Dhis could lead to a slower global



rate of innovation. In Helpman (1995), it is deraated that while the technology
exporting nations in the North may stand to berfegitn stronger protection of IPRs, the
long run effects on developing countries depentheir sizes and income levels. Small,
low-income countries will mostly sustain negativelfare effects. Such skepticism on
the value of patent protection is not shared bgwo#uthors. For example, Lai (1998)
finds that product innovation and technology diftusare expanded under stronger rights
if foreign direct investment (FDI) is the meansoilngh which technology is transferred.
Another study by Vishwasrao (1994) shows that ity of technologies transferred

by MNCs rises with stronger IPRs, and this prometamomic growth.

On the issue of IPRs and FDI, theory does not plesi clear-cut answer to how
strengthening the former impacts the latter. Oaloand, good IPRs decrease the
probability of imitation, which improves a countsychances of attracting foreign
investors. On the other hand, stronger laws mdy thi@ preference of multinational
corporations from FDI towards licensing. The aptted effects of the TRIPs agreement
in this regard are therefore ambiguous (Yang andkMs, 1999). Generally, economists
recognize that static costs are likely to be sigaift whenever thearket power effects
of tighter IPRs outweigh themarket expansion effect®\nother complication arises
from the diverse nature of FDI. As surveys of nmaitionals have shown, the importance
of IPR protection varies across industries ancedfit corporate activities (Mansfield,
1994). For example, investment and technologystearare relatively insensitive to IPRs
in industries with standardized, labor-intensivehtelogies and products. FDI
representing complex but easily copied technologiesh as chemicals, electronics, and
software programs, is plausibly more attuned taathibty of the local legal systems to
deter imitation. Therefore, such investment islifko increase when IPRs are
strengthened. As Mansfield (1994) also demonstrétesconcern with IPRs across all
industries is reportedly highest in the case of Ri&Ellities and lowest for sales and
distribution activities. Finally, and apart fromopecting their intellectual assets, stronger
IPRs may improve a country’s chances of attradiibg simply because interested firms

see in them a commitment by the local governmentdwe toward greater transparency
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and professionalism in their public managementtfr@s. This increases the challenge
of disentangling the various determinants of BDI.

On the empirical level, most of the studies perfedron the IPR-FDI link have
also been inconclusive. A thorough review of theature is included in Maskus
(2000). Here, a few of the more relevant papesammarized. Ferrantino (1993) finds
no statistically significant relationship betweée extent of U.S. affiliate sales in a
foreign country and that country’s membership inrdarnational patent or copyright
convention. Similarly, Maskus and Konan (1994)wadl as Primo Braga and Fink
(2000), do not obtain statistically significantués.

In support of the hypothesis of a strong positelationship, there is Mansfield
(1994) and Lee and Mansfield (1996), where evidenbased on (subjective) surveys of
American MNC executives who are asked to rate thegstment behavior in countries
according to their IPR laws. In these two papstreng IPR protection is found to exert
a positive influence on FDI inflows. Supportivadance is also obtained in Maskus
(1998) who checks for the sensitivity of U.S. invesnt to the strength of IPRs in 46
countries over a four-year period and finds it gigant. Finally, Smarzynska (2000)
observes that a weak protection of intellectuapprty rights has a significant impact on
the composition of FDI inflows into Eastern Europkhis research is done on 22
countries from that region and concludes that itoresn sectors relying heavily on
intellectual property are deterred by a weak IPg e in a potential host country.

A different tack would be to investigate the radaghip between IPRs and the
R&D activities of MNCs. Since IPRs are most pemint® the type of intellectual assets
produced in research laboratories, one would expettinationals to be particularly
concerned with the strength of patent laws whentheyr decide to perform some of their
R&D activities overseas. However, Kumar (2002)atodes that this does not seem to
be the case. In this paper he provides surveyeaeethat MNCs in India have actually

been establishing R&D centers, entering into R&IDtj@entures, and contracting

9 This sort of confusion is not confined to reskars only, but may also be present in the mingsoby-
makers as well. According to Maskus (2000), thpremsion that many governments have formed about
the importance of stronger IPRs for potential inwesis probably exaggerated, and this may heljpaéxp
why some of them have rushed to strengthen th&ild##s despite serious doubts about the wisdonoto d
so or the applicability of the proposed laws toplaeticular conditions in their countries.
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research to third parties in the chemical and phaeutical fields despite the Indian
patent regime not recognizing product patents éselsectors. Therefore, the abundance
of trained, low-cost human resources and the sifadagoing R&D aptitude in the local
economy appear to be more important considerat@rscation of R&D than the
strength of the IPR regime. These hypotheses aifeeden another recent study (Kumar
2001) that explains R&D intensity of US and JaparddIE affiliates in 74 countries.
This work finds that the strength of patent pratecbffered by the country is a
statistically insignificant determinant of R&D imtgity. Rather, the bulk of the variation
in the dependent variable is explained by the aldity and relative cost of technical
manpower and the overall technological capabilitthe host country. Findings like
these help us understand why countries like Chirtha, and Brazil with weak protection
have attracted so much foreign investment in regeats. As Maskus (2000) remarks, if
weak IPR laws cast a clear-cut negative impact@h these inflows would have gone
instead to sub-Saharan Africa (where the laws acharacteristically strong, thanks to
remnants of the colonial era).

In concluding this section the following two comneefadapted from Maskus,
2000) are in order. The first relates to the &odited future role of IPRs with regard to
incoming FDI. If varying levels of patent protextiacross countries do in fact serve as a
locational determinant of FDI, the current trendvdod harmonization could, on the long
run, dilute any advantages that specific counti@s possess. As more countries make
the required adjustments (in theory and practi€®}s cease to be a factor in choosing
subsidiary sites.

The second comment relates to policy implicatiédkile it is certainly in
countries’ best interest to attract foreign investitrand technology, policies to promote
such activities must be accompanied by progransiild local skills, improve socio-
political conditions, and develop appropriate regpiy regimes. In other words,
intellectual property rights work in conjunctionttvia whole gamut of enabling
conditions that are meant to ensure a level-plafieid for local firms. Depending on a
country’s stage of development, these other camttmay be more important than the
patent system. This is not to say that inventigenge marginal in the process of

development. On the contrary, it is crucial. Keg is to distinguish between innovation
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and intellectual property, and to constantly beanind that any mapping between the
two is an imperfect abstraction. It has long besmognized (see, for instance, Griliches
[1990]) that many (perhaps most) important innaraiare not patented. With that in
mind, it is possible to place patents and patempeavithin the context of inventiveness

in developing countries. This is what we attenopdd briefly in the next section.

3.3 Knowledge Acquisition and the Possible Role &fatent Scope

How do countries “develop™? In many ways, the qé@sdevelopmentis a
struggle to gain problem-solving capabilities. Gwies advance over time partly
because they undertake deliberate efforts towamdsf creative solutions to problems.
In the present day context, developing countripserly endowed with trained
personnel-- rely on imported technologies. Butak&ent to which a country can find
“external” solutions, and the quality and fit oé#e solutions, is influenced by the
country’s own problem-solving abilitieA related argument is that while laggards have
the potential to grow faster than leaders becdusgdan exploit their knowledge, that
potential is conditional on these countries’ abseepcapacities (see Cohen & Levinthal,
1989, and Criscuolo & Narula, 2002).

Unfortunately, this concept is frequently underestied in the development
jargon. Change and modernization are mainly seéaxernal shocks”. This leads to
simplistic advice encouraging developing counttee@assively) acquire foreign
technology, with little thought to how they shollest harness it. Often, “technology
transfer” is understood as purchasing devices eadimg manuals. Freeman (1992), for
instance, laments that the developed world hasrbe@huge technological supermarket
where any country with the required financial reses can find a ready solution to
almost any problem.From the proactive problem-solving perspectiveodticed above,
however, such passive technology transfer doekeadtto genuine development.
Instead, developing countries must “create” knogédThis does not have to be a
cataclysmic feat. More often than not, it is a bhisrprocess based on incremental
innovations that only gradually improve the underdytechnological base.

Using the above framework, one may ask whetheatioit is the “second rate”

activity it is often purported to be. AccordingN@lson and Winter (1982):
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“An imitator working with an extremely sparse sétlues about details of the imitatee’s
performance might as well adopt the more prestigidle of ‘innovator’, since most of the

problem is really being solved independently.” (124

In a recent book on the undervalued importancenghtion in modern industrial
history, Schnaars (1994) reminds us that the blutksearch and development (R&D)
done all over the world is really imitat#fe Furthermore, imitation is not
monochromatic, but assumes various shapes and:foausterfeits or product pirates,
clones, design copies, creative adaptations, antuhtdogical leapfrogging. Only the first
two of those are pure imitations of the type banmgdodern intellectual property laws.
The others are sometimes referred to as creatiation. When policy makers and
economists talk about “imitation”, it is not alwagiear what they mean. Often, the
activity is perfectly legal (i.e. does not viola®y patents). At times, it infringes an idea
or a component embedded within a product or prosessan hardly be branded as
piracy. Generally, it seems safe to suggest thatreovation becomes cumulative in
nature, the lines between it and some forms ofitioih are blurred. To the extent that
R&D is, in fact, overwhelmingly D, many activiti#éisat fall under the rubric of
“development” may unjustly receive the “imitatiol@bel when performed by a rival
despite considerable inventive effort on the phthe latter.

This description may well characterize much of wg@s on in the developing
world. Unfortunately, such arguments have recelitde more than the scantiest
attention in the current global technology enviremtn The debate over process versus
product patents in pharmaceuticals is a case mt.pdVith the passage of the TRIPs
agreement, many countries that had allowed onlydireer must now observe the new
standards which prohibit the reproduction of a pete product viany process (no
matter how innovative). Not only that, but becapsmess manipulations can no longer
be used as the basis for new patent filings, mawgritions that were previously

patentable (under national law) now constitutayalepiracy, subject to prosecutioh.

10 For a leading study on the rate of imitatiore akso Mansfielel al (1981), who find, for instance, that
up to 60 percent of patented inventions are indtateothers within 4 years.

11 Despite their present non-compliance with TRtRasse process innovations have led to the disgafer
cheap generic AIDS medicines without which milliafgatients in poor countries could not receive
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Another example of how developing country firms rfi@mnper” with patentable
products is when they adapt them to local conditiol is often the case that something
crucial for the proper operation of a product issmg. This may be a component
required for making the product work right undertam circumstances, or it may be an
ingredient needed to adapt it to local tasteshigcontext, it is essentially correct to
gualify people able to solve these types of proklasiinnovators, even if what they
really do is a mixture between imitating and inwegt Some times, moreover, these
inventive activities (whether to adapt a producsabstitute a component by a more cost-
effective one) give rise to new devices with a éfgheir own (Forbes and Wield, 2000)

It is in this connection that the issue of pateudipe gains special relevance for
developing countries. The Forbes and Wield paged (iterature surveyed below)
provides abundant examples of creative incremémtalvations by firms all over the
developing world. Under a more stringent pategime, a good chunk of these might be
considered infringing. Also, because many of tmemging high-tech industries are
characterized by cumulative innovation, new engr&rm developing countries will find
it almost impossible to penetrate the thicket déparights that already exist in these
fields in order to begin making their own contrilouts. This is most pronounced in
fields like software programming, semiconductors] genetic engineering, where there
is significant path-dependence.

A common assumption among economists and policyensadppears to be that
developing countries are mainly engaged in trad#iondustries. In fact, most of the
advice on export-led growth focuses on these dedtahature industries. This paper
argues that whether developing nations get intb-tegh fields or not, the type of R&D
they will be conducting is mostly of tldevelopmentariety, such as the diversification
of product designs, or the adaptation of technolagports to suit local needs and

preference$? As such, firms from developing countries may sedcia penetrating the

treatment. Another example of how important predesovations could be was brought into focus
recently when Canada had to override Bayer's pater@ipro —an antibiotic for the Anthrax virus- amske
versions produced via other processes. Arounddhe time, an Indian generic drug maker offered to
supply the U.S. with 20 million tablets a monthitsfanthrax antibiotic, demonstrating once agaat tbng
product patents are not necessarily welfare enhgr{fleuters, October 2001).

12 According to Forbes and Wield (2000) develogingntries should not engage in the same type of R&D
done in leading regions, as this will only wasteittiscarce resources. Instead of focusing thedesb

efforts on “research and development”, they wouwdbtter off if they apply them to “development and
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newer technology fields provided they are givenrtbeessary latitude to experiment
with, and improve upon, existing products and psses. An example would help
illustrate this point. One R&D area that has bga&iming momentum in the
pharmaceutical industry in recent years is drugvdel. The invention of an alternative
drug delivery mechanism represents a design matiiic to the underlying medicinal
invention. Lately, a number of entrepreneuriahirfrom developing countries have
broken with their traditional roles of producingngeics by inventing creative drug-
release and administration methods. In a few dasedving Indian manufacturers, this
has resulted in sizeable international prdfitsret, wide patent scopes may prove to be a
large impediment for future progress along thasesli--if not for countries like India and
Brazil who have already made some headway in iglid, then definitely for most other
developing countries that have yet to set foohangdector. If the TRIPs agreement
compels developing nations (whether directly oirextly) to reform patent scope
practices in a manner that significantly expandsitierpretation of coverage and width
of granted rights (mostly foreign held), this mé&ynsie a sizeable proportion of their
attempts at independent innovation.

What has been the formal status of patent scogevaloping nations? A recent
paper by Sakakibara and Branstetter (1999) shede 8ght on the possible impact of
alternative practices. Even though the paperfithedls with the case of Japan, it is
probably one of the very few empirical studies tlaakle this subject for a country other
than the US. Through its exploration of whether 1988 patent reforms have affected
the level of R&D performed by domestic firms, argtanfolds about the whole process
of technological development in Japan. Here welé&zat many of the technological
advances made by companies like Mitsubishi, SonWEC could not have been
possible under a much broader patent system -astie one instituted in 1988, mainly
at the behest of American firms who wanted to hamz®the Japanese system with that
of other countries. Prior to the reforms, Japaffieses could filesingle-claimpatents
that were also much narrower in scope than simaéents awarded in other advanced

countries. This meant that many more Japanesatpdtad to be filed to cover the same

design”. In other words, the research activitiekhose countries should aim to closely follow the
technology frontier rather than push it forward.
13 See, among others, rediff.com (July 14, 2008)Rimarmabiz.com (August 23, 2003).
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technology. It also meant that more Japanese foxewere motivated to do R&D
unperturbed by the threat that all the awards maghtue to just one inventor.
Furthermore, as pointed out in Maskus and McDgai@99), by providing protection for
industrial designs and utility models the Japampegent system rewarded firms for their
efforts in introducing small modifications to aldseexisting technologie¥. The authors
suggest that these features have obviously faeditthe transfer and absorption of
technology by allowing reverse engineering, and tiia must have contributed to the
striking growth of TFP in Japan during the threeatkes under observation.

More generally, the consensus among authors whk wdhis area has been that
the striking technological success in East Asiaaot to the ability of these countries
to creatively imitate, replicate, or assimilatedign inventions (Schnaars, 1994; Kim,
1997; Kim, 2000; Hobday, 1995). In Korea, for arste, Lee (2000) observes that
during the imitation stage, the government triechtoimize IPR protection to help
domestic firms use foreign intellectual properfyoward that end, laws and regulations
were formulated in such a way as to meet minimakivational standards (which were
much more lenient at the time). Korea also folldvaa IPR regime that was heavily
dependent on utility models (see footnote 14) andistrial designs. This is evident from
the fact that over 90% per cent of all awards gram Korea over the past several
decades have gone to Korean nationals (see WIRiGtis&), which stands in stark
contrast to most developing countries where thk btiintellectual property registered
with national offices is typically foreign ownéd.In Brazil, the World Bank reports
evidence of utility models helping producers gasigmificant share of the farm
machinery market by encouraging adaptation of gpréechnologies to local conditions.
In the Philippines, a similar trend occurred wile tlomestic market for rice threshers
thanks to utility models (World Bank, 2001).

14 In fact, utility models (sometimes also callestty patents) have been popular in most NICs. s
of patents generally protects changes in toolsaxhimery that improve their functionality. Utilipatent
applications need not prove much inventivenessy &ine thus concerned with the sort of minor
innovations that prevail in developing countriesj anay provide incentives for creativity in smaida
medium enterprises. Again, the TRIPs agreemesiteist on the matter of utility modes.

15 For a detailed description of aspects of theviaese patent system that are relevant to thisisBgm
see Wade (1990).
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From the previous discussion, it appears that #hence of anecdotal evidence
allows some preliminary conclusions about the ofl&soft” patent laws, even though
most of the mainstream literature is not expliciacknowledging such a role. One could
safely state that the IPR regimes adopted by J&aea, Taiwan, and others in the early
period of reverse engineering, including narroveiptetations of patents, has served an
important function in facilitating technology difion and learning.

3.4  This Paper’s Contribution

There seem to be two gaps in the literature on IRRsveloping countries.
While it may be intuitive to say that stronger IP&s not sufficient for firms to invest in
a country --and ample anecdotal is available tpertghis—the empirical analysis has
apparently failed to lend credence to this conolusiAs said, the evidence has been
quite thin and hardly supportive of any general@at/Vhy do some empirical studies
show such a strong positive impact of IPRs on kije others do not?

One reason may be found in the methodologies eragloyAn obvious problem is
variable choice. The standard approach is to ssggeme performance variable (growth,
R&D investment, or FDI) over several independemialdes, including a measure of the
strength of IPRs. The measure of choice has beeGinarte and Park (1997) index,
which captures cross-country variations in patawslalong five dimensions: extent of
coverag®, membership in international patent agreementsjigions for loss of
protection, enforcement mechanisms, and duratigmaiéction. The index ranges from
zero to five with higher values of the index indiog stronger patent protection. The
main disadvantage of this index is the fact thahly tells us about the laws present in
the books; it does not capture the underlying 8itnan terms of actual patent-violating
activities. That is why a country may have a reddy high IPR index (or one that has
improved as a result of TRIPs-induced legislatietom) but still harbor a considerable
degree of patent infringement, or concealed pabtémhgement.

The second gap in the literature is related tartagter of causalityDeveloped

countries might naturally have stronger IPR regithes the poorer ones. In other words,

16 Note that in this context, “extent of coveragesans whether both process and product patents are
recognized and the fields in which patents arenadth It does not relate to patent scope as ustsin
study.
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the level of development is likely to be a detemninof the strength of IPR laws rather
than the other way arourtdl.Similarly, countries are likely to have strongeRs
becausehey engage in more international trade, not vemsa. Models that use IPR
indices as independent variables are thereforeepimaimultaneity bias (especially
where data for developed and developing countregaoled together). Interestingly,
the original Ginarte and Park study was actuallseldeon the reverse causality: it ran
regressions with the proposed index of protect®tha dependent variable in an attempt
to explore formally the determinants of countriesmmitment to protect intellectual
property. It found some support of the hypoth#dsas the more developed a country is
the greater its propensity to provide patent ptatac This seems to be a more logical
conclusion than that reached by some of the netudres which have employed that
index.

Another shortcoming of the literature is the naaklof empirical studies on
patent scope in developing countries, even thohighig likely to be one of the most
challenging issues confronting them. The only pkoa may be the afore-cited research
by Sakakibara and Branstetter (1999), which rekthat the impact of reforms that
drastically broadened allowable patent width inalaywas modest in terms of additional
investment resources and innovative output (as anedsy patent counts covering 307
firms)'®. The paper's authors suggested that the scope afvard, while theoretically
influential, works in conjunction with other impartt determinants of innovation (such
as firm size, financial structure, state of relatdevelopment, etc.).

The present paper will make another contributiothi® line of inquiry by
attempting to evaluate the impact of patent scopetiges on one development indicator,
namely FDI. The paper proposes an alternative odellbgical approach based on using

a different measure of patent protection. Instatie standard indices that capture the

17 According to the World Bank, countries havedrisially adopted stronger IPRs only when domestic
conditions became tipped in their favor. Invanalhis has happened at higher stages of develapmen
when domestic firms have reached a level of sophisbn that they can produce distinctive goods and
generate new technologies (World Bank, 2001).

18 It is worth mentioning that other research ocangfing patent strength advancedcountries has also
found little evidence of the hypothesis that enlvagpatent protection spurs innovation. The policy
changes addressed in those papers include thdigstadnt of a specialized court (the Court of Adpea
for the Federal Circuit) in the United States anttesting it with the sole responsibility of inviggtting
patent cases (Kortum and Lerner [1998], Hall aretidiis [2001]), and the strengthening of patent
protection for pharmaceuticals in Italy in 1979t8er and Weisburst [1995]).
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“legal” situation (i.e. whether systems are laxswict), the paper suggests a more
concrete measure that captures the extent of feedamitation that actually occurs in a
country. The paper then tests the impact of tarsable on FDI in industries that are
known to be patent-sensitive. The next sectiosgnts a detailed description of the

model and the methodology.

4. Research Methodology and Variable Definitions
41  Propensity to Infringe

The available literature does not offer much guadaon how to quantify
imitation. Gadbaw and Richards (1998) provide spirecy estimates, but, other than
that, there seems to be a total dearth of econqgpaigsrs that explore this matter
systematically’® This is not surprising in view of the difficultyf oollecting any real data
on this phenomenon.

The variable proposed in this study is a proxypfatent-infringing activity. (We
could also call it creative imitation, but the patafringement label is more suitable for
conveying what the variable really measures.) Was first introduced by Connolly
(1999, 2001), but the present paper refines it botiteptually and computationalfy. It
is defined as the gap in the number of applicationslomestic patents filed by home
residents and the number of US patent filings leysdime countrygs a share of domestic
patent applications, minus the corresponding (prtipoal) patent gap for Switzerland
(this will be clarified later). According to inteational patenting rules, an application for
a foreign patent must be submitted within one yéariginal filing in the country of the
inventor. Furthermore, no patent application carfiled in a foreign territory if one has
not already been filed in the home country. (Tathar of this paper checked the web
sites of the national patent offices of the cowstincluded in the study to confirm that

they all abided by the above regulation.) If weptdhe simplifying assumption that the

19 Thelnternational Intellectual Property Alliance (IIPAlso produces periodic statistics on software and
other forms of piracy around the world, with a fe@n resultant losses to U.S. firms. For detils,

reader is referred to their site at www.iipa.com.

20 The Connolly papers can be downloaded from tile site of Duke University Economics Department
(Working papers no. 97-34 & 97-25). To the begh&f author's knowledge, no one has thus far usisd t
(or a similar) variable to analyze how a countngal imitation track record reflects on its attraehess to
foreign investors.
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two patent applications are filed simultaneousig, gap between domestic and US
applications would basically represent all the ptai¢hat were filed by local residents
with their national offices but not in the US. Bpplying for a national patent, an
inventor obviously believes there is a good chammeemay be granted in the home
country. If an application is also filed in the iBen that inventor must have a high
level of confidence in the validity and noveltytbgir invention. If no application is filed
in the US, there may be several reasons for thiag first is that the invention may
simply not be relevant there, either because thentor does not wish to commercialize
it in that market or because it is strictly domesti nature. It could be argued that many
inventions that fall under this category are plalyscovered by other IPRs, such as
copyrights, designs, or utility models. As saidhe previous section, design and utility
models are very common. Recall again that utitiydels are a type of intellectual
property rights, granted in some but not all caesirthat are designed to protect minor
changes in existing machines (probably coveredxistieg patents) that improve their
functionality, external appearance, or use. Ofsdmaple countries included in this study,
roughly three quarters award utility patents (awtording to statistical data published
by their national patent offices, a majority of destic inventors do in fact seek them
instead of straight patents). This may detraanftbe validity of this reason for the
absence of a US patent application. It could, hanestill account for part of the
“application gap”. At any rate, this is not a pautarly interesting factor for us (and a
way to purge the proxy of its influence will be gegted below). Another reason for not
filing in the US has to do with the stricter noyelequirements there; US patent
inspectors tend to be more meticulous. A thirdomawould be that a US (or other
international) patent already exists for part boathe invention for which protection is
sought. These are the two factors that we hopapture by this proxy, namely
situations where a local firm has “invented” a prodor process by introducing some
incremental modification(s) to an existing techmgylobut where the degree of novelty is
not expected to pass US standards and/or the n@ntion is patent-infringing. If the
inventor believes the national patent laws are melexed than US laws, then that

inventor seeks a national award but refrains fresksig a US one under this premise.
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Going back to the sort of inventions that may bel@vant to the US, one way of
backing them out of the proxy would be to subtfemm it the corresponding
proportional gap for Switzerland. Why? Upon compgtihe patenting gap for several
European countries (France, Germany, Sweden, Ukddands, and Switzerland), the
last was found to have the smallest: 62.10%n other words, 62% of all patents filed in
Switzerland are not also filed in the US. (Theeotfive countries ranged in values from
65% to 72%, while the average for our sample ohtiees was around 88%.) If we
assume that all the “strictly Swiss” patents ararabterized by the perception that they
are irrelevant in the US market (and not by theg@ation that they may not pass the
novelty/non-infringement tests), and we furthemass that this proportion of irrelevancy
is more or less common across all countries, themgmaining portion represents patents
that are potentially infringing or that otherwisésmthe novelty benchmafk. This, of
course, is a very crude procedure, and the useeotommon “floor” is a source of error.
Furthermore, it does not change the ranking otthentries in terms of their patenting
gaps. It may, however, help improve the definitibrthe proxy (provided the
assumptions made in constructing it are not unresse).

Another improvement to the original Connolly useto$ proxy is scaling. In the
Connolly papers, the patent gap is defined as mat@pplications minus US
applications. No factor of proportionality is usatid the measure is labeled the
“imitation proxy” (see Connolly, 1999, 2001). Qaalculations reveal that according to
this definition all the major European countriesuwdocome out as more serious imitators
(by far) than any of the developing countries. sTisiespecially egregious in view of the
fact that she then uses the proxy to run growthessyons over pooled samples including
both developed and developing countries. In thegrepaper, the gap is recomputed in

proportion to the volume of domestic applicatiombjch drastically improves its

21 Two years, 1994 and 1995, were used to obtasetbstimates.

22 There remains the issue of whether developingtcy firms are as likely as Swiss (or other depelb
country) firms to seek US patents in the first platinderstandably those firms are less sophisticdian
their Northern counterparts to do so, and/or thay mot have the financial means to cover the afstsS
patents. In this paper, however, we shall maketadr assumption that if a developing country firas
already patented a discovery at home, and if kisogtery is relevant in the US market (and botteda
are already factored in the numbers as calculatieet), that firm has a modicum of sophistication and
financial capability. We shall then assume thahigmmajority of these cases, a US patent willdaght
unless the discovery does not satisfy the noveljyirement or is not truly innovative. This way of
constructing the index makes it all the more imaatrto back out the “irrelevant” patents as defined
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significance. Now all the major industrialized otnies have much lower patenting gaps
than most developing countries, including all tbarttries in our sample. This makes
sense as one would expect a higher percentaggeitors in developed countries to
trust the value of their inventions (enough to sé&kpatents).

Finally, this paper follows Connolly in using patepplications rather than patent
awards to compute the patent infringement proxithdugh the later might better
capture differences in novelty requirements accossitries, it has two disadvantages.
The first is already pointed out in Connolly, ahdttis that the amount of time taken by
patent offices to process applications varies accosintries, and so computing an annual
gap would not be feasible. The second disadvansatpat, for the purpose of our paper,
theintentionto seek a patent, and therceptionof what is patentable, are more
important than the actual awards themselves. iSHacause our proxy is concerned
with activity that is potentially patent violatingp what matters is the extent of that
activity and whether it has any impact on foreigneistment in the country.

At this point, it is useful to emphasize again tiet proposed proxy does not
reflect all imitative activity. In particular, irobably does not reflect knock-out
imitations, product copies, or counterfeits as éhiéegrant violations are unlikely to
appear in patent applications anyway. (Note thattfe most part, the period under
observation is one where IPR awareness was generathe rise.) Furthermore, since
the data used are just for patents, the proxy doeeeflect negligible improvements to
existing products, as those are covered undermesigd utility models. Rather, the
patenting gap, as defined, mostly captures incrésmheémovations and creative
imitations that exceed a minimum threshold.

The proxy -hereafter called the propensity for patefringement (PPI)- is
calculated for several emerging countries from Asid Latin America for the period
1992-2001. This is shown in table 1 below.

23



Table 1- Propensity for Patent Infringement (Avera

ges)

Country

Domestic
Patent Applications

US Patent

Applications

PPI

Argentina
Brazil
Chile
China
Columbia
Indonesia
Korea
Malaysia
Mexico
Peru
Philippines
Thailand
Venezuela

792

2985

206

16432

81
103

62922

211
465
44
154
381
194

98
168
18
256
17
7

4656

62
136

20
39
41

0.256
0.316
0.293
0.365
0.156
0.278
0.303
0.100
0.091
0.253
0.243
0.271
0.153

The time span under observation witnessed sonteedbstest rates of
technological transformation for the countries @aned, yet many of them continued to
sanction lax intellectual property practices desthie passage of TRIPs in 1994. To the
extent that the average allowable patent scopariewer in a country than in the US, we
should see a high number of locally, but not iraéionally, registered patent
applications. Likewise, countries with softer niby@equirements are likely to have
higher PPIs. Thus, a large proxy may indicate ttwwogs: a) that the country adopts a
narrower interpretation of the scope of existirgjrals, and/or b) that the novelty
requirements in that country are less stringenidwhlso means, generally, that the

patent office in the country is perceived to famarrow claims).

4.2  TheDataset

The study employs a sample of 13 developing coesmfrom Asia and Latin
America over the 1992-2001 period. The countriesevgelected based on their high US
FDI inflows. Data for this study are derived fraéhe US Department of Commerce
annual FDI statistics, the World Development Intbea published by the World Bank,
the World Intellectual Property Organization (WIR@ational patent offices, and the
UNESCO databases. The sections below describesholvvariable was constructed.

Technical details on sources and computationsnateded in a special annex. Since
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most developing countries did not report consispatént data before 1990, a longer time

span is not feasibfé.

4.3  Defining the Dependent Variable

It is very likely that foreign investment is relaly insensitive to IPRs in
standardized, labor-intensive industries, but gsetesitive to them in technology-
intensive fields. In empirical analyses involvithgse variables the need is acute for
sectoral breakdowns of investment flows. This paih@refore, distinguishes between
high- and low-tech FDI. A major data problem conts the researcher seeking to
perform this type of analysis: beyond the Unitealt&, very few countries publish more
than minimal information on inward and outward istreents and MNC operations. Due
to this data limitation, FDI in this study refecsEDI inflows originating from the US in
high technology sectors. The selected sectorshamicals, industrial machinery,
electronics (including computers), and scientifid &echnology services. The
classification follows that used by the Departn@Commerce in annual FDI statistical
reports. [The same sectors were investigated inr8mska (2000)]. Naturally,
restricting the data to US-based FDI is very lingtfrom a practical point of view. In
some cases (especially for the Asian countriekeérsample), the US contributes a
smaller share of total inflows than Japan. Thigasnoee may therefore underestimate the
relative amount of incoming FDI into these courdrierom a theoretical perspective,
however, the variable is well suited to this pagigen the greater concern with imitation
risks among US firms.

An important caveat about this data is in ordeimdst every country has some
missing observations for some years. Accordingpéaables published by the
Department of Commerce, these data points are feappd” to protect the proprietary
information of individual companies. Excluding sieecountries and years would render
any meaningful analysis practically impossibleotder to enhance the sample size,
mechanical extrapolations for each year were derfellows. First, the share of each

country in the aggregate regional volume of U.Sl iRbbows was computed. For

23 Data on US FDI for the years 1990-91 could moatcessed, which prevented the inclusion of these
two years in the study.
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chemicals, machinery, and electronics the aggregateifacturing FDI volume was used
as the denominator. For information technology atfeér scientific services, the
aggregate industrial FDI volume was used. Thiseshas then utilized to calculate the
best estimate for a missing value under each categdhe country-based and industry-
based sums (i.e. row and sub-column headings) therechecked to make sure they
continued to add up within an acceptable error maafier the estimates have been
plugged in?*

Finally, it should be pointed out that the FDI figa are not scaled (by dividing
them over total GDP or population, for examplelpite the fact that most empirical
studies investigating the determinants of FDI d¢&agh and Jun, 1995; Campos and
Kinoshita, 2003). For the purposes of this stuidyas felt that scaling creates an
unacceptable bias in favor of the smaller counties against some of the larger ones
(like China). The fact that only US FDI is inclubeorsens this bias.

44  Selection of Control Variables
The following is a description of the control \&sles employed to test the main
hypothesis of the study.

* Human Capital-The role of human capital has long been recaghia endogenous
growth theories. Itis suggested that the tectgioéd capabilities associated with human
capital (education and training) are the chanmeiugh which this variable impacts
growth (Romer, 1990; Lucas, 1988). Some authogs Benhabib and Spiegel, 1998)
have also argued that human capital facilitatesttoption of technology from abroad.
With regard to its significance as a possible deteant of FDI the literature has been
less conclusive but generally supportive of a pesitelationship (Dunning, 1988; Lucas,
1990; Zhang and Markusen, 1999).

Several measures have been used as proxies fontzapaal. This study
follows much of the extant literature in represegthuman capital by secondary school

enroliment rates (SECOND) in one variant of the elodAdditionally, two other specific

24 On average, this procedure was performed onceop@try per year. The missing data involveckast
one and at most three sectors.
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measures are used. This is based on the reafizaab for analyses involving high-tech
FDI, explicit accounting for the kinds of skillsqired in these industries is needed.
Secondary school enrollment rates probably do rmtige that. The first of those
alternative measures is the number of technicalsarahtific articles published by the
country’s residents each year (TECHPUB). The athéte more standard innovation
measure of US pategtantsawarded to the country’s residents (PATAW-US).aln
recent World Bank study (Chen & Dahlman, 2004)sé&vo indicators are used to
identify cross-country knowledge-based growth deteants and are found to be have
greater explanatory powers than the more classtatation indicators like enrollment

rates?®

* Market Potential- The existing literature finds the host countrgirket size to be an
important determinant of FDI inflows (see Dunnit§93; Caves, 1996; Braunerjelm and
Svensson, 1996). Most studies show that a largkanhsize encourages FDI inflows.
However, Root and Ahmed (1979), Singh and Jun (1888 UNCTAD (1998, 1999)
propose that while the size of the market is imgdrinitially -local market size should
reach a certain threshold for production to beifable- the continued expansion of FDI
requires that markegrowth prospects be favorable. This paper accommodtatés
concerns by including a measure of current maiket gross domestic product (GDP),
and a measure of potential size, growth of pertadpDP (GRPCGDP). Current per
capita GDP (PCGDP) is also used as a potentiatrdetant in some specifications. The
rationale for such a variable is that in the cddagh-tech FDI, selecting among several
potential locations for a projected subsidiaryikslly to be influenced by the average
customer’s income. High-tech products of the smhufactured by those corporations
tend to be more expensive than labor-intensive goda the extent that multinationals
are attracted to markets with relatively highetushce and sophistication, PCGDP may
be a significant factor. Another purpose of empigyboth GDP and per capita GDP in
different regressions may be to check whethersgdlas any substantial effects on the

study’s outcome.

25 A third variable that was considered in thisreestion R&D expenditure. The required values were
missing for three of our sample countries, however.
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* Market Facilities-- Good infrastructure is a necessary conditiarfdoeign investors to
operate successfully. This is probably true fotyges of FDI, but particularly so for
high-tech FDI. In this study, infrastructure i®yied by the number of fixed phone lines

per 1000 people in the largest citfés.

* Export Orientation-The role of trade openness in influencing FDlows is not
straight forward. A restrictive trade regime necourage MNCs to serve a local
market via FDI rather than exporting. This woullthe case for tariff-jumping FDI, for
instance. On the other hand, trade restrictiondrogede the operations of a subsidiary
because of perceived difficulties in importing itgauch as equipment and components.
Accordingly, trade liberalization can have indeterate effects. In general, however,
open economies do encourage confidence and pramgiseeturns, especially from the
perspective of efficiency-seeking FDI. An exampleuld be export-oriented industries,
where MNCs stand to reap economies of scale ankaguoder open trade regimes even
when the domestic market is small. Hein (1992) Ratlar (1992) have found that
outward-oriented developing economies (that relypew export markets) have been
relatively successful. Using appropriate Grangessality tests, Singh and Jun (1995)
determine that the direction of causality runs frexport orientation to FDI for most of
the countries they investigate.

Openness has been measured in various ways, ingltrdide shares, export
shares, and black market exchange premiums. Siecgaimple economies selected for
this study are all quite open (at least duringstuely period), the variable chosen is the
extent of export-orientation. If efficiency-seeffifDI is mostly interested in securing

export markets, then countries already successfihlat respect hold the greatest

26 Two other variables were considered for infragtre. The first is the number of phone and &allu
subscribers per 1000 people as published by thédvVBankWDI, but this measure was deemed to be too
biased towards countries where the most peopld liveirban areas. Countries with an overwhelmingly
rural population have much smaller values as algmeatentage of the rural population has access to
telephones or cell phones. From the perspectiem dfINC contemplating investment in a countrysit i
the quality of urban infrastructure that mostly teed. The second variable that was considerdteis t
percentage of computer and internet users (alslispeld inWDI). In addition to suffering from the same
type of bias as the previous variable, most datatpdor this indicator were actually missing.
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attraction for MNCs. Following common practicepext intensity (EXPINT) is
measured as the share of exports in GDP.

For high-tech FDI, the amount of exporting thabantry’s high-tech industries
perform is also plausibly important as an indicatbreputation and competence. The
World Bank’sWDI provide figures on the share of high-tech exportstal
manufactured exports (HTEXP). The paper usestke@sure as an indication of the
high-tech orientation of a country’s export indiegr However, since contemporaneous
correlation may exist between this regressor aaddhiduals (see below), lagged values
of HTEXP are used as well as instrumental varialstenation to improve the

consistency of the coefficient estimates.

Finally, it might be worth mentioning here that thethodology of estimating
empirical models featuring unscaled, full levelg=@fl inflows along with per capita
levels of the standard independent variables imeat The same approach has already
been pursued in various other studies, includirgi@iter (2003), Hansai al (2001),
and Brainard (1997).

45 The Econometric Model and Estimation | ssues

The proposed model estimates the following equation

FDIi = Bo+ BiPPli+ B2EXPINTi+ B3 HTEXR + B4«GRPCGNR + BsPCGNR
+ B6(TECHPUB or SECOND or PATAW-US) B7PHONES + pit,

where all the variables are as previously definglll figures are transformed into natural
logarithms (and GRPCGDP is calculated as a lo@idiffce). Since FDI inflows vary
widely from year to year --with disinvestments arge repatriation of profits in one year
followed by positive investment flows the next-edle large fluctuations may obscure the
effect of the various determinants. The analysihis paper uses two-year averages in
an attempt to smooth some of the erratic natutbede inflows. (As it turned out, doing
so also eliminated negative figures in the origotetiaset so natural logs could be taken.)

This implies that we have five data points for eagtintry, for a total of 65 observations.
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An important question that arises with panel dataration is whether the
individual country effects ought to be treatediasd or random. The former requires
estimating the individual effects as parametenssdme studies (Nickell, 1981; Nerlove,
1971) it has been shown that treating individutdat$ as constants leads to poor
estimates of the system parameters. Accordingetankdy (1997), the advantage of
random effects model follows from the fact that éfternative (fixed effects) entails a
substantial reduction in the degrees of freedoims Would be particularly serious in a
study, such as ours, where the number of individadk in the panel substantially
exceeds the number of time periods (in this santipéefactor is 13 to 5). In such a
situation, Kennedy suggests that we must make@&fticise of the information across the
individual units to estimate that part of the bebeal relationship the cross-sectional
variations (in our model, the variations acrossdammple countries). For these reasons,
pooled cross-sectional estimations will first befpened followed by random effects
model estimation&’ In this way, the error term in the above model lsa redefined as

Hit = & + Nit
whereei represents the cross-section error component (Aeeaks time) angi denotes

the remaining (combined) disturbance. No timeeseerrors are assumed to exist.

5. Empirical Analysis
51  Summary Statistics

Table 1 presents sample averages for the thideentries as well as a correlation
matrix for the regressors. Countries like Chinardé, and Brazil have highest PPI levels
but they are also among the largest recipients®f0I in technology intensive sectors.
On the other hand, Mexico and Malaysia have alseived high volumes of US
investments during the period under consideratigrappear to have much lower patent
application gaps (and lower PPIs). For the mogt pauntries with a high export
orientation seem to also export a lot of technolimggnsive goods, which is not
surprising considering the substantial correlabetween EXPINT and HTEXP (0.78).

Besides that, four other pairs of explanatory \@esa exhibit relatively high positive

27 Fixed effects model estimations were also ruhple to their poor performance, these results are
presented as an appendix.
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correlations, and those are per capital incomeligatent awards (0.70), patent awards
and phones (0.63), per capita income and phon&38)(@&nd per capita income and
secondary education enrollment (0.56). The lastdre self-explanatory. The high
correlation between PCGDP and US patents can daiegg in a straightforward way,
which is that higher income levels lead to high&CRexpenditures, which in turn
generates greater patentable inventions. ThelHattbncomitant with that we also have
a relatively low correlation between per capiteome and technical publications may
cast some doubt on the validity of this relatiopshif a high per capita income leads to
more R&D and more US patents, why does it not klad to a greater volume of
technical publications? One explanation for thayre that private firms are simply
more interested in patenting their inventions timwriting about them. Finally, the
correlation between patent awards and phones fslt@turally from the correlation
between phones and per capita income. Beforeniour attention to estimation
findings, it is noteworthy that PPI is negativetrielated with both HTEXP and
EXPINT. This could mean that as countries becamtér inserted into the global
economy, the incentive to tighten up their IPR megg increases and, subsequently, the
propensity of their residents to seek low-qualéygmts decreases. This may find weak
support in the fact that PPI's correlation withange growth is higher than it is with
income. Countries in high growth mode seem tcelss attentive to patent quality than
quantity. (Recall that from a wide patent persipeca larger PPI is an indication of the

prevalence of lower-quality patents.)

5.2  Estimation Results

The univariate analysis discussed above suggesta thigher propensity to
infringe patents does not necessarily lead toR€ds Model estimation results support
this preliminary conjecture. Table 2.3 reportspleled and random effects model
estimations for two basic configurations. In ortteaddress endogeneity problems, a
standard approach is to identify an instrumentabiée. Such a variable ought to be
positively correlated with the potentially endoges@xplanatory variable but not
correlated with the dependent variable. The vémbhosen as instruments for HTEXP

are the intensity of manufactured imports (i.e. ufactures as a percentage of total
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imports) and credit to the private sector as assb&GDP. The rationale is that both are
correlated with high-tech export intensity but mdth FDI or the residual&®

Additionally, lagged values of HTEXP were used thglout®® In this study, we start
with a general model and then remove variablesbyrene. Beginning with columns (1)
and (2) in table 2.3, we see that none of the st@helxplanatory variables is significant
in the pooled 2SLS estimation, and the adjustedffhe equation is very low. The
random effects model, however, shows a signifiggmlsitive influence for
infrastructure (phones in large cities) and a sigamt (but wrongly signed) influence for
secondary school enrollment. The PPI variable camé@significant in both models.
The negative sign before the school enrolimentfmefit seems to be in contradiction
with theory. One plausible explanation for thathiat these types of indicators are
computed on a country-wide basis. This may undgierate the urban schooling
achievement in predominantly rural countries (saslBrazil, China, and Thailand in our
sample). To the extent that MNC subsidiaries areecplly located in large metropolitan
areas, the school enrollment rate does a poorfjobpiuring the effect of human capital
on FDI.

Columns (3) and (4) of table 2.3 report pooled erdiom effects estimates after
substituting technical publications for school dinnent and dropping the infrastructure
variable. The new human capital variable is highgnificant in both models, but all the
other variables (including PPI) are still insigoint, even though the adjustetii®better
than in the previous specification.

Similar exercises are presented in table 2.4 &ff&P is substituted for per capita
GDP. The results are very similar in terms ofritlative explanatory power of the
various determinants. The only time GDP comessmificant is in the first
specification (column 1) where neither technicablmations nor patent awards are
included as variables. Otherwise, TECHPUB comedsmhbe the most significant
determinant in all the other specifications.

Table 2.5 reports the random effects model estsrfatefour additional

specifications. In the first two, both HTEXP andMENT are dropped in order to isolate

28 Manufactured imports are inputs for high-tecbgglindustries, and credit to the private sector is
potentially influential in as far as these induetrnormally have high credit needs.
29 Data on the HTEXP variable used in this stuéytherefore for the years 1990 thru 1999.
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the effects of the remaining variables. Anothéprele for doing so is that in neither of
the previous two models did these variables exhimt significant influences, and so
dropping them would help purge the equations fremdtess multicollinearits’

Columns (1) and (2) are models that account fdirteal publications and US patents,
respectively. The explanatory power of the formseshown to be much higher than the
latter (with at value of 4.277 versus 1.546). Again, PPI is Btdignificant. The next
two models, therefore, drop PPI completely fromgpecifications and re-introduce
HTEXP and EXPINT in order to check for robustne$ie results [under columns (3)
and (4)] are very similar to the previous two magdelamely technical publications is still
highly significant but US patents is not. It wowddpear that FDI in technology intensive
sectors is less sensitive to the amount of paterltsby local residents than by their
degree of general scientific and technical sogtagtn. This is in agreement with the
consensus that patent counts underestimate inmewattivity (Grilliches, 1990). The
common strand across all the performed regressahge strong influence of the
technical publications variable, set against aroairtotal lack of influence for all the
other variables (with the exception of phones witiches out significant in one of the
specifications).

Finally, it was felt that a comparison with the lbof the extant literature in this
domain might be in order. As mentioned in thaditare review presented earlier in the
paper, most studies have normally utilized the @&and Park index of intellectual
property protection as the primary patent-relatetgwiinant of FDI. So, in table 2.6,
some of the previous specifications are repeatédutive PPl variable replaced by the
Ginarte and Park index of IPR protection (for 1990he results show little influence of
this index as a determinant of US FDI inflows itite selected sectors. This is an
interesting outcome, especially in view of the féett, again, the only variable of any
significance is technical publications. (The phownasable is also somewhat significant
in a couple of specification but assumes the wiigg.) These exercises improve the
robustness of the analysis and demonstrate once tmatrthis type of FDI is mostly

resource-seeking (particularly human capital resesjr

6. Conclusions

30 In those two specifications without the expaitiotation variables no instrumentation is employed
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This paper set out to achieve two objectives. filsewas to propose a new
methodology for quantifying creative imitation ieveloping countries. To provide a
partial measure of this type of imitation, a newiafale that captures the propensity for
patent infringement was defined. The second obpetas to test for the impact of this
propensity on FDI inflows in technology-intensivectors.

It should be pointed out that the model employed wexry modest in terms of
structure and performance. While the obtainedlt®stere not as strong as would have
been hoped (perhaps due to data limitations),igmficance of one explanatory variable
was particularly robust. This is the human capitalable proxied by technical and
scientific publications by home country residentéis result lends support to the
conclusion that high-tech FDI is mainly driven I tskills of the local workforce.

With regard to the variable of interest, namely,RR& results show no
significance at all in determining FDI inflows. &te same time, country patterns
revealed that some of the largest recipients oFDSIin high technology sectors practice
narrow patent policies (with a few number of claipes patent) and/or impose lenient
novelty requirements. This is mostly reflectedtiwy perception of domestic inventors
who apply for patents. One legitimate conclusiauld be that the type of narrow scope
policy that may lead to patent infringement hasdegrived the more dynamic
developing countries of technology-intensive FDhe case for narrow scope is
buttressed by this analysis. As a policy recomragad, developing countries that are
now starting to enter some of the more advancédsfighould insist on devising the

appropriate patent scope policies in accordande tivétir national priorities.
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Table 2—Descriptive Statistics

Country Averages

Country

Argentina
Brazil
Chile
China
Columbia
Indonesia
Korea
Malaysia
Mexico
Peru
Philippines
Thailand
Venezuela

u.s.
FDI

217
831
100
726
53
56
458
493
617

18

176

235
96

GDP

2.83E+11
7.40E+11
7.37E+10
8.70E+11
9.50E+10
2.07E+11
5.44E+11
9.96E+10
3.31E+11
5.69E+10
8.19E+10
1.68E+11
7.91E+10

PCGDP

8140
4499
4979
696
2352
1036
11749
4542
3512
2287

1128
2809
3437

EXPINT

10.08%
9.18%
29.34%
23.62%
16.91%
35.02%
37.67%
105.78%
29.11%
14.10%
45.91%
52.23%
26.89%

HTEXP

5.45%
6.82%
3.03%
8.64%
6.60%
7.66%

24.82%

46.99%
15.57%
2.65%
49.44%
27.05%
2.43%

Note: All figures are annual averages. FDI is in millions of US $.

Correlation Between Explanatory Variables

PPI
EXPINT
HTEXP
%PCGDP
PCGDP
TECHPUB
SECOND

PHONES
PATAW-
us

PPI
1.00
-0.35
-0.28
0.23
0.02
0.41
0.12
0.00

0.15

EXPINT

1.00
0.78
0.03
0.00
-0.19
-0.05
0.20

0.07

HTEXP

1.00
0.01
0.04
-0.09
0.18
0.13

0.16

%PCGDP PCGDP TECHPUB

1.00
-0.01
0.26
-0.08
-0.12

0.07

1.00
0.19
0.56
0.59

0.70

35

GrPCGDP

-0.03%
1.27%
3.95%
6.60%
0.19%
1.25%
4.23%
3.09%
0.72%
2.01%

1.56%
1.90%

-0.45%

1.00
0.26
0.41

0.41

TECHPUB

214 2
4458
830
9946
186
132
5543
392
2041
58
152
424
425

SECOND

1.00
0.42

0.44

SECOND PHONES
85.06% 251
78.91% 225
78.22% 257
65.34% 303
66 .41% 281
5 4.56% 200
98.75% 536
64.87% 276
67.88% 138
78.98% 161
77.63% 132
65.35% 349
51.20% 343
PATAW-
PHONES US
1.00
0.63 1.00



Table 3
Determinants of FDI
Pooled IV (2SLS) and Random Effects Model w/ GDP Per Capita
(Dependent Variable : High-Tech FDI Inflows)

Variable (1) 2 (3) 4)
Pooled
Pooled (2SLS)  RE (2SLS) (2SLS)  RE (2SLS)

Propensity for patent infringement 0.572 -1.346 -0.507 -0.592
(0.630) (-1.083) (-0.815) (-0.881)
Growth of per capita GDP 0.293 -0.240 -0.693 -0.708
(0.161) (-0.237) (-0.577) (-0.513)
Per capita GDP 0.006 0.023 -0.0007 -0.0002
(0.105) (0.609) (-0.047) (-0.014)
Secondary enrollment rate 0.500 -1.487***
(0.151) (-3.880)
Technical & Scientific Publications 0.008*** 0.008***
(3.659) (3.322)
High-tech export intensity -2.195 -3.203 1.043 0.537
(-0.252) (-1.022) (0.286) (0.137)
Export orientation 1.692 1.516 -0.260 -0.047
(0.337) (1.042) (-0.139) (-0.023)
Phones in largest cities -0.176 0.002***
(-0.118) (3.189)
Intercept -0.385 1.028** 0.204 0.229
(-0.19) (2.555) (1.168) (1.211)
Adjusted R® 0.07 0.18 0.36 0.41
Observations 65 65 65 65
Notes:

*x %k and * indicate 1 percent, 5 percent, and 10 percent significance level, respectively.
Figures in parenthesis are t values. Share of manufactures in imports (MIMPINT)
and credit for private sector as a share of GDP (CREPS) are used as instruments.
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Table 4

Determinants of FDI --Random Effects Model w/ GDP

(Dependent Variable : High-Tech FDI Inflows)

Variable (1) (2) ?3) (4)
RE (2SLS) RE (2SLS) RE(2SLS) RE (2SLS)
Propensity for patent infringement -0.179 -0.16 -0.092 -0.234
(-1.033) (-0.97) (-0.62) (-1.38)
GDP 0.94*** 0.29 -0.092 0.11
(4.54) (0.99) (-0.29) (0.34)
Secondary enrollment rate -0.593 -0.672 -0.781
(-0.77) (-1.08) (-1.38)
Technical & Scientific Publications 0.694*** 0.567**
(4.15) (2.16)
Patent Awards in US 0.078
(0.46)
High-tech export intensity 0.395 0.476
(1.51) (1.38)
Export orientation 0.079 0.507** 0.07
(0.19) (2.41) (0.21)
Phones in largest cities -0.076 -0.386
(-0.22) (-1.03)
Intercept -3.196 9.354 18.60*** 18.15%**
(-0.48) (2.23) (2.47) (2.08)
Adjusted R? 0.51 0.57 0.64 0.53
Observations 65 65 65 65
Notes:

** *x and * indicate 1 percent, 5 percent, and 10 percent significance level, respectively.
Figures in parenthesis are t values. Share of manufactures in imports (MIMPINT)
and credit for private sector as a share of GDP (CREPS) are used as instruments in all

regressions that use HTEXP as a variable.
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Table 5 - Additional Exercises

Random Effects M odel w/ GDP Per Capita
(Dependent Variabl e : High-Tech FDI Inflows)

Variable (1) 2 ©)) 4
RE RE RE RE
(2SLS) (2SLS) (2SLS) (2SLS)
Propensity for patent infringement -0.824 -0.071
(-1.492) (-0.112)
Index of Intellectual Property Protection
(Ginarte & Park)
Growth of per capita GDP -1.004 -0.063 -1.3894 0.1037
(-0.888) (-0.054) (-0.943) (0.087)
Per capita GDP 0.015 -0.003 0.0018 -0.0009
(0.680) (-0.685) (0.727) (-0.298)
Patent Awards in U.S. 0.002 0.00014
(1.546) (0.838)
Technical & Scientific Publications 0.094*** 0.0093***
(4.277) (2.963)
High-tech export intensity 0.749 -0.0319
(0.178) (-0.007)
Export orientation 0.0734 0.5765
(0.032) (0.262)
Phones in largest cities -0.007 0.004 -0.001 0.0077
(-1.288) (-0.744) (-1.048) (0.13)
Intercept 0.466** 0.273 0.185** 0.108
(2.449) (1.02) (1.836) (0.54)
Adjusted R® 0.25 0.01 0.43 0.13
Observations 65 65 65 65
Notes:

*x %% and * indicate 1 percent, 5 percent, and 10 percent significance level, respectively.

Figures in parenthesis are t values. Share of manufactures in imports (MIMP) and credit for

private sector as a share of GDP (CREPS) are used as instruments in all regressions.
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Table 6 - Additional Exercises

Model w/Park & Ginarte Index of Inte

llectual Property Rights

(Dependent Variable :  High-Tech FDI Inflows)
Variable 1) (2 (3) (4)
RE RE RE RE
(2SLS) (2SLS) (2SLS) (2SLS)
Index of Intellectual Property Protection -0.010 0.294 -0.45* 0.112
(Ginarte & Park) (-0.047) (1.25) (--1.87) (0.59)
GDP 0.34 -0.60 0.287
(1.12) (-1.47) (0.93)
Growth of per capita GDP -1.645
(-0.745)
Per capita GDP 0.004
(1.351)
Secondary Enrolliment Rate -1.008
(-1.33)
Technical & Scientific Publications 0.002***  0.524*** 0.930*** 0.568***
(3.871) (2.62) (4.02) (2.85)
High-tech export intensity -0.860 0.855***
(-0.298) (3.26)
Export orientation 1.355 0.551*** -0.306 0.665***
(0.891) (2.38) (-0.93) (3.06)
Phones in largest cities -0.002***  -0.590* -0.662**
(-2.617) (-1.88) (-2.13)
Intercept 0.158 11.65 28.16*** 8.960
(0.649) (1.56) (2.90) (1.23)
Adjusted R® 0.60 0.61 0.63 0.59
Observations 65 65 65 65
Notes:

*x %k and * indicate 1 percent, 5 percent, and 10 percent significance level, respectively.

Figures in parenthesis are t values. Share of manufactures in imports (MIMP)

and credit for private sector as a share of GDP (CREPS) are used as instruments in all

regressions that use HTEXP as variable.
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