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Abstract

This paper examines the relationship between private R&D and intellectual property rights
(IPRs). The relationship between these two variables is central to the debate on whether to
strengthen or reform intellectual property laws and regimes. Do IPRs enhance the returns to
R&D (and to what extent) or do they restrict knowledge diffusion (and to what extent)?
Empirical evidence on these questions is currently lacking. This paper develops an optimizing,
dynamic equilibrium model of R&D behavior, and estimates the model using OECD data on 21
countries and 18 manufacturing sectors over the period 1987-95. The model is estimated for the
whole sample as well as by individual sectors. Furthermore, different kinds of IPRs are
examined: patent rights, copyrights, trademark rights, software rights, parallel importation
rights, and enforcement effectiveness. The results indicate that IPRs are a diverse concept and
should not all be treated the same. Overall, the evidence favours the view that patent protection
and enforcement stimulate private R&D -- largely indirectly, however, by stimulating the stock
of private R&D spillovers. Copyrights, trademark rights, and parallel importation rights are
generally found to have negative effects on private R&D. Software rights have positive, but
secondary, influences on private R&D.

I am grateful for comments from Wes Cohen, Carsten Fink, Donald McFetridge, Jon Putnam,
and Beata Smarzynska on an earlier draft. I would also like to thank Irem Dogan for capable
research assistance. I remain responsible for all errors and/or omissions.



15

Park, Vijaya, and Wagh (1999)." The index of patent rights ranges from zero (weakest) to four
(strongest). The value of the index is obtained by aggregating the four sub-indexes: extent of
coverage, membership in international treaties, duration of protection, and absence of restrictions
on rights (such as compulsory licensing).

The numerical value of each sub-index ranges from zero to one and indicates the fraction of legal
features in that sub-index available in the particular country. For example, a value of s for
membership in international treaties indicates that a country is a signatory to one-third of the
international treaties listed under that sub-index. A value of %2 for duration implies that a country
grants protection for half the international standard time (of 20 years from the date of application or
17 years from the date of grant). The value for coverage indicates the fraction of invention classes
the country allows as patentable subject matter. Finally, several conditions exist under which
authorities can revoke or reduce patent rights. The value for the ‘restrictions’ category indicates the
fraction of those restrictions which are not exercised in the country.

(ii) Copyrights (COPY): This index varies also from 0 to 4. Each of its four categories is scored out
of one. The score is again the fraction of features that are available. The coverage category includes
those works that are among the primary victims of piracy, such as literary, dramatic, artistic, musical,
cinematographic works, and so forth. The duration of protection is based on an international
standard of 50 years. Note that countries may provide different lengths of protection for different
types of copyrightable works. The duration score for each of these types of works is the ratio of its
statutory duration to 50 years. If more than 50 years of protection is provided, the maximum score
of 1 is given. The country’s overall duration score is the average of the duration scores of the
different types of copyrightable works.

The category on ‘restrictions’ includes rights to resale (i.e. droit-de-suite) which permit the copyright
owner to share in a percentage of all subsequent sales of her work, thus enabling her to benefit from
any appreciation in the value of her works. It also covers extended collective licensing schemes.
Collective Licensing Societies are organizations of authors and performers. These societies are
somewhat common in Europe. Their extended licensing schemes are deemed to weaken copyrights
since they can at times interfere with the freedom of contract of an individual rights holder (see
Campbell and Cotter (1997)); moreover, the licensing schemes may typically permit more liberal
reproduction of works by photocopy or by broadcasting. For instance, organizations that obtain
authorization from a collecting society to photocopy some author’s work may in some cases be
entitled to photocopy that author’s published works in the same field not represented by the
collecting society. Also, authorization to record works in a broadcast may also include authorization
to record works of non-represented rights holders that happen to be in the same broadcast.

The copyright restrictions category also incorporates compulsory licensing. One kind of compulsory
licensing is for private use and another for government use. Private individuals may apply for a

" The authors obtained information on national patent laws from Baxter (2000) and
WIPO (2000).
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compulsory licence in some jurisdictions if (typically) a foreign work is not available locally after
it is published elsewhere for some specified period of time (e.g. six months or a year, etc.). Some
countries provide explicitly for compulsory licensing (e.g. in the U.S. for satellite broadcasting) and
mechanical licensing (e.g. for musical works, etc.). These are treated as for private use. Government
use (e.g. by a Ministry of Culture) is typically for educational purposes, for local technological
development, or for judicial and administrative uses (such as proof in legal proceedings).

Major international copyright treaties include the Berne Convention, Rome Treaty, Universal
Copyright Convention (UCC), and Phonogram Convention. The Berne convention is the oldest
international copyright treaty, providing for uniform global protection. The basic underlying
principles are national treatment, automatic protection, and independence of protection (independent
of whether protection exists in the country of origin of the work). The Rome Convention protects
“neighboring rights” (rights of performers). The UCC provides minimum legal obligations for each
contracting state, emphasizing rights and protections that ensure an author’s economic interest. The
Phonogram Convention focuses on strengthening rights of phonogram producers (given the increased
piracy of records and tapes, at the time of its signing). This Convention, unlike the Rome
Convention, does not provide substantive rights; as long as phonograms are protected, the mode of
protection is left to domestic law (see Leaffler (1997), p. 451).

(iii) Trademark (TMARK): The trademark index also varies from 0 to 4. It is the sum of scores
from four categories (again coverage, duration, restrictions, and membership in international
treaties). Each category is scored out of one (indicating the fraction of available provisions). The
coverage category lists three types of marks: service marks, certification marks, and collective
marks.'® Countries vary over whether these types of marks can be granted trademark protection.
Service marks are words, names, symbols, or devices that identify services. Certification marks are
words, names, symbols, or devices that certify the origin (e.g. region) of particular types of goods,
such as Champagne. These marks help identify the type of product. Collective marks identify trade
associations or membership in some cooperative or other organization. The association (or its
independent members) may be responsible for some product(s). The collective mark should tie the
product(s) to the reputation of the collective.

For the duration of trademark protection, the international norm is 10 years. Again, the duration
score is ratio ofthe statutory length of protection to 10 years; if the statutory length exceeds 10 years,
the maximum score of 1 was given. The restrictions category examines whether countries require
proof of use at the time of trademark rights renewal (e.g. demonstrate commercial use); whether
there are linking requirements (e.g. linking foreign trademarks to a locally-owned firm); whether
there are licensing restrictions (on royalties, technology transfer agreements); and whether there are
conditions for the protection of well-known marks (e.g. that they be used in the local economy).

' Since all jurisdictions with trademark laws allow words, names, symbols, devices, or
any combination, to be trademarked, it was not necessary to list these under the coverage
category. In some cases, color, sounds, fragrances, or 3-dimensional objects, can be registered,
but the cross-country variations in the protection of these are small.
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The international treaties category includes three major treaties: the Madrid Agreement which
governs the international registration of marks. It does not protect any trademark rights but
facilitates the acquisition of trademark rights in member states. The Nice Agreement governs the
international classification of goods and services for the purposes of registering trademarks. Official
documents and publications refer to these classes. Countries however can use this international
classification as their principal system of classification or alongside their own national classification
system. The Paris Convention also has provisions on Trademark rights. The Convention deals with
the use of registered marks and of well-known marks.

(iv) Parallel Import Protection (PARA): Parallel imports refer to the imports of legally manufactured
products by agents other than those with exclusive distribution rights. The right to prevent parallel
imports is essentially the international equivalent, or extension, of domestic vertical restrictions.
Domestically, wholesalers may grant retailers exclusive dealerships to help solve certain free rider
problems (whereby other distributors, such as parallel traders, free ride on the promotion and other
marketing activities of authorized dealers)."’

Countries also vary in how they treat parallel importation. Under a national exhaustion system,
parallel imports are not permitted; under an international exhaustion system, they are; under a
regional system, parallel importing is permitted within the region, but are not permitted from outside
the region. Based on these different policy regimes, the International Intellectual Property Alliance
has undertaken a survey of whether IPR owners can be protected against parallel imports. This index
has three values: 1 if yes, 0 if no; % if probably yes.

(v) Software Rights (SOFT): In light of the prominent developments in the computer industry
(particularly software) and the impact it has had on economies, it would be useful to incorporate the
effects of software protection. The above measures do not explicitly, if at all, incorporate computer
software in their coverage categories. A separate index would be required. Software protection is
available in several forms, depending on whether it is the idea (technical effect) or expression that
is sought for protection. Thus, agents can use either patents or copyrights, or a combination of them.
Software can also be protected through existing trade secret laws. Hence this index is the sum of
three components: trade secrecy, copyrights, and patents. Each of these components gets a score:
1 if such protection is available, zero otherwise. In the case of software patentability and software
copyrightability, a %2 score is given if the protection is possibly available but is not clear from
existing statutes. In total, this SOFTWARE index varies from zero to three.

(vi) Enforcement Provisions (ENF): This index is the fifth component in the Ginarte and Park
(1997) index of patent rights, separated from the rest of the components. In this category, the
selected conditions are the availability of: preliminary injunctions, contributory infringement
pleadings, and burden-of-proof reversals. A country that provides all three receives a value of 1 for
this category. While litigation, arbitration, and settlement comprise different enforcement ‘routes’
should infringement occur, patent holders may have recourse to a number of statutory provisions

"7 For further discussions of the effects of parallel import protection, see Maskus (2000).
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which can aid in enforcement. Preliminary injunctions, for example, are pre-trial actions that require
the accused infringer to cease the production or use of the patented product or process during the
course of the trial. Preliminary injunctions are a means of protecting the patentee from infringement
until a final decision is made in a trial. Contributory infringement refers to actions that do not in
themselves infringe a patent right but cause or otherwise result in infringement by others. Thus,
contributory infringement permits third-parties also to be liable if they contribute negligently to the
infringement. Burden of proof reversals put the onus on the accused to prove innocence. Given the
difficulty IP owners may have of proving that others are infringing on their ideas, expressions, or
symbols, the shift in burden can be a powerful enforcement mechanism.

(vii) Enforcement in Practice (USTR): At present no scientifically conducted studies have been done
on how laws are actually enforced in practice. The closest available are reports filed with the U.S.
Trade Representative (USTR) concerning intellectual property enforcement in various countries. A
major limitation is that the reports are biased towards the views of U.S. firms (of what constitutes
effective and adequate enforcement). Another limitation is that some complainants may have
ulterior motives for filing complaints; for example, to seek assistance in penetrating foreign markets
because they are not able to compete against local firms on price, product quality, or other factor
alone. A third limitation is that because the reports are descriptive and qualitative in nature, any
attempt to construct quantitative indexes based on them is likely to depend subjectively on the
author’s interpretation of the nature of complaints.

On the other hand, having no measure at all of enforcement in practice would be a serious omission.
Thus, notwithstanding these limitations, an index is developed to reflect the experience of IP
enforcement as documented in these reports (see USTR National Trade Estimates). The index can
then be compared to, and used in conjunction, with the other, largely statutory, IP indexes.

The index focuses on the execution of laws. Laws may be ineffectively implemented: 1) because
of a lack of willingness on the part of policy authorities to provide or enforce them (because the
authorities, for whatever reason, do not agree with a strong intellectual property policy), or ii)
because of a lack of capacity to enforce laws effectively. This may arise because of a lack of
resources, training, and experience.

IP violations occur not only because of weak laws and enforcement, but also because imitators or
infringers are very capable of copying. Therefore it is important to control for the capacity of a
nation’s “imitative” sector to make copies. In nations where the capacity for imitation is low, weak
enforcement may not be an important factor to innovators. The weak capacity for imitation itself
acts as a protection against imitation. On the other hand, even if strong laws exist (on the books) and
enforcement is strong (that is, the authorities are both willing and able to protect rights), there will
always be some infringement (even in regions where IP laws and rights are strong, such as in the
U.S.). Thus the level of infringement activity is not in and of itself a good indicator of whether the
laws are lax or ineffective, particularly if the laws are there and the court system enforces them (in
which case the system is working well). While lax laws and poor enforcement do contribute to IP

infringement, there are other factors that drive IP infringement activity (including capacity for
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imitation, such as the level of technology (for copying), and quantity of innovations and creations).

Thus, for purposes of this index (which is to try to measure the actual enforcement of IP laws), the
focus will be on how the authorities enforce or carry out the laws in practice -- not on the actual
extent of infringement activity. This particular index looks first for whether enforcement
mechanisms are available or adequate; secondly, whether laws are enforced; and thirdly, how
effectively. For instance, if enforcement measures are not available or inadequate, the enforcement
of laws is not going to be effective. Thus, countries in this situation would score 0. Countries also
score 0 if they have the enforcement mechanisms but are not enforcing the laws (as a policy choice
or because certain other policy choices make enforcement ineffective (e.g. weak fines or sentences)).
However, if countries are deemed to be enforcing the laws, but not effectively because of barriers
to enforcement (e.g. resource constraints) or because of delays in the implementation of policy (that
is, an intellectual property Act goes into effect six months or a year later), they would score .
Essentially countries should score a half point if they are trying to enforce the laws (but are less
successful because their capacity to enforce needs to be strengthened). For countries without
enforcement problems, a score of 1 is given. Note that complaints about the lack of laws (other than
enforcement provisions) are not counted in this index since the previous indexes (e.g. PAT, COPY,
TMARK, and so forth) have already incorporated information about the absence of laws.

D. Sample Statistics

Table 1 presents the indexes by country, averaged over the period 1987-1995. The mean patent
rights score is 2.78 (with a coefficient of variation of 0.23). The mean level for copyrights and
trademarks is 3.27 and 3.26 respectively (with coefficients of variation of 0.10 and 0.17
respectively). The country with the strongest measured patent rightsis the U.S. (with alevel 0o 3.57)
and the weakest is Mexico (with a score of 1.30). For copyrights, the country with the strongest
measured rights is France (score of 4.0) and the weakest is again Mexico. For trademarks, the
countries with strongest measured regime are France, Switzerland, and the U.K. (with scores of 4)
and the weakest is Mexico, followed by Korea. For parallel import protection, 9 out of 21 countries
provide it, 2 do not (Mexico and New Zealand), and the rest provide uncertain or partial protection.
As for software protection, 7 countries provide protection for software (through trade secrecy,
patents, and copyright): Canada, Germany, Japan, Korea, Sweden, UK, and USA. Belgium and
Portugal provide the weakest software protection. Most are providing partial protection.

On measures of statutory enforcement (ENF), 7 countries provide full enforcement mechanisms ,
9 near full (0.67 points), 5 near incomplete (0.33 points), and none provide incomplete mechanisms.
The USTR index indicates that the vast majority of countries (i.e. 14 of them) score high on
enforcement effectiveness, 6 score medium, and only 1 scores low (namely Mexico). The simple
correlation between ENF and USTR is 0.24.

The rest of Table 1 shows some simple correlations among the IPR indexes. Patent rights are highly
correlated with USTR; that is, countries with strong patent systems tend also to be countries that
enforce laws effectively. Patent rights are positively correlated with copyrights, trademark rights,
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and software rights. Softwarerights have almost no correlation with copyrights, though this variable
was constructed using elements of copyright laws. It may be that countries that provide copyright
protection for software are (in many cases) going against the grain in their national policy towards
copyrights in general. Note that trademark and copyrights are highly correlated; this might have
something to do with the similarity in material covered (namely, creative works, logos, business
names, and so forth). Parallel import rights are more highly correlated with copyrights and
trademark rights, than with patent rights and software rights. What copyrights, trademark rights, and
parallel importation rights have in common is trade, sale, and marketing of goods, whereas patent
rights refer to inventive activity. The USTR index of enforcement effectiveness is positively
correlated with all of the other indexes, especially software and patent rights.

5. Data

A. Manufacturing Sample

This paper combines two OECD data sets: its Basic Science and Technology Indicators (1997
edition) and its manufacturing sector database (STAN). The industry by industry R&D are referred
to as the BERD (i.e. Business Enterprise Research and Development). An advantage of the BERD
data is that it provides separate figures for privately funded and publicly funded industrial R&D.

This sample consists of 21 countries and 18 manufacturing industries. Appendix 2 provides a list
of these industries and countries in the sample. It also explains how the two data sets concord with
each other (i.e. how the BERD sectoral codes match up to the sectoral codes used in the STAN).

From STAN, data on output (Y), labor (L), and investment in physical capital were obtained. From
the science and technology database, data were obtained on privately financed business R&D
(referred to here as private R&D investment, ) and on government-financed business R&D
(referred to here as public R&D investment, I). Figures on output, physical capital investment, and
R&D investments (public and private), were all converted to real 1990 U.S. dollars using the IMF’s
Financial Statistics data on GDP deflators and exchange rates.

Since BERD data are only available from 1987-95, we developed the data set around this time
period. Moreover, there are a number of data missing in BERD. Where possible, we interpolated
(where data were missing between observations) and extrapolated data (where data were missing at
the end of the period). Essentially, a linear trend was fitted to the observations available."® By doing
this, we implicitly removed the influences of any business cycles.

Next, from the investment (flow) data, stocks were derived; that is, the stocks of physical capital (K),
private R&D capital (R,), and public R&D capital (R,). The perpetual inventory method was used,;
for instance, let R denote the stock and I the flow. Each period, the stock is as follows:

'8 In the case where only one observation was provided throughout the whole period, the
same value was given for the other years.
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(15a) R(t) = I(t)+ (1 - 8) R(t-1)

(156) R©) = (-*Y) K0)
Yy +96

The initial stock R(0) was obtained by backward recursive substitution of equation (15a), where y
is an historical average of the growth rate of investment (i.e. 1 + y(t) = I(t)/I(t-1))."” A ten percent
geometric depreciation rate & was assumed.

From these data, three time-series observations were selected for each manufacturing sector (in each
country): namely the averages of 1987-89, 1990-92, and 1993-1995. The IPR data corresponding
to this are 1985, 1990, and 1995, since the IPR data are only available for those years. (Note that
the IPR variables vary by country, not by sector.) IPR levels change very slowly so that the levels
could reflect conditions for more than one year.

Next, one of the tests in this paper is to determine if IPRs interact adversely with or impede R&D
spillovers (our proxy for knowledge diffusion). Thus, a measure of R&D spillovers is needed.
Spillover stocks are derived, for each sector (in each country per time period), by summing up the
R&D stocks of other sectors in that country (not in other countries) during that time period. Here,
international R&D spillovers are not considered.”® That is, for each country, the ith sector’s stock
of R&D spillovers at time t is:

N
(16) R+, = ) R,

J#
The above formula applies for both public and private R&D spillover stocks.
B. Sample Statistics

Table 2 provides some summary statistics (and correlations) for the R&D-related data. Part A
focuses on the sample as a whole, part B summarizes data by sector, and part C by country.

The mean rate of R&D investment (as a percentage of output) is 1.29%. The mean rate of public

' Because the sample period is relatively short, 1 = 0 is assumed if this method produces
negative values for 1.

% International spillovers were considered in preliminary work, but the results are not
conclusive. A problem arises because U.S. firms or sectors have the lowest (or receive the
lowest) international R&D spillovers, since the bulk of world R&D is conducted by the U.S.
Another issue concerning international spillovers is defining the appropriate metric of
technological similarity.
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R&D investment is 0.29%. The respective coefficients of variation are 1.82 and 5.10. Thus public
R&D investment rates vary much more widely. There is a much larger stock of private R&D capital
than of public R&D capital (about five times as much on average), and also a much larger stock of
private R&D spillovers than of public R&D spillovers (about six times as much on average). The
stocks per worker are all in real 1990 U.S. dollars.

There is a positive correlation (0f0.27) between public and private R&D investment rates, measured
as a percentage of output, and a positive correlation (of 0.21) between public and private R&D
capital per worker. The correlations are much higher between the private R&D investment rate and
private R&D stock per worker (of 0.79) and between the public R&D investment rate and public
R&D stock per worker (of 0.91). The private R&D investment rate and private R&D stock per
worker are also each positively correlated with the stock of private R&D spillovers per worker and
the stock of public R&D spillovers per worker. The correlation between patent rights and these
R&D variables is positive, but the correlation between copyright and trademark rights with private
R&D capital per worker is overall negative. The correlation between the IPR variables and public
R&D investment rates and stocks per worker are not all highly positive nor highly negative. One
issue worth investigating is whether public R&D policies and intellectual propertyrights policies are
“substitutes” for one another. Both are alternative means of dealing with the appropriability problem
with knowledge-based investments. If they are substitutes, IPR should be high where public R&D
contributions are low, and vice versa. On the other hand, if they were strong complements, there
would be a much higher positive correlation. Of course, these correlations are not controlling for
any third factors (for example, implementation and administration costs).

Part B of Table 2 presents the R&D investment rates and stocks per worker by manufacturing sector.
The heaviest concentration of public R&D is in the Aircraft sector. Its mean rate of public R&D
investment per (manufacturing sector) output is 5.64%. The sector that has the highest mean rate
of private R&D investment is the pharmaceutical sector (or Chemicals: Drugs), followed by the
Office & Computing sector. The lowest rate of private R&D investment is in Fabricated Metals, and
the lowest rate of public R&D investment is in Food and Beverages. The highest overall stock of
private R&D capital per worker is in the Office & Computing industry, followed by the Chemicals:
Drug sector. The sector with the smallest private R&D stock per worker is Fabricated Metals. The
stock of public R&D capital per worker is highest overall in the Aircraft sector, followed by the
Office & Computing industry. The stock of private R&D spillovers per worker is highest in the Ship
Building industry, followed by the Petroleum industry. These sectors’ spillover stocks are high
largely because, relative to their R&D, the other sectors do much more R&D (e.g. Office and
Computing, Aircraft, Chemicals: Drugs, Communications, and so forth). The highest stock of public
R&D spillovers is in Petroleum. The stock of private R&D spillovers and the stock of public R&D
spillovers are both lowest in the Fabricated Metals industry.

Part C of Table 2 summarizes R&D statistics by country. The highest rates of private and public
R&D investment are in the US (with rates of 2.77% and 1.24% respectively). The second highest
rate of private R&D investment is in Sweden and second highest rate of public R&D investment is
in Germany. The lowest rate of private R&D investment is in Portugal and lowest rate of public
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R&D investment is in Mexico. The largest stocks of private and public R&D per worker are also
inthe U.S. The lowest stock of private R&D per worker is in Portugal and the lowest stock of public
R&D capital per worker is in Mexico. The largest stock of private R&D spillovers per worker is in
Japan and the lowest in Mexico. The largest stock of public R&D spillovers per worker is in the
U.S. and the lowest in Portugal.

A comparison with Part B of this table would show that overall there is more variability in R&D
investment rates and capital stock when the data are presented by country (rather than by industry).
In part B, within each sector, the data vary by country; whereas in part C, for each country, the data
vary by sector. Hence what drives most of the variability is the intersectoral differences (from Food
and Beverages to Aircraft), which also suggests that there is a greater deal of heterogeneity across
sectors rather than across countries. The empirical section which follows will fit the model (equation
(14)) to the sample as a whole, as well as by sector.

6. Empirical Results

The basic results of estimating (14), where patent rights (PAT) is the measure of IPR, are presented
in Table 3. The first column shows the OLS results. Public R&D capital per worker has a positive
effect on private R&D capital per worker. A 1% increase in public R&D capital per worker
stimulates a 0.544% increase in private R&D capital per worker. Physical capital is also seen to
augment the stock of private R&D capital. A higher stock of tangible capital per worker (K/L)
works, in our framework, to increase the marginal productivity of private R&D capital and thereby
stimulates the accumulation of private R&D, leading to a higher stock of private R&D capital in the
long run. Patent rights also positively explain the (equilibrium) stock of private R&D capital. The
elasticity of private R&D capital per worker with respect to patent rights is 1.787. The model
explains about 59% of the data.

In columns (2) and (3), we examine some reverse regressions, where private R&D capital might be
a determinant of public R&D capital and patent rights, respectively. First, in column (2), indeed
private R&D capital per worker can potentially be an important determinant of public R&D. Either
the public sector is an endogenous, optimizing agent seeking to maximize social welfare (in which
case it would seek to equate the discounted marginal products of public and private R&D capital,
and thereby account for the positive relationship between public and private R&D) or some third
factor (such as technology shocks) affect the productivity of R&D, public and private alike. Public
R&D is also explained by the stock of public R&D spillovers. This could be the result of public
sector research being stimulated by the public R&D conducted in other sectors or it may be the result
also of some third factors; perhaps the fact that governments have national R&D objectives, more
than sector-specific ones, so that a rise in public R&D for one sector is actually a rise in public R&D
for all sectors as the government tries to achieve some national purpose. This latter possibility is
consistent with the finding that public R&D is positively explained by government spending in
general (see the GOVT variable). Public R&D is actually a small percentage of national government
spending. However, an overall expansion in public spending may include some growth in public
R&D spending. Note that the coefficient of 0.293 does not indicate how public R&D spending
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grows in proportion to government spending in general, since the dependent variable is public R&D
stock per person. The preferred interpretation, though, is that the GOVT (per worker) variable is a
measure of government size, and that a larger government size is associated here with a larger long
run stock of public R&D capital (because of greater public investments). But note importantly that
patent rights are not a statistically significant determinant of public R&D capital per worker.

In column (3), we also see that patent rights are not determined by public R&D capital per worker.
There does not seem to be a relationship between the accumulation of public R&D and the strength
of patent system, as might be thought if national governments choose their mix of public R&D and
levels of patent rights to achieve an overall objective with regards to how much private knowledge
should be proprietary. For instance, it might have been thought that governments could either
provide weak patent protection and heavy public R&D programs in their place or strong patent
protection and limited public R&D involvement (thus allowing private R&D markets to take their
course). On the other hand, private R&D capital per worker does significantly explain the level of
patent rights, but the magnitude of the effect is small. A reason that patent rights may depend on the
level of private R&D is that countries that are more intensive in research activities have more to gain
from protecting research outputs. Countries where private R&D activity is relatively low may have
a larger share of imitators, so that there is pressure by locals to keep patent rights weak to enable
them to better imitate foreign technologies, to use proprietary knowledge, or to acquire spillover
benefits. Another important determinant of patent rights is the economic freedom index (ECON).*!
One interpretation is that patent rights measure specific (technology-related) property rights, whereas
the economic freedom index measures property rights in general. Countries that protect property
rights in general are more likely to protect IPRs in particular, than vice versa. Indeed where property
rights are in general weak, policy authorities are more apt to be hesitant about the idea of creating
intellectual property protections.

But as column (4) shows, the Hausman tests indicate that we cannot reject the null hypothesis that
patent rights are exogenous (vis-a-vis private R&D capital). It might be reasonable to assume that
the levels of patent rights are determined endogenously by policy authorities (in response to the
nature of domestic R&D activity), it is also the case that patent reforms have taken place where
domestic R&D activity is not high. One reason is that the reforms were in response to trade
pressures (or incentives). Another is that countries may expect greater R&D to result in the future.
That is, countries may have low levels of domestic R&D, but seek to raise that with higher levels
of patent protection. Thus, cuurent levels of domestic R&D activity may be an uncertain determinant
of patent protection levels. The Hausman test, however, indicates a rejection of the null that public
R&D is exogenous. Overall, after taking the endogeneity of public capital into account, the
instrumental variables (IV) estimates indicate that (compared to the OLS findings) patent rights have
a similar effect on private R&D capital, but the effect of public R&D capital on private R&D capital
is higher, and the effect of physical capital per worker lower. The model explains 48% of the data.

Note that, given the coefficient estimate of PAT, the implied elasticity of the appropriability function

! The data are from Gwartney and Lawson (2001).
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(with respect to patent rights) must exceed one (see (13¢) and expression for ¢, in (14)). This
implies that the appropriability function is convex. The ability to capture revenue increases with
each ‘unit’ increase in patent rights at an increasing rate. This implies that halfway measures are not
very effective instruments for appropriation; starting from no protection to some halfway point of
protection does not raise appropriability as much as going from that halfway point of protection to
full protection of patent rights. Halfway measures leave much room still for imitation and
infringement.

In Table 4, we examine the role of other (non-patent) kinds of IPRs: copyrights, trademark rights,
software rights, parallel importation rights, and enforcement effectiveness. In columns (1)-(5), each
of the other IPR measures is examined individually with the rest of the variables in the model. In
column (6), all of the IPR variables are examined together along with the rest of the variables. The
estimates are obtained by the method of IV to take into account the endogeneity of public R&D.

Copyrights and trademark rights each exert a negative influence on private R&D capital per worker.
This might suggest that as instrument of intellectual property rights, they on balance restrict
knowledge diffusion or the use of valuable creations, and therefore make it more difficult to build
on previous research. If it were merely the case that they are not appropriate instruments for
stimulating R&D (since they protect creative expressions and symbols, not inventions), the
coefficient estimates (or measured effects) should have been statistically insignificant.

Software rights have a positive influence on the stock of private R&D capital. This might indicate
that protection of this relatively narrow (and recent) sphere of technological inventions spurs R&D
across sectors (even if they are not specifically computer-oriented) because software programs (and
programming) may be important inputs of R&D production in general. Or, it might be that this
variable is picking up the effects of the omitted variable, PAT (or patent rights in general).

Column (4) shows that parallel importation rights have a negative effect on R&D. It may be that
parallel import protection limits the diffusion of knowledge or spillovers since it limits the diffusion
of new goods to intellectual property owners or their assigned distributors. The market power effect
of parallel importation rights should also be important here.

In column (5), the enforcement effectiveness variable has a predicted positive influence on R&D.
Clearly, enforcement of rights and laws is an important part of having intellectual property rights.

Once patent rights are controlled for, as in column (6), the copyrights, software rights, and parallel
importation rights diminish in (statistical) significance. Patent rights (PAT) and enforcement
(USTR) remain significant explanatory factors. This seems intuitive - namely, that for R&D, the
legal variable that matters most is patent rights and their effective enforcement. Trademark rights
still exhibit a negative influence on R&D. Unlike other forms of IPRs, such as patent rights and
copyrights, no “work” of knowledge per se is disclosed to the public in exchange for the trademark
right. Trademarks give exclusive use of some name, symbol, or other. In other words, it may
function as a type of entry barrier or market restriction or impediment without offering something
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else of benefit in exchange, such as access to some know-how.

As for why software rights were also not significant once patent rights and enforcement were
controlled for, it may be that adding software inventions to the list of patentable matter does not add
further variability in patent rights across countries. Those that protect software are likely to protect
the traditional fields (including a field that was once considered controversial, namely
pharmaceuticals). Moreover, countries that do not protect invention matter like food, chemicals, etc.
are not likely to consider something recent like software. (One might make a conjecture that
protection for business method patents and genetic innovations will also not add much variability
to the level of patent rights that the variable PAT already captures - that is, in terms revealing the
strength of patent protection across countries).

It is interesting to note that statutory patent provisions were found to stimulate R&D, since a
common criticism of the statutory patent protection variable is that it does not measure actual
practice. Here, the evidence seems to suggest that the laws on the books can stimulate research and
development. The idea may be that laws act as a signal - that they reveal something about the
attitudes of public authorities towards the protection of intellectual property and affect confidence
levels among agents to invest, say, in risky ventures like R&D.

We next pursue the question of whether IPRs can inhibit spillovers. Earlier we argued that stronger
IPRs have two opposing effects: the appropriability effect of stronger IPRs versus any spillover
reduction effect of tighter IPRs. However, from the coefficient of IPR, namely ¢,, we cannot
separately identify the parameters of the appropriability function 6 and spillover reduction function
v - namely the p and o parameters. Indeed the coefficient is a reduced form expression; it is derived
to reflect the net effect, and we have found the net effect to be positive in the case of patent rights
and enforcement (and negative in the case of trademark rights). Because of'this inability to identify,
we may not know if there exists a spillover reduction effect at all.

Thus, an alternative strategy here is to work with the interindustry spillover variables, and determine
if IPRs in any way reduce the transmission of those spillovers. Consider, first, column (1) of Table
5. The stock of private R&D spillovers per worker is added to the model (equation (14)). The
coefficient estimate is statistically significant at better than conventional levels, and shows the
elasticity estimate to be 0.708. The stock of private R&D spillovers appears to help augment the
marginal productivity of own-sector private R&D capital. But note that the patent rights variable
no longer explains private R&D. In fact, an issue is whether patent protection adversely affects
interindustry spillovers. Thus following interaction variable is added to the model:

INTER1 = In(PAT) x In(R */L),

where R * is the stock of private R&D spillovers. This allows us to examine how the influence of
private R&D spillovers on R&D -- i.e. the slope -- varies, if at all, with the level of patent rights.
As shown in column (2), the coefficient estimate of this interaction term is negative indicating that
patent rights reduce the (positive) impact that private R&D spillovers have on R&D capital, but the
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estimate is not statistically significant at conventional levels.

The column (3) results indicate whether patent rights do the same for public R&D. That is, whether
patent rights influence the relationship between public R&D and private R&D. Thus a different
interaction term is added to the model:

INTER2 = In(PAT) x In(R /L),

where R, is the stock of public R&D capital. The coefficient estimate of this variable is positive and
statistically significant, indicating that higher levels of both public R&D and patent rights stimulate
private R&D. This view suggests that the two are complementary - that they enhance the effects of
the other.

In column (4), the patent rights variable is dropped since it is found not to affect private R&D, once
private R&D spillovers are controlled for. In its place, the stock of public R&D spillovers is added.
The finding is that this variable exerts a negative influence on private R&D (but its coefficient
estimate is not statistically significant). As public R&D is already controlled for, the result suggests
that private R&D is stimulated by public R&D invested in the same sector, not in other sectors. The
negative (albeit weak) effect of other sectors’ public R&D might be due to resource crowding out
effects or resource diversion effects.

The finding that patent rights do not affect private R&D once private R&D spillovers are controlled
for does not preclude the possibility that patent rights could indirectly affect private R&D by
affecting private R&D spillovers, or by affecting private R&D activity in general (in a wide sense).
This would be consistent with our earlier findings, where patent rights stimulate private R&D. Thus
an auxiliary equation is estimated, one in which private R&D spillovers is a function of the stock of
capital (in other sectors), the stock of public R&D in other sectors, and patent rights.

*

, R B R K*
(14)" In (Tp) =f(n (Tg), In (

L

), In (IPR))

This equation is the mirror-image of (14), where the stock variables are the sum of other sectors’
values. For example, K*=%K,, j#1i. The LHS of (14)[is the ith sector’s R&D spillovers; the RHS
variables are all the sectors’ values other than sector i’s. As for the patent rights variable, it is of
course not sector-specific but a nationwide measure (and hence applies to all sectors).

Both equation (14) and (14) ] are estimated jointly as a system of equations (by the method of
seemingly unrelated regressions (SUR)).** Equation (14) captures the “direct” effect of patent rights
on R&D, while equation (14)[ | captures the indirect effect on R&D via the effect of patent rights on
R&D spillovers (or on total R&D activity as a whole). Columns (5) and (6) report the results of (14)

> The public R&D variable is again instrumented.
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and (14) I respectively. Again, as when equation (14) was estimated as a single equation, the patent
rights variable is not an important explanatory variable when the private R&D spillover variable is
included. Patent protection, however, is an important determinant of private R&D activity in
general, and thus helps generate private R&D spillovers. The results in column (6) of Table 5 are
the counterpart of results in column (1) of Table 5 and columns (1) and (4) of Table 3, except that
the regression is run on other sectors’ data. The auxiliary regression captures much more of the
variations in the data (about 90%). This is likely because a lot of the idiosyncratic, sector-specific
factors and noises are minimized, if not removed. The auxiliary regression is run over near total (or
averaged) sectoral data.

In Table 6, equations (14) and (14)] are estimated by sector. In addition, all of the IPR measures
are included jointly. This allows us to determine which sector’s R&D capital or R&D spillover
capital is influenced most by which type of IPR. Part A of Table 6 reports on the direct effects of
IPR (estimates of equation (14)) and Part B the indirect effects (estimates of equation (14)7). It
should be cautioned that at the sectoral level, there are a number of degrees of freedom lost due to
a number of missing observations. At the sectoral level, it should also be noted that the variation
in the data is across time and across countries.

The first rows of Parts A and B refer to all sectors pooled. The difference between these results and
those in columns (5) and (6) of Table 5 is that all the IPR variables are entered together. We first
discuss the results in Part A (the “direct” effects on R&D). For the sectors as a whole, public R&D
capital, private R&D spillovers, and physical capital all augment the marginal productivity of private
R&D capital. Of the IPR measures, only the USTR variable -- that is, the enforcement effectiveness
measure -- has a direct positive and significant effect on R&D. Trademark rights have a negative
(almost significant at conventional levels) effect.

Turning to the sectors, public R&D has strong positive marginal contributions to the private R&D
of the Petroleum, Motor Vehicles, and Aircraft sectors. It is interesting to note that the Aircraft
industry is where public R&D is most heavily involved. Public R&D has significantly negative
effects on private R&D in the Wood, Chemicals (Non-Drugs), Non-Ferrous Metals, Office &
Computing Equipment, Ship, and Electricals. This may signify some crowding out effects or free
riding (whereby private researchers free ride on public research efforts). Physical capital has
significantly positive effects on private R&D in the Wood, Drugs, Iron, Non-Ferrous, Fabricated
Metals, Electricals, Motor Vehicles, and Aircraft sectors. A significantly negative effect is detected
in Petroleum and Office & Computing. In Petroleum, it may be that a higher stock of tangible
capital displaces R&D (intangible) capital. In the Office & Computing sector, an explanation might
be that the R&D of this sector is not capital-intensive, but skilled or human capital-intensive. An
expansion in capital may therefore crowd out some R&D investments.

Private R&D spillovers, in a majority of sectors, exert a significantly positive influence on private
R&D. Itis not important in Drugs and Electricals. One explanation might be that the R&D in these
sectors is sector-specific, so that outside R&D may be less appropriate. In terms of the model in
section 3, ® may be near zero. The negative effect of spillovers detected in the Aircraft and
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Petroleum sectors may signify some free-riding effects (on the research of other sectors).

Turning to the impacts of IPRs, there appear to be a few significantly direct effects at the sectoral
level. Patent rights have significantly direct positive effects on private R&D in the Wood, Chemicals
(Drugs and Non-Drugs), Office & Computing, Electricals, and Shipbuilding sectors. This would
indicate that the increased appropriability effects of patent rights dominate any spillover reduction
effects of patent protection. On the other hand, there are significantly negative effects detected in
Printing, Petroleum, indicating that the spillover reduction effects dominate on net. Copyrights have
a directly significant positive effect in Chemicals (Non Drugs) and in the Aircraft sector, but have
strongly negative effects in Electricals, Office & Computing, and Non-Ferrous Metals. Trademarks
have a positive effect on R&D only in Electricals; this may reflect the tremendous importance of
trademarks in electronic products. Otherwise, strong negative effects of trademark rights are
detected in sectors such as Chemicals (Non Drugs), Non Metals, and Aircraft.

Software rights have a significantly positive effect on R&D in Chemicals (Drugs and Non-Drugs),
Electricals, Aircraft, Wood Products, and the Food sector. Software may be important in the latter
because some of its research relate to agricultural and biotechnological work where, as in the
Chemicals sectors, software maybe an important input into research and production. Software rights
negatively affect private R&D in Textiles, Office & Computing. This suggests perhaps that an ‘open
source’ structure may be more conducive in these sectors.

Parallel importation rights exert a positive influence in the Wood, Chemicals (Non-Drugs), Office
& Computing, and Aircraft sectors. A negative influence is found in Food, Printing & Publishing,
and Petroleum. The measure of enforcement effective (USTR) is a positive influence in Textiles,
Wood, Chemicals (Drugs and Non-Drugs), Petroleum, and Non-Metals, and a negative influence
only in Office & Computing. Some imitation (or imitative activity) may have direct positive
influences on research in the latter industry.”

It is interesting to note that software rights, patent rights, and effective enforcement were important
explanatory factors for Chemicals (Drugs) research, since this sector (as we found) enjoys relatively
little or no spillovers from other sectors. Thus to the extent these kinds of IPRs are important to this
sector, the firms in this sector must depend on them directly, since there are no indirect channels of
influence here for IPRs.

Next, we focus on the results in Part B, Table 6 (the “indirect” effects on R&D). For all sectors as
a whole, the stock of private R&D spillovers is a positive function of other sectors’ capital (per own
sector’s worker) and of the stock of public R&D spillovers. Among the IPR measures, patent rights,
software rights, and enforcement effectiveness all contribute strongly and positively to faciliate
private R&D spillovers. Parallel import rights and copyrights have a strong negative influence on

» In some instances, this is an argument that tighter IPRs can reduce R&D by preventing
learning by imitation. While very plausible, a perhaps bigger reason for imitating in the first
place is to avoid doing the R&D - to produce copies without incurring the upfront research costs.
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private R&D spillovers, suggesting that they impede research knowledge spillovers.

Turning to the individual sectors, the stock of other sectors’ physical capital has, in the majority of
cases, a positive influence on the other sectors’ private R&D capital (which constitute the stock of
private R&D spillovers for the own-sector). Note that the interpretation of this variable has to be
taken with care (since it is the sum of the other sector’s physical capital stock); thus, this variable
is significant in the Office & Computing and Petroleum sectors, whereas it was not in Part A. This
is because in Part B, for the Office & Computing sector, for example, the variable (K*/L) includes
all stocks of physical capital other than that for the Office & Computing sector. The same goes for
the Petroleum sector. The stock of public R&D spillovers has also in the majority of cases a strong
positive effect on the stock of private R&D spillovers. This is not surprising since public R&D, for
sectors as a whole, tend to have a positive effect on private R&D. (The exception is in Motor
Vehicles and Petroleum, where own public R&D did have a strong positive effect on own private
R&D. This might suggest that public R&D has sector-specific characteristics -- or has to be tailored
-- in these sectors.)

As for the IPR variables, patent rights are an important explanatory variable except in Drugs (since
there is no spillover role for patents, as this sector is weakly dependent on outside research) and in
Office & Computing and Shipping, where patent rights already have a direct impact. Patent rights
are also not important in Aircraft (which might be due to the large role that public R&D plays,
obviating the need for strong patent incentives).

Copyrights have strong negative influences on private R&D spillovers in Textiles, Chemicals (Non
Drugs), Non Metals, Iron, Fabricated Metals, and Electricals. A positive influence is found only in
the Aircraft sector. (Perhaps a case study analysis could better shed light on why.) Trademarks have
negative effects in the Wood, Printing, and Shipping sectors; positive effects in Petroleum and Motor
Vehicles; and negligible effects in the remaining sectors. Software rights have strong negative
effects on private research spillovers in Printing and Publishing (which may depend on wide
dissemination to encourage R&D). Otherwise, software rights have a significantly positive effect
on private R&D spillovers in several sectors: Chemical (Non-Drugs), Petrolem, Rubber, Non-
Ferrous Metals, Electrical, Motor Vehicle, and Aircraft. Parallel importation rights, interestingly,
have no positive effect on knowledge spillovers in any sector, but strongly negative effects in many
sectors (Food, Textiles, Chemicals (Drugs and Non-Drugs), Petroleum, Rubber, Non Metals, Iron,
Non Ferrous Metals, Fabricated Metals, Shipping, and Motor Vehicles). This may have to do with
the very nature of parallel import rights, in limiting “distribution” to authorized agents. Finally,
enforcement effectiveness is generally a positive determinant of private R&D spillovers. Again, the
effect is weaker in the Chemicals sector, particularly Drugs, since R&D tends to be sector-specific
and does not depend much on spillovers from other sectors. There is also a weak effect for the
Office & Computing sector, but the enforcement effectiveness variable had already a direct effect.
Overall, there is no significant negative effect of enforcement effectiveness on spillovers.

In sum, at the sectoral level there are both direct and indirect effects at work, though the results
generally mimic the results for the sectors as a whole - that IPRs (particularly patent rights and
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enforcement) matter most in stimulating R&D activity in general, thereby making intersectoral
spillovers possible. But controlling for those spillovers, there is usually no additional effect of [PRs
on private R&D.

7. Conclusion

As mentioned earlier, public support for R&D and intellectual property protection are both solutions
to the appropriability problem in R&D knowledge accumulation (though not the only solutions). In
the absence of public R&D or intellectual property rights, underinvestment (or no investment) in
R&D is argued to result. Thus, public R&D and IPRs should have positive influences on R&D
behavior (at least raising R&D levels above what they would be without public intervention or
proprietaryrights). Thus far, there has been considerable empirical work on the relationship between
public and private R&D, but the empirical work on IPRs and R&D lags far behind. This paper has
sought to help close that gap. The paper largely finds that both mechanisms (public R&D and IPRs,
particularly patent rights and enforcement effectiveness) stimulate private R&D. Moreover, though
it was not directly tested, the results do not hint at any “substitutability” between public R&D
support and IPR levels (that is, where public R&D capital is high, IPR levels are weak, and vice
versa). The evidence examined here favours some complementarity: that public R&D capital and
patent protection each enhances the effect that the other has on private R&D capital.

A summary of the main results are as follows: first, as just mentioned, public R&D stimulates private
R&D (particularly if both refer to the same sector; that is, spillovers from public R&D in other
sectors matter relatively less). But the paper finds endogeneity between public and private R&D that
must be taken into account. Patent protection also stimulates R&D (at an increasing rate, indicating
that the underlying “appropriability function” is convex). Patent rights are found not to be
determined by (nor to determine) public R&D capital, and are weakly determined by private R&D
capital. Thus patent rights are on the whole treated as exogenous (to private R&D).

As for the other IPRs, copyrights and trademark rights appear to restrict R&D spillovers. Specialized
forms of protection like software rights have a small value-added contribution to stimulating private
R&D (when patent rights are controlled for). Parallel import rights overall have a negative effect
on private R&D. The effectiveness of enforcement also matters to R&D, but even when
enforcement effectiveness is controlled for, patent statutes (‘“laws on the books”) remain a significant
explanatory factor for private R&D.

In terms of intersectoral spillovers, there is no evidence that patent rights impede them. Indeed they
help stimulate the stock of private R&D spillovers. In turn, these spillovers are an important driving
force in private R&D activities. But interestingly, once R&D spillovers are controlled for, patent
rights are no longer an important determinant of private R&D. However, patent rights indirectly
stimulate private R&D by positively stimulating private R&D spillovers, which in turn directly
impact on private R&D.

Across individual sectors, there are of course some differences in results, but overall the general
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findings or conclusions obtain at the sectoral level. The behavior of a few sectors might deviate from
the overall (pooled) sample, but they are in the minority. For example, in the Chemicals (Drugs)
sector, R&D spillovers are not an important determinant of private R&D. In the Chemicals (Drugs
and Non-Drugs) and Office & Computing sectors, patent protection can directly affect private R&D,
even though spillovers are controlled for. In Electricals, trademark rights have a strong, direct
positive effect on private R&D, and in Office & Computing, software rights have a strong, direct
negative effect on private R&D. These are a sample of some exceptions to the general results.

In closing, there are a couple of ways to extend this study: 1) The first is to examine copyright and
trademark-related output. The results show that R&D is patent-sensitive, rather than copyright,
trademark, or other IP-sensitive. This does not imply that copyrights, trademarks, or other non-
patent IP instruments, do not matter to other valuable economic activity. Thus future work could
explore other types of economic activity (in other words, other possible LHS variables, other than
R&D) that might be more specifically a function of copyrights or trademark rights; for example,
promotion, marketing, and advertising investments, education, community development, and cultural
activities. 2) Another useful extension is to construct measures of effective intellectual property by
industry. In principle, the IP laws vary by country but not by industry within a country, except in the
case of coverage (for example, a country may not provide protection for biotechnological
innovations, pharmaceuticals, or software). By excluding certain patentable subject matter, the laws
do provide a tacit amount of preferential protection across sectors. But in theory, the IPR laws are
national in scope. However, in practice, there are important inter-industry differences in the level
of IPRs that firms can enjoy, and they are measurable. This matters because different kinds of
inventions may require different levels of protection for the inventors to recoup their R&D costs.
For some inventions, existing rights may be too weak (say chemical inventions) and for others too
strong (say business methods). Another reason that firms in different industries may enjoy different
effective levels of IP protection is that the process of procuring rights and enforcing them may differ.
For example, due to differences in the complexity of technologies, firms in certain sectors may take
longer to obtain a patent. The search and examination process may be more involved so that patent
pendency is longer. It may also be more difficult to detect and prove infringement, and therefore
enforce property rights, in certain kinds of technological fields. The ability to procure and enforce
IP rights may also be function of the degree of competition in the sector.
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Appendix 1. Intellectual Property Rights - Summary of Criteria and Measurement

This appendix reviews the key criteria under each type of IPR index, and the method for scoring
the strength of protection. It is likely that no one index captures the overall nature of IP
protection in a region; but together the various indexes should provide a general picture.

1. PAT
This is the index of patent rights in Ginarte and Park (1997) without the enforcement category.

The original index has five categories (including enforcement). The remaining four categories
are:

(1) Membership in International Treaties Signatory Not Signatory
-- Paris Convention and Revisions 1/3 0
-- Patent Cooperation Treaty 1/3 0
-- Protection of New Varieties (UPOV) 1/3 0
(2) Coverage Available Not Available
-- Patentability of pharmaceuticals 1/7 0
-- Patentability of chemicals 1/7 0
-- Patentability of food 1/7 0
-- Patentability of plant and
animal varieties 1/7 0
-- Patentability of surgical products 1/7 0
-- Patentability of microorganisms 1/7 0
-- Patentability of utility models 1/7 0
(3) Restrictions on Patent Rights Does Not Exist Exists
-- “Working” Requirements 1/3 0
-- Compulsory Licensing 1/3 0
-- Revocation of Patents 1/3 0
(4) Duration of Protection Full Partial
1 0<f<1

-- where f equals the duration of protection as a fraction of the full (potential) duration.
FULL duration is either 20 years from the date of application or 17 years from the date of
grant (for grant-based patent systems) .



. COPY

This is an index of copyrights, based on statutory provisions:

(1) Membership in International Treaties Signatory Not Signatory
-- Berne Convention 1/4 0
-- Rome Treaty 1/4 0
-- Universal Copyright Convention 1/4 0
-- Phonogram Convention 1/4 0
(2) Coverage Available Not Available
-- Literary, Dramatic, Artistic, ... 1/5 0
-- Performance Rights 1/5 0
-- Sound Recording 1/5 0
-- Cinema /5 0
-- Broadcasting 1/5 0
(3) Restrictions on Copyrights Does Not Exist Exists
-- Limit Re-sale (“Droit-de-Suite”) 1/4 0
-- Extended (Collective)
Licensing Schemes 1/4 0
-- Compulsory Licensing:
Government Use 1/4 0
Private Use 1/4 0
(4) Duration of Protection Full Partial
-- Literary, Dramatic, Artistic, ... 1/4 0<f<1/4
-- Performance 1/4 0<f<1/4
-- Sound Recording 1/4 0<f<1/4
-- Cinema 1/4 0<f<1/4

-- where f equals the duration of protection as a fraction of the international standard of
50 years, times 1/4. The duration of protection varies by kind of work covered. Each
kind has equal weight in the overall duration score. If the duration of a work exceeds the
50 year norm, a maximum score of 1/4 is assigned.



111. TMARK

This is an index of trademark rights, based on statutory provisions:

(1) Membership in International Treaties Signatory Not Signatory
-- Madrid Treaty 1/3 0
-- Nice Treaty 1/3 0
-- Paris Convention 1/3 0
(2) Coverage Available Not Available
-- Service Marks 1/3 0
-- Certification Marks 1/3 0
-- Collective Marks 1/3 0
(3) Restrictions on Trademark Rights Does Not Exist Exists
-- Renewal Proof of Use 1/4 0
-- “Linking” Requirements 1/4 0
-- Restricted Licensing 1/4 0
-- Lack of Protection for Well-known 1/4 0
Marks due to Non-Use
(4) Duration of Protection Full Partial
1 0<f<1

-- where f equals the duration of protection as a fraction of the FULL duration (of ten

years, the international norm).

1V. SOFT

This index measures the intellectual property protection for software. The patent and copyright
indexes above do not explicitly include software in their coverage category. Hence a special
index can be created for this particular type of innovation or creative expression (and/or as an
extension to the indexes above).

Software rights can be protected by three sources: (a) trade secrecy protection; (b) patent; and (c)
copyrights. Thus

Software = Trade Secret + Patent + Copyright
Index (x1) (x2) (x3)

where x; =1 if trade secrecy protection exists (0 otherwise)
x; = 1 if patent protection exists for software, /% if partial provision exists, and 0
otherwise
x3 = 1 if copyrights exist for software, /% if partial provision exists, and 0 otherwise



The information on software patent and copyright provisions is contained in Computer Law
(Matthew Bender), Chapter 3B. Information on trade secret protection is contained in Hemnes et.
al. (1992).

V. PARA

This refers to ‘Parallel Import’ protection for intellectual properties (e.g. books, computer
programs, phonograms, videos, and so forth), as rated by the International Intellectual Property
Alliance (ITPA).
The index = 1 if YES, country provides parallel import protection

=1 if PROBABLY YES

=0 if NO

VI. Enf-GP

This is the enforcement category of the Ginarte-Park (1997) index, as detached from the
aggregate index. Since the same enforcement features are available for patent rights enforcement
as well as for other types of intellectual property rights enforcement, it is useful to look at this
category as a separate index. This index can represent the statutory provisions for enforcing
IPRs.

Enforcement Available Not Available
-- Preliminary Injunctions 1/3 0

-- Contributory Infringement 1/3 0

-- Burden-of-Proof Reversal 1/3 0

VIl. Enf-USTR

This index is a qualitative measure of the effectiveness of IPR enforcement in practice. It is
based on reports filed with the U.S. Trade Representative (USTR) which document the
experience of IP enforcement in countries outside the U.S.

The reports describe complaints, if any, about enforcement procedures and/or about the failure of
the proper authorities to carry out the laws on the books. The failure to enforce may be due to
some inability on the part of the authorities to carry out those laws or due to a conscious policy
choice. Absence of substantive laws (other than enforcement provisions) are already
incorporated in the previous indexes, and thus complaints about the lack of substantive laws are
not incorporated here. Thus, the index is given by:

Enf-USTR = 0 if enforcement measures are not available or inadequate (e.g. weak
deterrents);
e if enforcement measures are available but not effectively carried
out (due to lag in policy implementation or resource barriers);

1 otherwise.



Appendix 2. Manufacturing Industry Sample

(A) List of Countries in the Sample:

Australia Korea
Austria Mexico
Belgium Netherlands
Canada New Zealand
Denmark Norway
Finland Portugal
France Spain
Germany Sweden
Greece United Kingdom
Italy United States
Japan

(B) List of Industries in the Sample (for each country):

Sector:

Food, Beverages, Tobacco
Textiles, Apparel, Leather

Wood Products & Furniture
Printing & Paper Products
Chemicals (Non-Drugs)
Chemicals (Drugs)

Petroleum

Rubber & Plastics

. Non-metallic Mineral Products
10. Metals: Iron & Steel

11. Metals: Non-Ferrous Metals

12. Fabricated Metal Products

13. Office & Computing Equipment
14. Radio, TV, & Communication Equipment

NN R WD =

\O

15. Electrical Apparatus (excl. Communication Equip.)

16. Shipbuilding
17. Motor Vehicles
18. Aircraft

Notes:
STAN is the OECD Industrial Activity Database

DSTI is the OECD Science & Technology Indicators Database.

Line Number from:

STAN DSTI
Database Database
3100 04

3200 07
3300 12 & 40
3400 13 & 14
3512x 18

3522 19
3534A 16
3556A 20

3600 21

3710 23

3720 24

3800 25

3825 28

3832 32
383X 29

3841 36

3843 34

3845 37



Table 3. R&D and Patents -- Basic Results

Dependent Variable:

OLS -1V --
(1) (2) 3) 4)
RDy/L RD,/L PAT RD,/L
Constant -3.527 -3.271 0.569 -3.304
(0.822) (0.508) (0.061) (0.941)
RD,/L 0.544 0.0005 0.762
(0.025) (0.0036) (0.045)
K/L 0.524 0.446
(0.066) (0.082)
PAT 1.787 -0.480 1.752
(0.298) (0.358) (0.299)
RD,/L 0.654 0.026
(0.043) (0.005)
RD,*/L 0.142
(0.046)
GOVT 0.293
(0.074)
ECON 0.297
(0.028)
Adj. R? 0.59 0.55 0.30 0.48
No. of Observ. 640 661 664 640
v(4) 1.28
[p-value] [0.87]
(4" 89.6
[p-value] [0.00]

Notes: RD,, RD, denote the stocks of private and public R&D capital (in real 1990 U.S. dollars)
respectively. L denotes labor, K capital, PAT patent rights index, and IV instrumental variables
estimation. All variables are in natural logarithms. Heteroskedastic-consistent standard errors are in
parentheses. *(4)" is the Hausman test-statistic (with four degrees of freedom) for testing the null
hypothesis of the exogeneity of PAT and x*(4)" the Hausman test-statistic for testing the null hypothesis
of the exogeneity of RD,/L. The instrument for PAT is the index of economic freedom (ECON), and the
instruments for RD,/L are the stock of public R&D spillovers (from other sectors), i.e. RD,*/L, and
national government spending per worker (GOVT).



Table 4. R&D and other Intellectual Property Rights

Constant0.091

RD,/L

K/L

PAT

COPY

TMARK

SOFT

PARA

USTR

Adj. R?

No. of Obs.

Notes: Estimation is by IV (instrumental variables), where the instruments for RD,/L include the stock of public

0]

1.102
(1.169)

0.825
(0.039)

0.456
(0.084)

-1.208
(0.589)

0.46

640

@

(1.057)

0.829
(0.038)

0.432
(0.081)

-1.827
(0.465)

0.47

640

(€)]

-1.636
(0.937)

0.761
(0.044)

0.482
(0.083)

1.258
(0.312)

0.47

640

Dependent Variable: RD,/L

“4)

-0.375
(0.855)

0.898
(0.044)

0.439
(0.081)

-0.847
(0.179)

0.47

640

(&)

0.686
(0.861)

0.769
(0.043)

0.404
(0.082)

1.458
(0.192)

0.50

640

©6)

(1.314)

0.804
(0.050)

0.337
(0.078)

1.179
(0.332)

0.544
(0.884)

-1.997
(0.638)

-0.338
(0.435)

-0.388
(0.206)

1.210
(0.289)

0.53

640

R&D spillovers (RD,*/L) and national government spending per worker (GOVT). All variables are in natural
logarithms. See previous tables for variable definitions. Heteroskedastic-consistent standard errors are in

parentheses.



Table 5. R&D Spillovers and Patent Rights

Dependent Variable:

(1) 2) A3) “4) (5) (6)
RD,/L RD,/L RD,/L RD,/L RD,/L RD,*/L
Constant-5.328 -6.376 -1.786 -5.214 -7.397 -12.76
(0.942) (1.581) (0.863) (0.939) (0.989) (0.389)
RD,/L 0.115 0.125 0.409 0.227 0.096
(0.086) (0.089) (0.047) (0.096) (0.089)
K/L 0.405 0.410 0.412 0.394 0.403
(0.080) (0.079) (0.071) (0.080) (0.068)
K*/L 0.645
(0.018)
PAT -0.082 0.808 0.771 -0.135 2.404
(0.391) (1.306) (0.301) (0.373) (0.118)
RD,*/L 0.708 0.822 0.757 0.729
(0.091) (0.174) (0.075) (0.088)
RD,*/L -0.127 0.321
(0.068) (0.014)
INTER1 -0.102
(0.143)
INTER2 0.301
(0.021)
(1) 0.076
[p-value] [0.783]
Adj. R? 0.53 0.53 0.62 0.53 0.53 0.91
No. of Obs. 640 640 640 640 640 640
Estimation
Method: IV v v v v SUR SUR

Notes: Equations 1 - 4 are estimated by instrumental variables, where the instruments for RD,/L include the stock
of public R&D spillovers (RD,*/L) and national government spending per worker (GOVT). Equations 5 and 6 are
estimated jointly by the method of seemingly unrelated regressions; (1) is the Breusch-Pagan test statistic (with
one degree of freedom) for testing the null hypothesis of independent equations. INTERI is an interaction variable
equal to the product of the log of PAT and the log of RD,*/L, and INTER?2 is the product of the log of PAT and the
log of RD,/L. All variables are in natural logarithms. See previous tables for variable definitions. Heteroskedastic-
consistent standard errors are in parentheses.



Table 6: Interindustry R&D Spillovers - Direct and Indirect Effects - SUR Estimates

A. Direct Effect -- Dependent Variable (RD,/L)

All Sectors
N=640
Food...
N=51

Textiles..
N=48

Wood...
N=39

Printing...
N=42

NonDrug...
N=31

Drug..
N=29

Petro...
N=26

Rubber..
N=43

NonMetals..

N=51

Iron ...
N=43

Const.
-3.552
(1.489)
-3.686
(3.401)

5.781
(6.244)

-29.801
(6.358)

-0.458
(8.952)

-12.275
(1.408)

-17.726
(2.104)

21.416
(4.312)

-3.342
(5.653)

-3.785
(4.387)

-11.229
(2.766)

RD,/L
0416
(0.116)
0.302
(0.170)

-0.123
(0.284)

-1.526
(0.415)

0215
(0.628)

-0.566
(0.091)

-0.335
(0.269)

2.811
(0.303)

-0.418
(0.272)

0.008
(0.259)

-0.403
(0.158)

K/L
0.348
(0.069)
-0.106
(0.191)

-0.406
(0.347)

0.434
(0.228)

0.302
(0.337)

0.042
(0.089)

0.264
(0.104)

0312
(0.078)

0.032
(0.287)

0.063
(0.248)

0.474
(0.182)

RD,*L  PAT COPY
0.406 0362  0.268
(0.112) (0.411)  (0.863)
0.294 0.565  -0.971
(0.112) (0.498)  (0.988)
1.055 -1.877 0439
(0.176) (0.741)  (1.548)
0.463 2390  3.541
(0.303) (0.896)  (2.157)
0.761 5338 -5.114
(0.303) (1.579)  (3.091)
0.722 1.178 2982
(0.098) (0.368)  (0.461)
0.067 3353 -0.716
(0.145) (0.781)  (1.128)
-0.609 -1.910  0.447
(0.294) (0.648)  (1.202)
1.297 20.008 2437
(0.233) (0.706)  (1.343)
0.717 1246 2236
(0.191) 0.797)  (1.692)
1231 0.151  0.196
(0.194) (0.663)  (1.718)

TMARK SOFT  PARA  USTR
-1.258 0503 -0.163  0.946
(0.656) (0.445)  (0.215)  (0.269)
1.051 1379 -1478  0.097
(0.722) (0.502)  (0.261)  (0.309)
-1.658 3484 0522 1213
(1.292) (0.899)  (0.379)  (0.494)
-1.696 0489 1333 3209
(1.920) (0.936)  (0.559)  (0.696)
4812 0919 2422  0.629
(2.624) (1304)  (0.959)  (0.784)
-1.401 1794  1.022 0977
(0.335) (0.269)  (0.163)  (0.194)
1.559 4555 0421 1118
(0.961) (0.650)  (0.537)  (0.477)
-1.275 0322  -3509 1206
(0.880) (1270)  (0.776)  (0.310)
2.127 3917 0467  0.046
(1271) (0.785)  (0.313)  (0.478)
-3.120 1.609  -0316 1295
(1.221) (0.841)  (0.449)  (0.571)
0.158 1026 -0.706 0578
(0.910) 0.927)  (0.372)  (0.469)

R’

0.55
0.82
0.81
0.78
0.38
0.95
0.89
0.95
0.73

0.80

0.85



Table 6 cont’d ../

A. Direct Effect -- Dependent Variable (RD,/L)

NonFerrous..
N=40
Fab Metals..
N=45

Office ..
N=30

Commun...
N=14

Electr...
N=33

Ship..
N=26

Motor Veh..
N=28

Aircraft..
N=24

Const.

-18.374
(3.733)
-9.965

(5.294)

1.655
(1.124)

n/a

(n/a)

-19.245
(2.623)

-27.717
(5.423)

-13.987
(2.366)

-19.936
(4.129)

RD,/L

-0.662
(0.209)
0.380

(0.243)

-0.518
(0.185)

n/a

(n/a)

-0.459
(0.179)

-1.355
(0.391)

1.197
(0.297)

1.381
(0.309)

K/L

0.933
(0.107)
0.845

(0.241)

-0.520
(0.102)

n/a
(n/a)

0.488
(0.175)

0.194
(0.237)

0.252
(0.126)

0.467
(0.235)

RD,*/L PAT COPY
0.840 0.645 -4.475
(0.179) (0.732)  (1.507)
0.117 1.341 -1.639
(0.169) (0.723)  (1.552)
1.946 1.680 -4.653
(0.238) (0.374)  (0.829)
n/a n/a n/a
(n/a) (n/a) (n/a)
0.006 2.689 -4.172
(0.382) (0.854)  (1.085)
1.414 5.970 1.299
(0.389) (1.781) (3.216)
-0.273 -0.209 10.595
(0.221) (0.819) (1.229)
-1.655 -0.669 12.161
(0.253) (0.411)  (1.298)

TMARK SOFT PARA USTR
2.129 0.545 -0.247 0.176
(0.891) (0.796)  (0.371)  (0.407)
-1.144 -0.641 -0.338 -0.479
(1.165) (0.651) (0.432) (0.428)
3.112 -1.821 1.303 -0.558
(0.724) (0.719)  (0.293)  (0.252)
n/a n/a n/a n/a
(n/a) (n/a) (n/a) (n/a)
3.345 3.562 0.150 0.490
(0.791) (0.803) (0.485)  (0.487)
2.483 -1.374 -0.201 -0.325
(2.635) (1.131)  (0.331)  (0.503)
-1.733 5.848 -3.753 -0.445
(0.955) (1.097)  (0.669) (0.402)
-4.637 12.127 3.258 -0.721
(0.743) (1.321)  (0.346)  (0.297)

0.88

0.65

0.95

0.85

0.85

0.84

0.95



Table 6 cont’d ../

B. Indirect Effect -- Dependent Variable (RD,*/L)

All Sectors
N =640
Food...

N =51

Textiles..
N =48

Wood...
N=39

Printing...
N=42

NonDrug...
N=31

Drug..
N=29

Petro...
N=26
Rubber..
N=43

NonMetals..

N=51

Iron ...
N=43

Const.

-7.587
(0.587)
2763

(2.494)

-3.397
(2.166)

-1.766
(2.326)

6.158
(4.286)

-8.385
(2.054)

-9.230
(4.407)

-13.141
(1.374)
-4.432

(2.129)

-4.604
(2.587)

3.695
(2.499)

K*/L

0.482
(0.019)
0.187

(0.136)

0.383
(0.097)

0.051
(0.127)

-0.240
(0.258)

0.409
(0.109)

0.691
(0.188)

0.347
(0.075)
0.249

(0.095)

0.372
(0.127)

-0.169
(0.115)

RD*/L  PAT COPY TMARK  SOFT
0.485 1417 -1.420 0.249 0.409
(0.019) (0.118)  (0.253) (0.177) (0.127)
0.555 1563  -1.722 0.106 0.090
(0.063) (0.407)  (0.927) (0.649) (0.438)
0.658 1176 -2.177 0.051 -0.204
(0.065) (0.396)  (0.858) (0.591) (0.408)
0.411 1383 1212 2.410 0.572
(0.066) (0312)  (0.901) (0.727) (0.386)
0.644 2126 0331 -3.344 -1.362
(0.079) (0.515)  (1.583) (1.553) (0.675)
0.336 1732 -2.139 0.996 1.076
(0.066) (0.409)  (0.607) (0.553) (0.371)
0.552 0110  -1.117 0.401 -0.015
(0.087) (0.502)  (0.719) (1.178) (0.692)
0.098 1496  0.774 1.703 2.991
(0.069) (0.347)  (0.821) (0.523) (0.412)
0.425 1347  -1.384 0.002 0.855
(0.067) (0.319)  (0.730) (0.469) (0.389)
0.571 1.187  -2.010 0.471 0.002
(0.064) (0.414)  (0.908) (0.629) (0.431)
0.418 1328  -2.915 0.033 0.620
(0.064) (0.349)  (0.897) (0.515) (0.371)

PARA  USTR (1)
-0.831 0379 0.101
0.074)  (0.073)
20.996  0.496 0.004
(0.261)  (0.275)
1123 0.363 3.096
(0.239)  (0.296)
0172 1.265 0.001
(0.239)  (0.253)
0418  0.780 1.343
(0.395)  (0.302)
20.832  0.052 0.084
(0.275)  (0.294)
-1.300  -0.702 0.981
(0.514)  (0.513)
21361 0571 0.941
(0.259)  (0.173)
20.504  0.842 0.349
(0213)  (0.225)
21,063 0.434 0.708
(0.259)  (0.313)
20.620  0.446 1.510
(0.226)  (0.226)

0.94

0.92

0.95

0.95

0.90

0.92

0.90

0.95

0.94

0.93

0.91



Table 6 cont’d ../

B. Indirect Effect -- Dependent Variable (RD,*/L)

Const. K*/L RD,*/L PAT COPY TMARK  SOFT PARA  USTR A1) R?
NonFerrous.. -0.728 -0.196 0.487 1.294 0.423 0.319 1.659 -1.777 -0.166 0.135 0.93
N=40 (2.202) (0.138) (0.068) (0.395)  (0.984) (0.534) (0.493) (0.305)  (0.251)
Fab Metals.. -0.726 0.065 0.529 1.444 -2.433 0.354 -0.197 -0.961 0.564 1.380 0.85
N=45 (3.343) (0.182) (0.084) (0.463)  (1.229) (0.693) (0.499) (0.313)  (0.299)
Office .. -8.485 0.452 0.209 0.332 0.763 -0.469 0.903 0.384 0.278 0.039 0.87
N=30 (2.624) (0.087) (0.090) (0.421)  (0.844) (0.705) (0.782) (0.375)  (0.231)
Commun... n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
N=14 (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a)
Electr... -3.138 0.125 0.257 1.249 -1.788 0.221 0.917 0.081 0.873 2.143 0.95
N=33 (1.230) (0.058) (0.042) (0.245)  (0.407) (0.302) (0.245) (0.215)  (0.133)
Ship.. -1.522 0.420 0.496 -0.529 1.409 -3.332 -1.003 -0.669 0.719 1.801 0.95
N=26 (4.005) (0.169) (0.094) (0.642)  (0.901) (1.081) (0.719) (0.158)  (0.255)
Motor Veh.. -14.649 0.695 0.228 0.728 -0.553 1.732 1.406 -0.964 0.458 0.370 0.90
N=28 (3.973) (0.124) (0.135) 0.471)  (0.999) (0.668) (0.720) (0.429)  (0.245)
Aircraft.. -8.046 0.464 0.888 -0.945 1.836 0.599 1.709 -0.369 1.115 0.080 0.95
N=24 (3.053) (0.086) (0.113) 0.477)  (0.540) (0.690) (0.745) (0.237)  (0.188)

Notes:

-- The direct and indirect equations are estimated as a system via the method of seemingly unrelated regressions (SUR).

-- N denotes the number of observations, asterisk (*) the sum of other sectors’ values, and x*(1) the Breusch-Pagan test statistic (with one degree of freedom) for
testing the null hypothesis of independent equations. Heteroskedastic-consistent standard errors are in parentheses.

-- n/a indicates estimate not possible or reliable due to insufficient observations.

-- See previous tables for variable definitions.





