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Abstract

This paper studies the influence of stronger patent protection on technology licensing. Using panel data for the post-TRIPs period 1995-2005, and focusing on developing countries, we are able to correct for any endogeneity biases that may bedevil estimation of this relationship. Employing a more inclusive index of patent protection than hitherto, which better accounts for the enforcement and implementation environment, we find that stronger protection is associated with increased royalty and license fee payments by developing countries, implying greater technology transfer into these countries. The significance of the protection variable is found to be driven by the sub-index of patent coverage, which makes eminent sense in view of the substantial increase in the coverage of patentable subject matter by developing countries post- TRIPs. The economic significance of the protection variable also appears to be substantial, with ceteris paribus changes in this variable accounting for technology inflows of about US $2.5 billion to US $3.2 billion (base year 2000) in the post-TRIPs sample period.
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1. Introduction

In the wake of the Trade Related Intellectual Property rights (TRIPs) agreement of 1994, there has been renewed interest in the influence that intellectual property rights have on various economic phenomena, technology transfer being one of them. In fact, Maskus (2003) points out that Article 7 of the TRIPs agreement mandates that the agreement should also be a vehicle of technology transfer from the more advanced to the less advanced countries, thereby raising productivity and growth. This, in turn, could be instrumental in lowering poverty. The transfer of technology is a rather complex beast and occurs in several different ways – some indirect, such as international trade, foreign direct investment and the movement of personnel, and some direct, such as overseas research and development via affiliates, and licensing. This paper focuses on the influence of stronger property rights on the latter-most mode of technology transfer, namely the licensing of technology.

Technology transfer today is not quite the same phenomenon that it used to be in earlier centuries. With the passage of time, the predominant proportion of technology has come to be concentrated in the hands of multinational corporations, rather than individuals (Scherer and Ross 1990), and the licensing of technology has become an important vehicle of technology transfer between nations. According to World Bank data, the royalty and license fee payments by developing countries totalled almost $27 billion in 2007 (World Bank 2009). Survey evidence reveals, however, that owing to perceptions of weak intellectual property rights in a sample of developing countries, multinationals were hesitant about transferring their frontier technology to those countries (via wholly or partially-owned affiliates), as well as licensing it to unaffiliated firms in those countries (Lee and Mansfield 1996). The question then arises whether the quantum of voluntary technology transfer
 across countries has been responsive to the instrument of intellectual property protection that developing countries have employed, albeit often selectively and idiosyncratically.
1.1 Insights from Theory

Researchers point out, that firms are often unwilling to license their technologies, because that might provide rivals a platform to develop something better (Scherer and Ross 1990). Evidence shows, that the incidence of licensing activity in an industry is negatively related to the ease with which technologies can be copied (Anand and Khanna 2000). In other words, the incidence of licensing by firms is likely to vary positively with the strength of protection, on account of the ‘economic returns effect’ (Yang and Maskus 2001a) – whereby stronger protection limits the risk of imitation by the licensee, increases the licenser’s bargaining power vis-à-vis the licensee, and thereby increases the profitability of licensing. By extension, nations that provide stronger protection are likely to be able to purchase more technology/licenses, ceteris paribus, than those providing relatively weaker protection.

On the other hand, stronger protection may slow down innovation and diminish the pool of technology available for transfer by strengthening the monopoly position of the rights holder (the so-called ‘monopoly power effect’ of Yang and Maskus 2001a), as well as when firms try to preserve market share (Correa 2003), and thereby reduce licensing activity over the longer run. Gallini and Winter (1985) argue that this effect is likely to be more nuanced, and stronger protection need not invariably create monopolies and limit the flow of innovation; indeed, protection would encourage licensing insofar as the licensee can simply imitate the invention provided by a license were it not protected. They show that when the licenser and licensee have similar production costs, the expectation of royalties encourages innovation by the firms; but when their production costs diverge widely, the lower cost firm would license strategically to discourage innovation by its rival firm. To the extent that the former cost structure may obtain in certain industries in the North, licensing between Northern innovating firms in these industries may well result in a larger (not smaller) pool of technology available for transfer. This larger pool can then be licensed to Southern producing firms.

Thus, we find that although the static, partial equilibrium literature analysed above does not address directly the relationship between patent strength and technology licensing, it does imply a positive relationship between stronger protection and technology licensing, barring when the ‘monopoly power effect’ may be too strong. Further, the dynamic general equilibrium literature reports an unambiguous positive relationship between stronger protection and technology licensing, both in the steady state (Yang and Maskus 2001b, Dinopoulos and Segerstrom 2010), as well as in the transition period (Tanaka, Iwaisako and Futagami 2007). 

1.2 Does the evidence match the theory?

The existing empirical evidence, however, is less than convincing in establishing a relationship between technology licensing and the strength of protection, despite claims to the contrary. Although Nicholson (2007) finds a positive significant relationship between the number of US firms engaged in licensing in 1995 and the strength of intellectual property protection in the recipient nations, he cautions that this must be interpreted simply as increasing the number of transactions and not the level of licensing activity. Even this result vanishes when he splits the sample of recipient countries into OECD and non-OECD groups. Branstetter, Fisman and Foley (2006) report that the positive effect of stronger protection is significantly stronger for high patent use firms than for low patent use firms. Park and Lippoldt (2005) find the receipt of license fees by US firms to be strongly affected by intellectual property indices, except when the receipts are from unaffiliated sources. Fosfuri (2002) finds no significant relationship between licensing (as well as other modes of international technology transfer) in the chemical industry, and the strength of intellectual property protection that countries provide.
 Yang and Maskus (2001a) present somewhat complex results – they find a negative relationship between intellectual property protection and licensing for indices of protection below a certain threshold, although above this threshold a positive relationship obtains.
 Smith (2001) reports a weak, positive relationship between licensing abroad by US firms and stronger protection, using a single cross-section for 1989, and the Rapp and Rozek (1990) index of protection.
 Ferrantino (1993) finds that the intellectual property protection variables he uses (membership of intellectual property conventions, and duration of protection) are all insignificant in explaining the flows of royalties and license fees of US multinationals.
 Taken together, these studies present mixed evidence at best that stronger patent protection encourages technology licensing, necessitating further research into this relationship, and that is the object of our study.

Our study improves upon the measures of patent strength, and thereby contributes to the above literature by clarifying the role of patent protection in technology transfer. First, we take account of the fact that the Ginarte-Park index of patent rights,
 a commonly used measure of intellectual property rights in the received literature, is deficient in reflecting the enforcement dimension of intellectual property rights. Despite being a carefully computed index, incorporating several important aspects of patent protection, its coverage of the enforcement dimension is limited to whether or not a country’s laws provide for ‘preliminary injunctions’, ‘contributory infringement’, and ‘burden of proof reversal’. Other aspects of enforcement and implementation, however, are excluded. We correct this deficiency by modifying the index to include several important enforcement-related aspects of intellectual property rights. These aspects encompass facets such as the legal enforcement of contracts, judicial independence, impartial courts, integrity of the legal system, protection of property rights, restrictions on the sale of physical property, and military interference,
 as discussed in section 2.3 below. 

Second, the received empirical literature on this issue treats patent strength as exogenous, and does not adequately address the issue of endogeneity. We focus on developing countries in the post-TRIPs period 1995-2005, not only because this is important by itself, but also because it allows us to treat patent strength as exogenous; for, in the post-TRIPs period, developing countries strengthened their protection of intellectual property under pressure from the developed countries. As discussed in detail in section 2.2 below, the United States and European Union used economic and diplomatic pressures to coerce the developing countries into tightening their intellectual property laws. This strengthening, in other words, was not voluntary, and was therefore exogenous to the phenomenon of developing country technology inflows (and expectations thereof) over this period.
 Therefore, variations in the strength of intellectual property protection in developing countries post-1995 should help identify variations in technology transfer over this period.

Third, we also explore which aspect of intellectual property protection is relatively influential vis-à-vis international technology transfer via licensing. The modified Ginarte-Park index of patent rights that we employ is a simple aggregation of six component sub-indices, relating to various aspects of patent protection – namely coverage of patentable matter, duration of protection, membership of international protection agreements, provisions against the revocation of protection once granted, enforcement provisions, and the enforcement and implementation environment. It is plausible that some of these aspects of patent protection may be more important than the others in explaining international technology transfer via licensing, and their aggregation into one composite index would obfuscate this possibility. To allow for the potential differential influence of the component sub-indices, we also employ the component sub-indices as individual regressors. This makes it possible to gauge which aspect of intellectual property protection is more important for the phenomenon of international technology transfer via licensing.

Using panel data for the period 1995-2005, we find that stronger protection of intellectual property is associated with increased royalty and license fee payments by developing countries, i.e. greater technology transfer into these countries. Our results are robust to the inclusion of country fixed effects, as well as alternative specifications of the model estimated. Re-estimation of the model using the component sub-indices of the protection variable reveals that the overall statistical significance of the protection variable is driven by the sub-index of coverage. This is cogent in view of the substantial increase in coverage of the patentable subject matter by developing countries, subsequent to the TRIPs agreement. Other factors that we find significant for technology licensing turn out to be the market size/scale of activity variables such as per capita income and population, as well as human capital and trade openness of the technology-importing countries. 
We also found the index of protection to be strongly economically significant, with changes in this variable accounting for developing country technology inflows worth about US $2.5 billion to US $3.2 billion (base year 2000) in the post-TRIPs sample period. These magnitudes constitute about 2.6% to 3.3% of the total value of technology transfer into developing countries over the sample period.

Section 2 sketches out the empirical strategy adopted in this study, and sets out the details of the measurement of the causal variable. Section 3 discusses the construction of the other variables of the models estimated, as well as the data set. Section 4 reports and evaluates the detailed empirical results, and section 5 briefly concludes.
2. Empirical Strategy

2.1 The Model Specification

We hypothesize that technology transfer into developing countries (represented by royalty and license fees paid by these countries) is determined by the strength of intellectual property protection that these countries provide. Countries that provide stronger protection (as reflected by observable laws) may, reasonably, be expected to be the ones to which more technology is made available, resulting in larger royalty and license fee payments. Thus, royalty and license fee payments are made for the right to use various kinds of intellectual property such as patents, trademarks, copyrights, industrial designs, utility models, and technical instructions, and there exist a variety of arrangements to do so (Gutterman 1995).

As is well-understood, technology transfer is determined by other country-related, time-varying factors as well. Thus, the size and level of development of the economy (captured by per capita income and population), the capacity to absorb foreign technology (represented by the stock of human capital), trade openness of the economy, and economic freedom, are factors that vary across countries and over time, partially explaining the differences in technology transfer across these countries over any given time span. Omitting these factors, and concentrating solely on the protection variable, would yield biased estimates of the influence of the protection variable on technology transfer.

In addition to the above factors, countries also vary systematically in several other dimensions as well; differences that tend to persist, or are relatively unvarying, over long spans of time. This set of variables can be quite diverse, including (unobservable) factors pertaining to the enforcement of legislation (including intellectual property laws), factor endowments, attitudes to work, whether colonized in the ‘recent past’ (and hence characterized by certain long-term advantages or disadvantages) etc., and spelling them out in totality is not quite possible. Since they vary relatively little over long time intervals, they are picked up by country fixed effects. In our specific context, some of these differences might be less important than they might appear in theory, given that our sample pertains to developing countries only and is, hence, relatively homogeneous.

Then there are factors that are common across countries for a given time period, but change over time. The global financial and economic climate, the international financial architecture, global economic shocks etc., are factors that fall in this category. They may be presumed to impinge on different countries in similar fashion, but vary in intensity and prevalence over time for all of these countries.

In view of the diverse categories of factors relevant for the phenomenon of technology transfer, we may express the relationship of interest as follows:
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 is the random error term for country i in year t.
2.2 A Case for the Exogeneity of the IP variable

For this estimation to be convincing requires that the index of protection variable IP be exogenous, which would mean that the strength of intellectual property protection provided by the sample nations should not have been motivated by technology transfer into these nations. This is presumably true of the post-TRIPs period, wherein developing countries were forced to strengthen their protection of intellectual property as per the TRIPs agreement of 1994.
 This strengthening of intellectual property protection was forced upon these countries by the developed nations, after prolonged negotiations ending in the World Trade Organization (WTO) agreement of 1994, of which the TRIPs agreement was a part. Thus, Drahos (2002) in his study of international intellectual property standard-setting observes that “… developing countries have comparatively little influence …”, the major cause of which “lies in the continued use of webs of coercion by the US and EU, both of which remain united on the need for strong global standards of intellectual property protection”.
By all accounts, the developing countries stiffly resisted having to strengthen their protection of intellectual property, partially evidenced by the fact that the Uruguay round of trade negotiations under the GATT dragged on for some eight years; for they feared decreased access to technology inflows via imitation, and higher prices of the products using protected technology, in particular pharmaceuticals and agriculture. To break this stand-off, certain developed countries used strong economic and diplomatic pressures to make the developing countries cede their position (Deere 2009, Drahos 2002, Watal 2001). Thus, right through the 1980s and early-1990s, the United States used various provisions of its 1974 Trade Act to push its intellectual property agenda in the GATT. Section 301 of the Trade Act allowed it to withdraw trade benefits and impose duties on imports from non-complying countries. Similarly, the Generalized System of Preferences (GSP) programme was amended to introduce ‘adequate intellectual property protection’ as one of the criteria necessary for eligibility of GSP treatment, i.e. preferential duty-free exports to the United States. Furthermore, the ‘Special 301’ provisions allowed it to place on the ‘Watch List’ or ‘Priority Watch List’ (for punitive action) countries that were in the vanguard of the resistance to the US proposals on intellectual property.
Drahos (2002) notes that the European Union also enacted similar laws – for instance, the so-called Council Regulation 264/84 – which, however, were sparingly used against the developing countries, because the EU could not muster the adequate consensus. Commenting on the possibility of collapse of the GATT negotiations on intellectual property on account of resistance from the developing countries, the then United States trade representative is quoted by Drahos (2002) as saying that “… there are a number of consequences to failure. First will be an increase in bilateralism. For those of you who think bilateralism is a bad thing, a bad thing will have come about”. This was nothing if not a veiled threat to the developing countries which had dug in their heels. The signing of the TRIPs agreement and the subsequent strengthening of intellectual property rights by the developing countries was, thus, determined by exogenous pressure, and was not a result of actual or expected changes in technology inflows.
2.3 Measuring the Strength of Protection

The main regressor of interest is the strength of intellectual property protection in a given country, which we denoted as IP in the model set out above. To construct this variable for the estimation exercises, we begin with the Ginarte-Park index of patent rights IPGP (Ginarte and Park 1997, Park 2008). This index uses several objective criteria to manifest the strength of protection that a nation provides. More precisely, it considers five aspects of patent laws – extent of coverage (or the matter that can be patented), duration of protection (or the number of years of protection), membership of certain international intellectual property rights covenants (such as the Paris convention, Berne convention and others),
 provisions to prevent the revocation of patent rights once granted (for instance, through compulsory licensing on moral or health grounds), and certain enforcement mechanisms (such as preliminary injunctions, contributory infringement, and burden of proof reversal). For each of these five aspects a country is given a score ranging from 0 to 1, a larger score indicating stronger protection in that aspect. This gives us five sub-indices – the index of coverage (ICOV), the index of duration (IDUR), the index of membership (IMEM), the index of provisions against potential revocation (IREV), and the index of enforcement (IENF). The overall Ginarte-Park index IPGP is the aggregate of these five sub-indices, and so it ranges from 0 to 5, higher values indicating stronger patent protection.


However, the Ginarte-Park index is criticized for not paying adequate attention to the enforcement aspects of intellectual property protection, in particular to the efficacy of implementation across countries. Thus, this index considers only three aspects of enforcement – provisions for preliminary injunctions, contributory infringement, and burden of proof reversal – whereas many other aspects ought to be considered to effectively reflect the efficacy of enforcement and implementation of the protection laws. We address this concern by modifying the Ginarte-Park index appropriately, in the following manner. We first take the ‘Area 2’ sub-index computed by Gwartney, Lawson and Norton (2008), which captures several additional aspects of the enforcement environment in a country, such as the legal enforcement of contracts, judicial independence, impartiality of courts, integrity of the legal system, protection of property rights, restrictions on the sale of physical property, and military interference.
 This sub-index ranges from 1 to 10, with larger values indicating stronger protection of rights. Since each of the sub-indices underlying the Ginarte-Park measure range between 0 and 1, as noted in the previous paragraph, we re-scale the ‘area 2’ sub-index to lie between 0 and 1 as well. In other words, the ‘area 2’ sub-index, say A2, maps on to the modified index, say A2MOD. The re-scaling is done in a manner to ensure that the endpoints of A2 map onto the endpoints of A2MOD, and the ordering of countries on the basis of the original sub-index A2 is preserved by the new sub-index A2MOD. One way of doing this is via a linear mapping, in which case it is easy to show that the modified sub-index may be derived from the original sub-index using the relationship:
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We then add the sub-index A2MOD, which we call the supplementary index of enforcement environment, to the original Ginarte-Park index IPGP, to derive the modified Ginarte-Park index of patent rights. This index is used in lieu of IP in equation (1) above. It varies from 0 to 6, with larger values indicating stronger protection as before.

3. The Other Variables and the Data Set
Data on royalty and license fees paid by countries were extracted from World Development Indicators (World Bank 2009), for the post-TRIPs years 1995, 2000 and 2005. Quinquennial data were used, because data on the causal variable of interest – the index of intellectual property protection – were available quinquennially (see below for details). The ‘royalty and license fees payment’ figures for each country were deflated by the corresponding GDP deflator (base year 2000), to derive the regressand. RLFP.

The causal variable of interest, the modified Ginarte-Park index of patent rights in the technology-importing developing country IP, has already been discussed above. It is available quinquennially, because the underlying Ginarte-Park measure is quinquennial (Ginarte and Park 1997, Park 2008).

Several other country-related, time varying factors are relevant in the present context, factors that we represented by vector Z1 in equation (1) above. The market size of the economy is one such factor. Thus, the larger the economy in terms of the goods and services it produces, the larger its technology needs and the larger, ceteris paribus, its demand for technology imports. The market size of the economy was captured by a country’s per capita GDP at constant 2000 prices (GDPPC), and population (POP). These data were taken from the World Development Indicators (World Bank 2009).
The purchase of foreign technology, whether for production purposes or as an input into the domestic innovation process, will also depend on the importing country’s capacity to absorb it (Nelson and Phelps 1966); and this capacity is likely to be determined by its human capital base. Thus, countries with relatively more human capital tend to innovate more (Romer 1990), requiring larger imports of complementary foreign-technology inputs. Further, given that in certain skills (e.g. communications) the returns are higher if others are also skilled, increases in human capital tend to induce higher rates of investment (Barro 1991), which might be associated with larger technology imports. Human capital (ENROL) is defined as the average gross enrollment rate in secondary and tertiary education in the technology-importing developing countries, and these data were available from World Development Indicators (World Bank 2002, 2009).

How much technology is transferred across borders will also depend upon whether this is feasible or actively discouraged using various instruments. We capture this feasibility in terms of the openness of the economy to trade and investment from abroad. While none of the competing measures of openness available in the literature are entirely satisfactory, we use the ‘freedom to trade’ sub-index computed by Gwartney, Lawson and Norton (2008). This sub-index incorporates various aspects of trade openness such as taxes on international trade, regulatory trade barriers (including non-tariff barriers), black market exchange rates, as well as international capital market controls. We christen this sub-index the trade openness index (TOI), which ranges from 1 to 10, with higher values indicating freer trade. 

The extent of economic freedom in a country would be another factor of relevance to the feasibility of technology imports. One would suppose that the more interventionist the government and the more controls it imposes on economic activity, the more difficult would be international transactions, including those relating to the purchase of technology. We compute the economic freedom index (EFI) as the average of the ‘size of government’ and ‘regulation of credit, labour and business’ sub-indices constructed by Gwartney, Lawson and Norton (2008). These sub-indices incorporate aspects such as government consumption as a proportion of total consumption, transfers and subsidies as a proportion of gross domestic product, state investment as a proportion of total investment, number and share of output supplied by state enterprises, top marginal income tax rates corrected for threshold income, and various facets of regulations in the credit market, labour market and on business. This index varies from 1 to 10, with higher values implying greater economic freedom.

The descriptive statistics pertaining to the regressand and regressors discussed above are presented in Table 1. The table reveals that the modified Ginarte-Park index of intellectual property protection for our sample countries rose substantially by more than 27% over the period 1995-2000, and by more than 10% over the subsequent quinquennial period 2000-2005. At the same time, the average royalty and license fee payments by our sample of developing countries increased by a remarkable 69% during the initial five-year period and a relatively smaller 43% over the subsequent five-year period. The percentage changes in the deflated average payments are not radically different. This observation, of course, does not establish any concrete relationship between these two variables, and for that we require more formal analysis.

4. Empirical Results

The correlation between the logarithm of RLFP, the regressand, and the logarithm of IP, the causal variable, is a healthy 0.53, suggesting a positive relationship between technology transfer to developing countries and the strength of intellectual property protection; and this observation is supported by the scatter plot in Figure 1. With these preliminary observations, we proceed to the estimation results, where all variables are in logarithmic terms.
4.1 Does the level of protection explain technology licensing to developing countries?

In presenting the random effects regression results in Table 2, we follow the well-established procedure of starting out with the ‘base model’, and proceeding to the ‘full model’. In all the reported regressions we find that the hypothesis that the regressand is randomly determined is strongly rejected, the associated p-values being 0 in all cases. The ‘base model’ result of column (1) shows that the index of protection variable is positive and very strongly significant at the 1% level. These results, however, are likely to be subject to considerable omitted variable bias, and so we introduce the relevant control variables in the subsequent regressions. The addition of GDP per capita in the column (2) regression results in a considerable change in the coefficient of the IP variable. Both regressors exercise a positive and strongly significant influence on the dependent variable. Supplementing the demand side variable by population in the column (3) regression further reduces the magnitude of the coefficient of the IP variable. All three regressors are, however, found to exert a strong positive effect on technology transfer. Inclusion of the human capital variable ENROL does not change the qualitative picture; the coefficient of the IP variable in column (4) remains positive and significant, although it settles around 0.7. The human capital variable is found to have a strongly positive effect on the dependent variable, as one would expect. The other variables also continue to have a positive and significant effect on the regressand. The trade openness index TOI included in the column (5) regression does not disturb the earlier results, and all regressors are found to be positive and strongly significant. Finally, the column (6) regression is also in line with the earlier results – the coefficient of the IP variable continues to be around 0.7, and all variables have a positive and strongly significant effect on the dependent variable, except the economic freedom index EFI which is statistically insignificant. An F-test reveals the joint insignificance of the year fixed effects, the associated p-value being 0.061, and these are therefore omitted from the ‘full’ regression. As indicated at the bottom of the table, all regressions allow for clustering at the cross-section or country level. 

Given the panel nature of our data, where the cross-section units may differ from each other on many counts other than explicitly accounted for by the control variables, one may want to repeat the above estimations using country fixed effects. The results of this exercise are presented in Table 3. Instead of discussing the results of each of the regressions individually, it would suffice to note that the index of protection variable IP is strongly significant right through, with its coefficient settling around 0.9 in the ‘full’ model. However, the only other variables that are statistically significant, and weakly so using a one-tail test, are population POP and the trade openness index TOI; despite the fact that the hypothesis that all the regressors are jointly zero is strongly rejected for all the regressions. Once again, the year fixed effects are found to be jointly insignificant (p-value 0.0503), and are omitted from the ‘full’ regression. Further, a Hausman specification test comparing the ‘full’ fixed effects regression (column 6, Table 3) with the ‘full’ random effects regression (column 6, Table 2) does not reject the null hypothesis that the difference in coefficients is systematically insignificant, the associated p-value being 0.648. 
One is not too surprised at the insignificance of the control variables in the Table 3 regressions, for the fixed effects estimator uses only the ‘within-variation’, and totally ignores the ‘between-variation’. In our context, with data for only three time points, the ‘within-variation’ is likely to be very small, leading to mostly insignificant coefficients. This, by itself, could be one reason for preferring the random effects results.  Further, recall that the intellectual property protection variable was computed on the basis of a small number of factors relating to patent protection and, by definition, omits various other aspects of protection that may be important. To the extent that these omitted factors vary persistently across countries, fixed effects estimation implies that they are omitted from estimation, thereby weakening the signal to measurement error ratio. Moreover, as noted earlier, the case for fixed effects estimation is perhaps weaker in our context, because our sample is relatively homogeneous insofar as it comprises developing countries only. In other words, there are multiple reasons for preferring the random effects results obtained. In any case, even the fixed effects results are found to be supportive of the random effect results as regards the significance of the IP variable vis-à-vis technology transfer into developing countries via licensing.
4.2 Economic significance

Although the random effects results appear relatively preferable on several grounds, we will use the coefficient estimates of the IP variable from both the random and fixed effects ‘full’ regressions [i.e. Table 2, column (6); and Table 3, column (6)], to determine the economic significance of the IP variable vis-à-vis technology transfer into developing countries. These coefficients were found to be about 0.7 and 0.9, respectively. This implies that a 1% ceteris paribus change in the index of protection is likely to raise technology transfer via licensing by about 0.7% to 0.9% per period, post-TRIPs. Note that this effect (of a 1% change in the regressor leading to a certain percentage change in the regressand) is independent of the length of period, as long as both percentage changes refer to the same time period. For the illustration below, therefore, we take it to hold for each year of a quinquennium. 
Given that the royalty and license fees paid by developing countries in 2000 (the mid-year of our sample period) was about $8.85 billion at 2000 prices, the coefficients mentioned in the previous paragraph translate to an increase in the value of technology transfer by about $62 million using the random effects estimate, and about $80 million using the fixed effects estimate, in the year 2000. Over the post-TRIPs sample period 1995-2005, the index of protection for our sample of developing countries increased from 2.526 to 3.543, or by about 40.3%. This implies that the value of technology transfer into developing countries on account of the strengthening of intellectual property rights was about US $2.5 billion to US $3.2 billion (base year 2000), in the post-TRIPs period 1995-2005. These flows constitute about 2.6% to 3.3% of the total value of technology transfer into developing countries (i.e. as a percentage of the total royalty and license fees paid by these countries, at 2000 prices), over the sample period 1995-2005. These are rather substantial figures, and strongly support the contention that changes in the strength of protection may have a very significant effect on the licensing of technology to developing countries. Furthermore, the actual inflows on account of the strengthening of intellectual property protection might be even larger, considering that the dependent variable may not have completely adjusted to the change in the causal variable over the sample period in question, and the adjustment may have been completed or is likely to be completed only in the post-sample period. 
4.3 Some robustness checks: Using alternative regressors
In this section we discuss the results of some robustness checks conducted on the exercises reported in section 4.1 above. Columns (1) and (2) of Table 4 report the random and fixed effects estimation results, respectively, for the ‘full’ regressions, substituting manufacturing value added per capita (MVAPC) in lieu of GDP per capita (GDPPC). This may be defended on grounds that most technology transfer, particularly of the kind that requires royalty and license fee payments, occurs in the manufacturing sector. We find that this does not make any substantive difference to the results reported in section 4.1. As before, the IP variable exhibits a strongly significant positive effect both in the random effects regression of column 1, as well as the fixed effects regression of column 2. Again, as for the control variables, barring the economic freedom variable EFI all the other regressors are strongly positive in the random effects regression of column 1, whereas in the fixed effects regression of column 2 only the manufacturing value added variable MVAPC is significant.

Columns 3 and 4 of Table 4 present the random effects and fixed effects results, respectively, of the full model, replacing the human capital variable ENROL by the alternative literacy variable LIT. The results, again, are pretty much in line with those presented in section 4.1. The intellectual property protection variable IP is positive and strongly significant in both regressions. In the random effects regression of column (3), the economic activity variables GDPPC and POP, and the trade openness variable TOI are all strongly positively significant as well, whereas the literacy variable exhibits only a weak positive effect on the regressand. In the fixed effects regression of column (4), of the controls only the literacy and trade openness variables are weakly positively significant, for the latter using a one-tail test.

The economic significance of the IP variable is also roughly the same as what we demonstrated earlier in section 4.2, given that the coefficient of this variable is about 0.8 in the random effects specifications of columns (1) and (3), and about 0.9 in the fixed effects specifications of columns (2) and (4),
4.4 What drives the overall IP result?: Disaggregating the IP index

As explained in section 2.3, the index of protection variable IP that we employ has been computed using six sub-indices – the index of coverage ICOV, the index of duration IDUR, the index of membership IMEM, the index of provisions against revocation IREV, the index of enforcement IENF, and the supplementary index of the enforcement and implementation environment A2MOD. The question of interest then is whether all of these sub-indices (i.e. all the various facets of intellectual property protection) are driving the results that we found above vis-à-vis the index of protection variable IP, or whether only a sub-set of these indices (i.e. only some specific aspect of intellectual property protection) is the motive force. 
To address this issue, we repeated the estimations using all six sub-indices underlying the protection variable in place of variable IP itself, and these results are reported in Tables 5 and 6. From the random effects results reported in Table 5, we note that in the column 1 regression the index of coverage ICOV has a positive, strongly significant effect on the transfer of technology into developing countries via licensing. In addition, the index of enforcement IENF also exercises a strong positive influence on the regressand, and the index of duration IDUR a weak positive effect using a one-tail test. Of course, this regression is likely to be subject to omitted variable bias, to remedy which we add the control variables in the regressions presented in the adjoining columns. In the column 2 regression ICOV continues to exert a positive, though weakly significant influence on the dependent variable; and IDUR continues to be weakly positive using a one-tail test. The economic activity variable GDP per capita exhibits a very strong positive effect on technology transfer into developing countries. In the column 3 regression, ICOV is strongly positive, while IDUR is weakly positive using a one-tail test as before. Both GDPPC and POP are found to have positive and very strongly significant coefficients. The picture is unchanged in the column 4 regression, where the added regressor ENROL is also found to exert a strong positive effect on the y-variable. Adding the trade openness index in the column 5 regression does not alter the picture very much, except that IDUR is now no longer even weakly significant. Finally, adding the economic freedom index EFI in column 6 again does not alter anything much – the index of coverage ICOV is still strongly positive, both the economic activity variables GDPPC and POP are also positive and strongly significant, and so is the human capital variable ENROL, whereas the trade openness index TOI is only weakly positively related to the dependent variable. The year fixed effects are found to be jointly insignificant in the ‘full’ regression of column (6), with a p-value of 0.113, and are omitted from the regression. From this set of regressions, it appears that the statistical significance of the IP variable that we noted above is driven by the index of coverage ICOV for the most part, and perhaps by the index of duration IDUR to a small extent. This makes good sense, since in the post-TRIPs period the developing countries increased their levels of protection by expanding, for instance, the coverage of their protection laws to allow patents in the areas of pharmaceuticals and chemicals, as well as agriculture. Further, these countries also increased the duration of protection to a uniform 20 years, as per the TRIPs agreement.

Proceeding to the fixed effects results in Table 6, we note that the base regression of column (1) shows only ICOV to have a positive and strongly significant effect on the dependent variable, whereas IDUR is positive and only weakly significant using a one-tail test. The successive addition of the control variables GDPPC, POP, and ENROL in columns (2), (3) and (4) do not change this result. The further addition of TOI and EFI in columns (5) and (6) also produce results in line with those we found earlier – the index of coverage ICOV continues to be the only significant protection variable, and of the control variables, only TOI  is weakly significant using a one-tail test. Once again, the year fixed effects in the full model are found to be statistically insignificant at the 5% level, the associated p-value being 0.082, and are dropped from the model estimated. Thus, the fixed effects results support the random effects results discussed in the previous paragraphs, in that the significance of the IP variable is driven by the index of coverage ICOV.
5. Conclusions

The Trade Related Intellectual Property rights agreement of 1994 generated much interest in the influence that stronger protection is conjectured to have on various economic phenomena. In this paper we study the influence of stronger intellectual property protection on technology transfer into developing countries via licensing. Using panel data for the post-TRIPs period 1995-2005, we find that stronger protection is associated with increased royalty and license fee payments by developing countries, implying greater technology transfer into these countries. This result is robust to the inclusion of country fixed effects, as well as alternative specifications of the model estimated. Use of the component sub-indices constituting the protection variable in lieu of the aggregate protection variable, reveals that the strong overall statistical significance of the protection variable is driven by the sub-index of coverage. This makes eminent sense in view of the substantial increase in coverage of the patentable subject matter by developing countries, subsequent to the TRIPs agreement. Other variables that one might consider with profit are the market-size/scale-of-activity variables such as per capita income and population, as well as human capital and trade openness of the technology-importing countries. The economic significance of the modified protection variable also appears to be substantial, with changes in this variable accounting for developing country technology inflows of about US $2.5 billion to US $3.2 billion (base year 2000) in the post-TRIPs sample period. These magnitudes comprise 2.6% to 3.3% of the total real value of developing country technology inflows over our sample period. Overall, these results are noteworthy.
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Figure 1: Scatterplot of Ln RLFP against Ln IP
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	Table 1: Descriptive Statistics for the Data Set – Means and Standard Deviations

	
	
	
	
	

	
	
	
	
	Full Period

	Variable*
	1995
	2000
	2005
	1995-2005

	Royalties and License Fee Payments
	7.27e+07
	1.23e+08
	1.76e+08
	1.24e+08

	
	(1.50e+08)
	(2.54e+08)
	(3.71e+08)
	(2.75e+08)

	Index of Protection
	2.526
	3.214
	3.543
	3.095

	
	(0.750)
	(0.854)
	(0.771)
	(0.894)

	Index of Coverage
	0.367
	0.556
	0.606
	0.509

	
	(0.183)
	(0.230)
	(0.198)
	(0.228)

	Index of Duration
	0.892
	0.948
	0.971
	0.937

	
	(0.177)
	(0.096)
	(0.075)
	(0.127)

	Index of Membership
	0.387
	0.524
	0.573
	0.495

	
	(0.183)
	(0.187)
	(0.203)
	(0.206)

	Index of Revocation
	0.215
	0.322
	0.415
	0.317

	
	(0.290)
	(0.300)
	(0.260)
	(0.294)

	Index of Enforcement
	0.230
	0.437
	0.519
	0.395

	
	0.308
	(0.361)
	(0.322)
	(0.351)

	Supplementary Index of Enforcement Environment
	0.437
	0.427
	0.460
	0.441

	
	(0.135)
	(0.153)
	(0.140)
	(0.142)

	GDP per capita
	1940.053
	2119.171
	2326.721
	2128.648

	
	(2292.635)
	(2545.991)
	(2730.092)
	2515.330

	Population
	48368.940
	53194.130
	58049.180
	53204.090

	
	(137647)
	(150585)
	(163937)
	(150025)

	Manufacturing Value Added per capita
	6.23e+10
	7.41e+10
	8.89e+10
	7.51e+10

	
	(1.21e+11)
	(1.45e+11)
	(1.72e+11)
	(1.47e+11)

	Enrollment
	28.079
	34.814
	40.000
	34.298

	
	(16.581)
	(20.494)
	(21.549)
	(20.116)

	Literacy
	69.864
	73.800
	76.969
	73.544

	
	(23.353)
	(21.410)
	(19.692)
	(21.574)

	Trade Openness Index
	6.326
	6.492
	6.328
	6.382

	
	(1.225)
	(1.027)
	0.850
	(1.040)

	Economic Freedom Index
	5.742
	6.068
	6.421
	6.077

	
	(1.331)
	(1.234)
	(0.963)
	(1.209)

	
	
	
	
	

	Notes: *Untransformed variables (i.e. not in logarithms). Standard deviations are in parentheses below the corresponding means.

             Units of variables are: Royalty and License Fee Payments ($), Index of Protection (index), Index of Coverage (index),
              Index of Duration (index), Index of Membership (index), Index of revocation (index), Index of Enforcement (index),
              Supplementary Index of Enforcement Environment (index), GDP per capita ($), Population (‘000), 
              Manufacturing Value Added per capita ($), Enrollment (%), Trade Openness Index (index), 
              Economic Freedom Index (index).
              The sample countries are: Angola, Argentina, Bangladesh, Benin, Bolivia, Botswana, Brazil, Cameroon, Chile, 

              Colombia, Costa Rica, Cyprus, Dominican Republic, Ecuador, Egypt, El Salvador, Ethiopia, Guyana, Honduras, India,
              Ivory Coast, Jamaica, Kenya, Madagascar, Malawi, Mali, Mexico, Morocco, Niger, Pakistan, Panama, Paraguay, Peru, 
              Philippines, Rwanda, Senegal, South Africa, Tanzania, Thailand, Togo, Tunisia, Turkey, Uruguay, Venezuela, Zambia.

	
	
	
	
	


	Table 2: The Effect of Intellectual Property Protection on International Licensing of Technology
              Random Effects Regressions: Dependent Variable – Ln RLFP

	
	
	
	
	
	
	

	Regressor
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Ln IP
	1.899***
	1.390***
	1.036***
	0.728**
	0.611**
	0.667**

	
	(0.221)
	(0.196)
	(0.228)
	(0.315)
	(0.251)
	(0.265)

	Ln GDPPC
	
	1.104***
	1.347***
	0.903***
	0.806***
	0.794***

	
	
	(0.220)
	(0.139)
	(0.249)
	(0.262)
	(0.262)

	Ln POP
	
	
	0.879***
	0.825***
	0.888***
	0.887***

	
	
	
	(0.143)
	(0.126)
	(0.121)
	(0.121)

	Ln ENROL
	
	
	
	0.876**
	0.828**
	0.870**

	
	
	
	
	(0.391)
	(0.377)
	(0.381)

	Ln TOI
	
	
	
	
	1.964**
	1.926**

	
	
	
	
	
	(0.882)
	(0.895)

	Ln EFI
	
	
	
	
	
	–0.249

	
	
	
	
	
	
	(0.365)

	Intercept
	14.323***
	7.135***
	–2.702
	–1.612
	–4.866**
	–4.418*

	
	(0.405)
	(1.502)
	(1.872)
	(1.789)
	(2.101)
	(2.337)

	
	
	
	
	
	
	

	Country fixed effects
	No
	No
	No
	No
	No
	No

	HAC standard errors
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	P-value (all slopes 0)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	P-value (year fixed effects 0)
	
	
	
	
	
	0.061
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	0.270
	0.471
	0.717
	0.751
	0.768
	0.766

	N
	135
	135
	135
	135
	135
	135

	
	
	
	
	
	
	

	Note: Standard errors are reported in parentheses below the regression coefficients

          HAC refers to heteroscedasticity and autocorrelation-consistent standard errors

          ***, **, and * denote significance at the 1%, 5% and 10% levels

	
	
	
	
	
	
	


	Table 3: The Effect of Intellectual Property Protection on International Licensing of Technology
              Fixed Effects Regressions: Dependent Variable – Ln RLFP

	
	
	
	
	
	
	

	Regressor
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Ln IP
	1.615***
	1.483***
	1.131***
	1.084***
	0.920**
	0.921**

	
	(0.206)
	(0.222)
	(0.233)
	(0.244)
	(0.329)
	(0.350)

	Ln GDPPC
	
	0.503
	–0.217
	–0.351
	–0.724
	–0.698

	
	
	(0.643)
	(0.805)
	(0.877)
	(0.916)
	(1.027)

	Ln POP
	
	
	1.938
	1.516
	1.821
	1.820

	
	
	
	(1.190)
	(1.179)
	(1.349)
	(1.360)

	Ln ENROL
	
	
	
	0.370
	0.445
	0.453

	
	
	
	
	(0.563)
	(0.595)
	(0.618)

	Ln TOI
	
	
	
	
	1.799
	1.797

	
	
	
	
	
	(1.140)
	(1.145)

	Ln EFI
	
	
	
	
	
	–0.056

	
	
	
	
	
	
	(0.637)

	Intercept
	14.628***
	11.249**
	–2.111
	1.757
	–1.962
	–2.049

	
	(0.222)
	(4.390)
	(9.295)
	(10.155)
	(11.852)
	(11.812)

	
	
	
	
	
	
	

	Country fixed effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	HAC standard errors
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	P-value (all slopes 0)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	P-value (year fixed effects 0)
	
	
	
	
	
	0.0503
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	0.215
	0.212
	0.230
	0.229
	0.261
	0.255

	N
	135
	135
	135
	135
	135
	135

	
	
	
	
	
	
	

	Note: Standard errors are reported in parentheses below the regression coefficients

          HAC refers to heteroscedasticity and autocorrelation-consistent standard errors

          ***, **, and * denote significance at the 1%, 5% and 10% levels

	
	
	
	
	
	
	


	Table 4: The Effect of Intellectual Property Protection on International Licensing of Technology – Some Robustness Checks
               Random and Fixed Effects Regressions: Dependent Variable – Ln RLFP

	
	
	
	
	

	Regressor
	(1a)
	(1b)
	(2a)
	(2b)

	
	Random effects
	Fixed effects
	Random effects
	Fixed effects

	Ln IP
	0.851**
	0.891**
	0.785***
	0.940***

	
	(0.276)
	(0.363)
	(0.239)
	(0.338)

	Ln MVAPC
	0.683***
	1.151**
	
	

	
	(0.211)
	(0.565)
	
	

	Ln GDPPC
	
	
	1.065***
	–0.507

	
	
	
	(0.221)
	(1.058)

	Ln POP
	0.738***
	1.280
	0.939***
	1.496

	
	(0.130)
	(1.206)
	(0.127)
	(1.481)

	Ln ENROL
	0.874**
	0.350
	
	

	
	(0.360)
	(0.564)
	
	

	Ln LIT
	
	
	0.889*
	1.376*

	
	
	
	(0.484)
	(0.833)

	Ln TOI
	1.641*
	1.311
	1.824**
	1.635*

	
	(0.951)
	(1.172)
	(0.852)
	(1.093)

	Ln EFI
	–0.576
	–0.593
	–0.024
	0.095

	
	(0.399)
	(0.746)
	(0.432)
	(0.688)

	Intercept
	–4.564**
	–13.045
	–8.113***
	–4.243

	
	(2.328)
	(10.674)
	(2.192)
	(11.698)

	
	
	
	
	

	Country fixed effects
	No
	Yes
	No
	Yes

	HAC standard errors
	Yes
	Yes
	Yes
	Yes

	P-value (all slopes 0)
	0.000
	0.000
	0.000
	0.000
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	0.756
	0.273
	0.740
	0.267

	N
	135
	135
	135
	135

	
	
	
	
	

	Note: Standard errors are reported in parentheses below the regression coefficients

          HAC refers to heteroscedasticity and autocorrelation-consistent standard errors

          ***, **, and * denote significance at the 1%, 5% and 10% levels

	
	
	
	
	


	Table 5: The Effect of Intellectual Property Protection (Components) on International Licensing of Technology
              Random Effects Regressions: Dependent Variable – Ln RLFP

	
	
	
	
	
	
	

	Regressor
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Ln ICOV
	3.663**
	2.827*
	2.813**
	2.580**
	2.453**
	2.498**

	
	(1.629)
	(1.630)
	(1.381)
	(1.203)
	(1.102)
	(1.100)

	Ln IDUR
	2.042
	2.188
	2.147
	2.127
	1.063
	1.060

	
	(1.582)
	(1.488)
	(1.663)
	(1.620)
	(1.503)
	(1.514)

	Ln IMEM
	–1.158
	–0.636
	–1.001
	–0.912
	–0.903
	–0.919

	
	(1.221)
	(1.109)
	(0.974)
	(0.916)
	(0.880)
	(0.874)

	Ln IREV
	0.331
	–0.179
	–0.368
	–0.661
	–0.295
	–0.264

	
	(0.589)
	(0.622)
	(0.564)
	(0.562)
	(0.563)
	(0.548)

	Ln ENF
	1.008*
	0.585
	0.110
	–0.242
	–0.158
	–0.161

	
	(0.511)
	(0.546)
	(0.477)
	(0.488)
	(0.474)
	(0.472)

	Ln A2MOD
	2.130
	0.140
	–0.025
	0.306
	–0.016
	0.199

	
	(1.336)
	(1.231)
	(1.013)
	(1.182)
	(1.126)
	(1.279)

	Ln GDPPC
	
	1.073***
	1.344***
	0.875***
	0.783***
	0.767***

	
	
	(0.223)
	(0.155)
	(0.246)
	(0.266)
	(0.272)

	Ln POP
	
	
	0.892***
	0.841***
	0.893***
	0.894***

	
	
	
	(0.167)
	(0.140)
	(0.139)
	(0.138)

	Ln ENROL
	
	
	
	0.980***
	0.875**
	0.907**

	
	
	
	
	(0.374)
	(0.373)
	(0.393)

	Ln TOI
	
	
	
	
	1.747*
	1.738*

	
	
	
	
	
	(0.925)
	(0.933)

	Ln EFI
	
	
	
	
	
	–0.183

	
	
	
	
	
	
	(0.388)

	Intercept
	12.859***
	6.354***
	–3.758
	–2.854
	–5.045**
	–4.773*

	
	(1.058)
	(1.682)
	(2.423)
	(2.200)
	(2.246)
	(2.478)

	
	
	
	
	
	
	

	Country fixed effects
	No
	No
	No
	No
	No
	No

	HAC standard errors
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	P-value (all slopes 0)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	P-value (year fixed effects 0)
	
	
	
	
	
	0.115

	Adjusted [image: image25.png]



	0.342
	0.476
	0.726
	0.769
	0.778
	0.776

	N
	135
	135
	135
	135
	135
	135

	
	
	
	
	
	
	

	Note: Standard errors are reported in parentheses below the regression coefficients

          HAC refers to heteroscedasticity and autocorrelation-consistent standard errors

          ***, **, and * denote significance at the 1%, 5% and 10% levels

	
	
	
	
	
	
	


	Table 6: The Effect of Intellectual Property Protection (Components) on International Licensing of Technology
              Fixed Effects Regressions: Dependent Variable – Ln RLFP

	
	
	
	
	
	
	

	Regressor
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Ln ICOV
	3.410**
	3.297*
	2.950*
	2.856*
	2.633*
	2.653*

	
	(1.627)
	(1.785)
	(1.649)
	(1.607)
	(1.444)
	(1.474)

	Ln IDUR
	1.802
	1.769
	1.830
	1.835
	0.520
	0.544

	
	(1.305)
	(1.300)
	(1.317)
	(1.336)
	(1.548)
	(1.547)

	Ln IMEM
	–0.404
	–0.467
	–0.660
	–0.567
	–0.477
	–0.445

	
	(1.252)
	(1.216)
	(1.204)
	(1.235)
	(1.140)
	(1.106)

	Ln IREV
	0.780
	0.747
	0.217
	0.155
	0.466
	0.451

	
	(0.693)
	(0.694)
	(0.714)
	(0.752)
	(0.742)
	(0.733)

	Ln ENF
	–0.140
	–0.192
	–0.289
	–0.306
	0.053
	0.059

	
	(0.564)
	(0.548)
	(0.530)
	(0.528)
	(0.495)
	(0.505)

	Ln A2MOD
	0.290
	0.052
	0.085
	0.092
	1.104
	0.965

	
	(1.390)
	(1.555)
	(1.581)
	(1.638)
	(1.809)
	(1.707)

	Ln GDPPC
	
	0.378
	–0.294
	–0.398
	–1.107
	–1.162

	
	
	(0.852)
	(1.059)
	(1.117)
	(1.229)
	(1.306)

	Ln POP
	
	
	2.019
	1.773
	1.803
	1.780

	
	
	
	(1.300)
	(1.386)
	(1.441)
	(1.424)

	Ln ENROL
	
	
	
	0.244
	0.309
	0.283

	
	
	
	
	(0.542)
	(0.565)
	(0.599)

	Ln TOI
	
	
	
	
	1.963
	1.952

	
	
	
	
	
	(1.210)
	(1.216)

	Ln EFI
	
	
	
	
	
	0.154

	
	
	
	
	
	
	(0.647)

	Intercept
	13.718***
	11.271**
	–3.259
	–0.926
	1.293
	0.729

	
	(0.760)
	(5.553)
	(9.929)
	(11.423)
	(11.655)
	(11.822)

	
	
	
	
	
	
	

	Country fixed effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	HAC standard errors
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	P-value (all slopes 0)
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	P-value (year fixed effects 0)
	
	
	
	
	
	0.082

	Adjusted [image: image27.png]



	0.224
	0.219
	0.236
	0.232
	0.260
	0.255

	N
	135
	135
	135
	135
	135
	135

	
	
	
	
	
	
	

	Note: Standard errors are reported in parentheses below the regression coefficients

          HAC refers to heteroscedasticity and autocorrelation-consistent standard errors
          ***, **, and * denote significance at the 1%, 5% and 10% levels

	
	
	
	
	
	
	


Notes

� We refer to the phenomenon of technology transfer sanctioned by the owner as voluntary technology transfer, as opposed to involuntary technology transfer that may occur, for example, via imitation.


� Of course, whether this result would generalise to other industries is a moot point.


� They contend that for levels of the Ginarte-Park patent index below 2.07 (Ginarte and Park 1997), the ‘monopoly power effect’ dominates the ‘economic returns effect’, so that stronger patent protection results in lower innovation and technology licensing; although why this should be so is not explained.


� The Rapp and Rozek (1990) index of protection is based on a comparison of individual countries’ patent laws with the guidelines proposed by the US Chamber of Commerce’s Intellectual Property Task Force, and is thus subjectively determined.


� Ferrantino (1993) reports that the interaction effects of the ‘patent duration’ variable with the ‘membership’ variables are significant, which implies that the effect of patent duration on the regressand(s) differs significantly between countries that are members of intellectual property agreements and those that are not.


� Another important issue is that of intellectual property rights and the mode of technology transfer. There is a sizeable literature that delves into questions of substitution between the alternative modes of technology transfer such as foreign direct investment, exports and licensing, in response to a strengthening of property rights (see, for instance, Sinha 2006, Viswasrao 1994). This issue lies beyond the scope of our paper. 


� Ginarte and Park 1997, Park 2008


� Gwartney, Lawson and Norton (2008) provide indices for these aspects.


� Ivus (2010) observes that the erstwhile colonial status of Southern countries could be useful in isolating the effect of intellectual property protection – in her case, on high-technology exports into developing countries. She notes that in the pre-TRIPs period Southern countries that were colonies of Britain and France strengthened the protection of intellectual property considerably more than other Southern countries; whereas in the post-TRIPs period the reverse appears to have happened. We would like to caution that this observation may be sample-specific, i.e. it may depend upon the specific set of countries and years in one’s sample, which may vary with the phenomenon (exports, or foreign direct investment, or licensing, etc.) that one may be investigating. Thus, using the Ginarte-Park index of patent rights (Ginarte and Park 1997; Park 2008) she observes that in the period 1990-2005, the ‘non-colony’ developing countries increased their protection by 50% more than the ‘erstwhile-colonies’. By contrast, for our sample of countries, and for the period 1995-2005 (since TRIPs was signed in 1994), the former set of countries increased their protection by only17% more than the latter. In other words, her methodology may not be generalisable.


� Obviously, which set of factors can be represented by this variable will partly depend upon the length of the time period in question. Since our empirical analysis pertains to the relatively short post-TRIPs period, we may be justified in treating country-level enforcement mechanisms as relatively unvarying over this time span.


� Although this had to be undertaken within the implementation period of 10 years, starting January 1995, in actual fact countries made temporary provisions for stronger protection fairly quickly, till such time as they could formally amend their protection laws.


� In addition to membership of various intellectual property rights agreements, membership of the North-American Free Trade Agreement (NAFTA) is considered as well (see Park 2008); the implicit argument being that, for instance, Mexico would have to tighten its intellectual property laws courtesy its membership of NAFTA. We find this curious, because in principle at least, a similar case could be made about membership of other trade agreements as well, in manifesting the strength of protection a country provides. This would be problematic, because it is not clear which trade agreements have such an effect and which ones don’t. It is not clear either, to what extent trade agreements have such an effect, assuming they do. Further, is this effect stronger for a country that is party to seven trade agreements as compared to one that is party to only six trade agreements?.


� It is not possible to pick and choose amongst these dimensions, because data on each of the individual facets of the ‘area 2’ sub-index are not available in the public domain.


� Note also, that the supplementary index of the enforcement environment (A2MOD) does not turn out to be significant in the ‘full regression’ of column (6), contrary to expectations. This might imply that the original Ginarte-Park index of patent rights is adequate by itself, and/or that the enforcement aspects are a lot more difficult to capture.
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