[APORTO

2ND STUDY CYCLES
MASTER IN INNOVATION ECONOMICS AND MANAGEMENT

The link between the Intellectual
Property Rights, Innovation and
Growth: A Meta-Analysis

Diana Sofia Teixeira da Silva

M

2018




[BPORTO

FE P FACULDADE DE ECONOMIA
UNIVERSIDADE DO PORTO

THE LINK BETWEEN THE INTELLECTUAL PROPERTY RIGHTS,
INNOVATION AND GROWTH: A META-ANALYSIS

Diana Sofia Teixeira da Silva

Dissertation

Master in Innovation Economics and Management

Supervised by
Oscar Jodo Atanasio Afonso

Pedro da Cunha Neves

2018



Biographical Note

Diana Sofia Teixeira da Silva was born in April 18™, 1983.

She concluded a bachelor degree in Audit, in 2007, from ISAG — Higher Institute of
Administration and Management, and Advanced Studies|2nd cycle, in Urban Economics
and Management, in 2012, at the University of Porto and a Specialization in Management of
Social Economy Organizations, in 2016, at ISSSP - Institute of Social Service of Porto. Since
September 2015, she is attending the Master in Innovation Economics and Management at
the University of Porto.

Diana is currently a Quality Analyst and VAT Reporting at Infineon Technologies.

Previously, she was an Internal Control Clerk at Viagens Abreu, S.A.



Acknowledgments

I would like to express my deepest gratitude to all of those who supported me along the
elaboration of this dissertation.

I would like to thank my dissertation supervisors, Oscar Afonso and Pedro Neves, for
all the support, shared knowledge and valuable contributions, as well as the patience,
motivation and commitment to this research.

Finally, my husband, family and close friends, for all the support and motivation that

they always gave me during my studies.



Abstract

Over the past few decades, the Intellectual Property Rights (IPRs) has been through for an
enormous transformation, either for political reasons or for scope extension. Therefore, the
exploration of this theme became desirable for academic research and due to this the number
of publications has increased considerably.

Keeping this transformation in mind, the main purpose of this dissertation is to
examine the impact of IPRs protection on innovation and on economic growth.

Despite the existence of a substantial theoretical and empirical literature, there is no
consensus on the effective impact of IPRs. Thus, with the purpose to achieve our goal, we
conducted a meta-analysis to examine the link between IPRs, Innovation and Economic
Growth.

The main aspiration is to gather a group of literate contributions that analyse the

different effects of IPRs on innovation and on growth.

Keywords: Intellectual Property Rights; Innovation; R&D; Economic Growth; Meta-

analysis.



Resumo

Nas ultimas décadas, os Direitos de Propriedade Intelectual passaram por uma enorme
transformagao, quer por razoes politicas quer pelo aumento da amplitude de aplicacio. LLogo
o tema ganhou interesse de investigagio académica e, por esse motivo, o numero de
publicagdes aumentou consideravelmente.

Tendo em mente essa enorme transformacao, o objetivo principal desta dissertagao é
analisar o impacto da prote¢ao dos Direitos de Propriedade Intelectual (IPR) na Inovacio e
no Crescimento Econdémico.

Apesar da existéncia de um numero consideravel de publicagoes tedricas e empiricas
sobre o assunto, nao consenso sobre o real efeitos dos IPRs pelo que conduzimos uma meta-
analise para analisar a relagao entre os IPRs, Inovagao e Crescimento Econémico.

O objetivo fundamental é reunir uma amostra de contribui¢oes literarias que analisam

os diferentes efeitos dos IPR na Inovacao e no Crescimento.

Palavras-chave: Direitos de Propriedade Intelectual; Inovacio; I&D; Crescimento

Economico; Meta-Analise.
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1. Introduction

Intellectual Property Rights (IPRs) have been assuming a crucial role on leverage of
innovation and economic growth. As argued by R. E. Falvey, Foster, and Memedovic (20006,
p. 1, p.1), “encourage innovation by granting successful inventors temporary monopoly
power over their innovations”.

Over the years, a large number of IPRs instruments with different purposes and
application fields have arisen. Throughout the industrial history, the power to prevent others
from using their intellectual creations has been strengthened in order to encourage private
investment in innovation activities and promote a sustainable economic growth. As
emphasised by Braga, Fink, and Sepulveda (1999), the main intention was to regulate the
relationship ~ between  innovators/creators and  consumers, and  rewarding
innovators/creators for their ideas.

Nevertheless, many authors have been inquiring whether IPRs are the effective
responsible ones for inducing innovations and, as a result, economic growth. In fact, the
question of how or how much IPRs stimulates innovation and economic growth has gained
considerable attention among economists. The theoretical literature on this topic has
increased significantly and a huge number of empirical studies have been produced as an
attempt to validate the effects of IPRs on innovation and on growth.

Kanwar and Taylor (1994, 2016), cited by Adams (2011), argue that the IPRs
straightness could enforce: (i) innovations and economic growth in developed countries; (ii)
the transfer of technology from the North to the South in developing counttries.

However, as R. Falvey, Foster, and Greenaway (2000) state, a strong IPRs protection
could have a negative effect on developing countries when reduce innovative R&D activities
because of imitations, which becomes their main and cheaper source of technological
development. Horii and Iwaisako (2007) concluded that, in developing countries, a minor
IPRs protection could encourage domestic innovative activity and thus enforce economic
growth.

Particularly in the case of developing countries there is no consensus on the effect of
IPRs on innovation and on economic growth. Hence, the link between IPRs, innovation,
and economic growth remains ambiguous. Indeed, as noted by Hu and Png (2013), this
relationship requires several trade-offs and as Arora, Ceccagnoli, and Cohen (2008)

concluded, produces mixed results of difficult interpretation.



The motivation for this dissertation comes from the ambiguity of the results of the
previous studies and from the diversity of approaches used to establish the link between
IPRs, innovation and growth. Our main research questions are thus: Why are the conclusion
of researchers so inconsistent and divergent? Bearing in mind the existing literature it is
possible to establish a cohesive relationship between IPRs, innovation and growth?

More specifically, we will perform a Meta-Analysis (M-A) methodology, which
“provides a more formal and objective process on reviewing an empirical literature. It
employs conventional statistical methods and criteria to summarize and evaluate empirical
economics.” (Tom D Stanley, 2001, pp. 147-148, p.147-148). The M-A will (i) help us
compare the different research results and (i) discover if a significant and positive
relationship between the empirical results reveals that the impact of IPRs on innovation is
more positive in developed countries than in developing countries. Firms in developed
countries understand more effectively their importance on the innovative activities, the
capital available to invest is higher than in developing countries, and the effects of policies,
such as subsidies, have a huge impact on the decisions.

However, the impact of IPRs on growth is significant and positive in developing
countries, probably not only from the eventual encouragement of domestic investment in
R&D activities, but from foreign investment and relocation of some R&D activities.
Interestingly, we also found that the estimations of the impact of IPRs on innovations and
growth are influenced by the type of journal in which articles are published, the number of
countries used in the sample and the structure of the data.

The outline of this dissertation is organized as follows: Chapter 2 provides a brief
review of the theoretical and empirical literature behind the relationship between IPRs,
innovations and economic growth. In Chapter 3, the M-A methodology and the data used is
exposed. Chapter 4 presents the M-A results. Chapter 5 summarizes the main conclusions,
including what we wanted to do, how we did it, what we found, limitations and suggestions

for future research.



2. Literature Review

The intention of this chapter is two folded. Firstly, to outline what IPRs are, their
contemporary origins and their evolution to almost global rights. Secondly, to present an
overview about the theoretical and empirical literature on the relationship between IPRs,

innovation and growth.

2.1 Intellectual Property Rights: historical overview

In the contemporary world the main economic development challenge is based on the
capability to generate and manage the knowledge appropriability, and on the distribution of
wealth. Over the years, the concept of business wealth has been changing and currently the
human and the knowledge capital are the most valuable intangible assets. For those reasons,
IPRs had become the economic competitiveness base and the motivation for technological
change.

The creation and dissemination of new knowledge, innovations and social welfare
encouraged the implementation of a structured IPRs regime, which promoted creative and
innovative activities with economic incentives and exclusive commercial rights for the
creators (Adams, 2011). This kind of protection concept and rewarding has emerged in the
4™ century BC, with Aristotle’s and Hippodamus of Miletus’ debate. However, the present
governmental IPRs concept was born in the 13" century in Venice, Italy, with the need to
protect the knowledge embedded in their glass industry and as an approach to reward
foreigners that brought new knowledge to the Venice industry (e.g., Long, 1991, cited by
Braga et al. (1999)). The IPRs protection spread from Venice to other developed countries
in Burope, the United States, Japan, South Korea and Taiwan.

To harmonize and to promote cooperation among states, IPRs has undergone
significant changes and a huge number of international treaties and agreements were signed
for that purpose. The major agreement was the Trade-Related Aspects of Intellectual
Property Rights (TRIPS), negotiated between 1986 and 1994 on the Uruguay round with the
goal to induce more innovation leading to an accelerated economic growth, signed by 171
developed and developing countries and managed by the World Intellectual Property
Organization (WIPO).

IPRs enforce the temporary monopoly power of innovators thus encouraging
innovation activities and contribute to long-run economic growth. Since the imitation cost

is lower than the innovation cost (e.g., Mansfield, Schwartz, and Wagner (1981)), IPRs assure



a crucial leverage power to promote the technological change. Due to that, the IPRs regimes
are completely different between developed and developing countries. On developed
countries, the IPRs regime protects all categories of intellectual properties with strong
mechanisms and has a well-structured administration to create the right conditions that
compensate large R&D investments. The main goal is to promote the long-run economic
growth by encouraging creative and innovative activities (R. E. Falvey et al., 2000). In turn,
on the developing countries, only a few types of IPRs are protected and in a rudimentary
way. This kind of protection, or rather, the lack of it, allows foreign developed firms to invest
in developing countries promoting imitation. Imitation is the main source of technological
development in developing countties, a lower IPRs protection seems to be the best choice
to encourage more domestic profitably activities ensuring a sustainable economic growth.
Thus, the knowledge transfer from developed countries could be seen as the base and the
incentive source of domestic innovative activities.

Therefore, the IPRs protection performs an important role among countries.
However, it also presents some problems since the reward criteria is based on market power
and the welfare gain is many times compromised (Gilbert & Shapiro, 1990). In order to
enable the spillovers of technological knowledge to imitators, the scope and the duration of
the protection should be restricted with the purpose of leading society to a more innovative
economic development and prosperity created through a stock of knowledge — e.g., Kitch
(1998), Towse and Holzhauer (2002), and Thumm (2000) cited by (Bielig, 2015). The
dissemination of new knowledge and further innovations as well as growth could be
compromised by the excessive IPRs protection since the spread of new ideas is limited for
the excessive monopoly effects (R. E. Falvey et al., 2000).

Nevertheless, as pointed by Arrow (1962), in absence of an IPRs system, the monopoly
value would be reduced or even extinguished if the owner sells the information on the
market, since the knowledge would become a public good,' and anyone could use it for a
small or any cost (e.g., Maskus and Reichman, 2005, cited by Breitwieser (2010)). Thus, the
trade-off is between allowing the access to the knowledge and stimulate the investment in
R&D activities.

Table 1 summarises the performed overview on IPRs.

! Public goods are “those goods (including policies and infrastructure) that are systematically underprovided by
private market forces and for which such under-provision has important international externality effects”

(Mercurio (2013) p. 360).



Table 1. Intellectual Property Rights: Overview

Authors Argument about IPRs

The creation and dissemination of new knowledge, innovations and

Adams (2011) social welfare encouraged the creation of a structured IPRs regime

Mansfield et al. (1981) The costs of imitation are lower than the costs of innovation

On developed countries, IPRs can promote the long-run economic
growth through encouraging the creative and innovative activities.
However, the excessive IPRs protection can also compromise the spread
of new ideas.

R. E. Falvey et al. (20006)

Gilbert and Shapiro Since the IPRs reward criteria is based on market power and the welfare
(1990) gain it is many times compromised.

The scope and the duration of the IPRs should be restricted, with the
Bielig (2015) purpose of leading society to a more innovative economic development

and prosperity, created through a knowledge stock.
In absence of an IPRs system, the monopoly value would be reduced or
even extinguished, since the knowledge would become a public good.

Arrow (1962)

2.2 The economics of IPRs, innovation and economic growth

The theoretical studies about IPRs, innovation and growth were considered since Adam
Smith, in 1776, although only with Robert Solow, in 1957, were contemplated under the
neoclassical growth models. Nevertheless, neoclassical growth models were not able to
completely explain the economic growth in the long run. Then, with Romer (1986) and Lucas
(1988) a new growth theory emerged with endogenous technological change and human-
capital formation. The new theory assumes that technological progress occurs through
investment in R&D innovative activities, instead of an automatically and unintentionally
technological progress. Nowadays, in economic theory, it is widely accepted that
technological progress or innovation is the basis of progress, society transformation,
globalisation and, consequently, long-run growth (Granstrand, 2003).

Thus, IPRs protection, as a means to stimulate innovation, can grant temporary
monopoly rights to the innovator to solve the investment’s returns from the appropriability
problem. However, it can also be an obstacle to the diffusion of knowledge and reduce
incentives for further innovation. The complexity of the effects of IPRs on innovation and
economic growth across countries, firms and time is justified by the variety of approaches
used by the authors in their studies. That suggests that theoretical and empirical literature
remains divided, and there’s still a lot of controversy whether IPRs effects matter. And if so,
do consequences matter direct or indirectly?

Grossman and Helpman (1991) verified in their model that the observation and

analysis of rival innovations could beneficiate the innovators’ knowledge and expand it. In



other words, a strong IPRs protection may not be the key of long-run leverage of innovation
and growth. As noticed by Cho, Kim, and Shin (2015, p. 827, p.827), “the causal relationship
among intellectual property rights (IPRs) protection, innovation and economic growth
remains ambiguous” in both theoretical and empirical literature. The economic literature
suggests that the connection from IPRs to innovation and growth is very complex and
depends on a significant quantity of factors, sometimes contradictory. Thus, IPRs protection
may not have a direct effect on economic growth, affecting other variants that, in turn, affect
growth (Kanwar & Evenson, 2003).

For Arrow (1962), IPRs displays an important role on R&D activities. As well as for
Torun and Cicekci (2007), who have considered that IPRs have a master role on the
resolution of the innovation and economic growth challenges.

The IPRs importance is also validated, for example, by the result of the multiple linear
regression model conducted by Bielig (2015), which estimated the economic effect of four
main IPRs categories, and concluded that IPRs had a positive impact on German economy
reflecting their strong economy structure and innovation system. Chen and Puttitanun
(2005), using a panel data set including 64 developing countries over the 1975-2000 period,
evaluated empirically the theoretical results of IPRs and innovation in developing counttries,
confirming both the positive impact of IPRs on innovation in developing countries and the
presence of a U-shaped relationship between IPRs and levels of economic development.

Thus, regarding these two empirical studies, it is possible to detect a world composed
by two types of countries: the North composed of developed and innovating countries and
the South composed of developing and imitating countries (R. Falvey, Greenaway, & Foster-
McGregor, 2002). As suggested by Grossman and Lai (2004), in developed countries, with a
high level of globalization, strong innovation capability, large domestic market, and high
market concentration, a stronger IPRs protection is useful to increase innovation and
economic growth. On the other hand, in developing countries, the IPRs protection must be
reduced, in order to avoid the slowdown of the innovation process, economic growth and
the increase of firm costs due to lawsuits to defend domestic patents.

Developing a Schumpeterian growth model of distance to technology frontier in which
economic growth in the developing country is driven by domestic innovation, Chu, Cozzi,
and Galli (2014) concluded that strength of IPRs protection increases as a developing
country goes forward towards the world technology frontier. Nevertheless, Boldrin and

Levine (2009) determined, with their empirical study, that the IPRs protection should be



reduced to increase growth and encourage creation and innovation. Ginarte and Park (1997),
using an augmented Mankiw, Romer, and Weil model, concluded that a measure for IPRs
protection remains insignificant in all growth equations, although having a relevant positive
impact on the accumulation of physical and research capital.

This ambiguity led Cozzi (2009) to discuss a few studies and based on Tetsugen
Haruyama’s and Michele Boldrin’s papers, concluded that innovation and growth can
develop relatively well without IPRs protection since innovation could be stimulated through
knowledge. Hence, it is possible to conclude, as Cho et al. (2015), that there is no consensus
regarding the relationship between the variables in analysis in both specific theoretical and
empirical literature. As Cozzi (2009) observes, it is also possible to find evidence of both
positive and negative effect of IPRs on innovation and growth, explained by the specificity
of the topic analysed by the researcher.

Table 2 summarises the main results in this subsection.

Table 2. The economics of IPRs, innovation and economic growth

IPRs impact
Authors Argument on innovation
and growth
Grossman & Helpman A strong IPR protection may not be the key of long- .
. . . Negative
(1991) run leverage of innovation and economic growth
Cho et al. (2015) The relationship between IPRs, innovation and Ambiguous

growth remains ambiguous

IPRs protection may not have a direct effect on
Kanwar and Evenson (2003) economic growth, affecting other variants which in Indirect
turn affect growth

Arrow (1962) IPRs displays an important role on R&D activities Positive

Torun and Cicekei (2007) .IPRS haye 2 master role'on the resolution of the Positive
innovation and economic growth challenges.
IPRs had a positive impact on German economy

Bielig (2015) reflecting their strong economy structure and Positive

innovation system

Positive impact of IPRs on innovations in developing

Chen and Puttitanun (2005)  countries and the presence of a U-shaped relationship Positive/U-
. shaped
between IPRs and levels of economic development.
Grossman and Lai (2004) A stronger IPRs protection, it is useful to increase Positive

innovation and economic growth.
The strength of IPRs protection increases as a
Chu et al. (2014) developing country goes forward towards the world Positive
technology frontier
The IPR protection should be reduced in order to
Boldrin and Levine (2009) increase growth and encourage creation and Negative
innovation

IPRs protection remains insignificant in all growth

Ginarte and Park (1997) equations

Insignificant
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2.3 IPRs, innovation and growth: the linkage between them

The IPRs system appears in literature as a key factor for innovation and growth, with the
main purpose to reward innovators for their creations. In line with Machlup (1961), cited by
(Bielig, 2015), that a time-limited monopoly promotes the growing of register of the property
rights for knowledge goods, allowing the creator to exploit the economics of invention.

Invention is a highly risky activity since it is dedicated to the production of new
information, as Arrow (1962) concluded. For that reason, the expected investment in R&D
activities is much reduced without any kind of return insurance. Even if it is not worth
patenting, the IPRs stimulate innovation and the investment in R&D activities, as is
suggested by Arora et al. (2008).

The empirical studies that examine the effect of IPRs protection on innovation and
growth usually point to an overall positive effect. Although most of the times on the specific
case of economic growth the effect is indirect. IPRs, actually, directly enhance innovation
through the investment in R&D activities, which, in turn, increases growth. Notwithstanding,
in countries with an underdeveloped R&D sector, growth will not be enhanced by innovation
since is not relevant enough; it is enhanced by factors like international trade or foreign direct
investment (FDI). This means that IPRs do not have enough significance by themselves.

Gould and Gruben (1996) examined the impact of IPRs on growth, using a cross-
country data on patent protection, trade regime, and country-specific characteristics. Using
the Rapp and Rozek index as a proxy for IPRs, they regress yearly growth in real GDP per
capita, in the period between 1960 and 1988, on patent protection. The first results suggested
that IPRs had a positive effect on economic growth, and the significance on patent
protection level was marginal. In order to solve the estimation measurement and endogeneity
problems, Gould and Gruben (1996) used instrumental variables technics. However, the
solution turned the significance level lower than it was initially, raising doubts about the
importance of IPRs on economic growth. The results only turned positive and stronger, in
more open economies, when the dependency of the trade regime of a country was examined.

Park and Ginarte (1997) studied how IPRs affect long-run economic growth. Using an
IPRs strength index, they stimulated the accumulation of factor input in 60 countties,
between 1960 and 1990. Using the Mankiw et al. (1992) model, they obtained a four
equations system, and the estimations were performed by Seemingly Unrelated Regressions
(SUR). The results suggest that IPRs have potential to improve. However, they could not get

statistical significance on growth. On innovation, “IPRs matter for the R&D activities of the



developed economies, but not for those of the less developed economies” (Park & Ginarte,
1997, p. 60, p.60), which means that in developing countries the most significant R&D
activity is imitation.

Kanwar and Evenson (2003) focused their analysis on examining the technological
change between 1981 and 1995, by using a cross-country panel data on R&D investment,
patent protection and other country-specific characteristics. They estimated on four models
using a R&D investments proxy of GNP, which indicates that IPRs incentivize innovation.

Using a panel data of 19 developed and 28 developing countries from 1970 to 1990
and to determine the country’s rate of innovation and economic growth, Schneider (2005)
examined the importance of high-technology trade, IPRs and FDI. Based on Grossman and
Helpman (1991) and Barro and Sala-i-Martin (1997) models, Schneider (2005) estimated the
innovation and growth rates using a fixed effects (FE) and Ordinary Least Squares (OLS)
regressions. Results suggested that the IPRs level is an important factor to explain the
innovation rate. Conversely, the growth rate is not explained by the IPRs level, but by the
stock of physical capital and foreign technology.

Chen and Puttitanun (2005) performed an empirical analysis on 64 developing
countries about the trade-off between imitation and domestic innovation. They estimated
domestic innovations (IN) and growth (GDPCAP) by using the index developed by Park
and Ginarte in 1996 and OLS regressions. The results suggested that IPRs have a positive
impact on innovation and a U-shaped relationship on growth.

R. Falvey et al. (2000) focused on threshold regression technics, estimating an equation
of growth to examine the non-linear relationship between IPRs and the level of development.
Using the Ginarte and Park index, they measured the strength of IPRs on a dataset that
included 79 countries and four sub-periods combined between 1975 and 1994. Their study
revealed that a in a higher IPRs protection scenario, is expected to enhance a faster growth
in countries with high per capita incomes, and this can also have a positive impact in the
growth of the poorest countries. The relationship between IPR protection and growth in the
poorest countries does not result from the encouragement of domestic R&D and innovation.

For Hudson and Minea (2013) the IPRs effects on innovation are more complex than
they initially expected. They used a Panel Smooth Threshold Regressions model created by
Gonzalez et al. (2005) to perform the estimation of IPRs level on innovation, using a dataset

of 62 developed and developing countries. They concluded that IPRs exerts a complex effect



on innovation and the relationship is essentially a U-shaped curve. They did not focus their
analysis on economic growth.

In a panel of 72 developed and developing countries and 54 manufacturing industries
on the period between 1981 and 2000, Hu and Png (2013) analysed the impact of changes in
effective patent rights. To calculate the Effective Patent Right Index, they combined two
famous indexes, the Ginarte and Park (1997) and the Fraser Institute. With their approach,
they concluded that IPRs protection has a positive impact on industrial and economic growth
even though it is stronger on developed countries than in developing ones.

Ang, Cheng, and Wu (2014), Chu et al. (2014) and Yang, Huang, and Lin (2014)
performed their studies in the same year, even with different approaches, but all having the
same result: IPRs have a positive impact on innovation and growth. Ang et al. (2014) used
high-technology firms’ data, based in China, to examine the impact of IPRs on financing
R&D. To deal with endogeneity problem they employed a firm FE and the Generalized
Method of Moments (GMM) panel. On other hand, Chu et al. (2014) using a panel of 92
developed and developing countries from 1970 and 2005, as already stated, developed a
Schumpeterian growth model of distance to technology frontier in which economic growth
in the developing country is driven by domestic innovation. Yang et al. (2014) performed
their estimation based on 42 developed and developing countries panel dataset, on the period
between 1997 and 2000, using a panel threshold model.

Bielig (2015) found a result that supported the inconsistency of the relationship
between IPRs and economic growth. Depending of the IPRs categories, the relationship
could either be positive or negative. Bielig (2015) performed his examination on patents,
utility models, trademarks and designs stocks on the German GDP, in the period between
1999 and 2009, using three regression functions.

Sweet and Maggio (2015) analysed the impact of IPRs on innovation using the Ginarte
and Park (1997) index on 94 countries in the period between 1965 and 2005. The results of
OLS and GMM models suggested that IPRs protection has a positive impact on innovation
on countries with a higher level of complexity and development.

Zhang, Du, and Park (2015) motivated by law-and-finance literature, even if the
empirical evidence of IPRs-Growth relationship remains inconclusive, found a stronger
evidence of a positive relationship between IPRs, innovation and economic growth. Using a

Ginarte and Park index, they considered 98 countties.
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Most recently, Papageorgiadis and Sharma (2016) analysed a panel of 48 countries
between 1998 and 2011. To explain the enforcement related with the component of the
patent system and with the strength of patent regulation, they used the Ginarte and Park
(1997) index.

The analysed literature suggests that the effects of IPRs are not completely clear. Most
of the times the conclusion presents a direct and positive impact of IPRs on innovation,
although the effect on growth depends of other variables such as country’ characteristics or
even economy openness. On developed countries, where the income is higher, the
investment in R&D activities are the major source of innovation stimulation and,
consequently, economic growth. Developing countries, more dependent on technological
transfers from developed countries, have their economic growth dependent essentially on
imitation activities.

Table 3 summarises the main results in this subsection.

Table 3: The linkage between IPR, Innovation and Growth

Relationship between

Author Study Motivation IPR and

Innovation Growth

The impact of local enforcement of IPRs laws

. . L. Positive Positive
on the financing of and investing in R&D

Ang et al. (2014)

The relationship between the development of
Bielig (2015) registered IPRs and the economic development N/A Both
in Germany

The trade-off between imitation and domestic

Chen and Puttitanun (2005) innovation in a developing country’s choice of Positive U-shaped
IPRs

Chu et al. (2014) The evolution of IPRs in developing countries. Positive Positive

Falvey et al. (2006a) The impact of IPRs on economic growth Positive Positive

Gould & Gruben (1996) The role of IPRs in economic growth N/A Positive

Hu & Png (2013) The impact of changes in effective IPRs N/A Positive

Hudson & Minea (2013) The effect of IPRs on innovation U-shaped N/A

If more stringent protection of IPRs does

Kanwar & Evenson (2003) encourage innovation Positive N/A
éa()})lageorgladls & Sharma The relationship between IPRs and Innovation Positive N/A
Park & Ginarte (1997) The IPRs effects on long-run economic Growth Positive Positive

The role of high-technology trade, IPRs and
Schneider (2005) FDI in determining a country’s rate of Positive Indirect
innovation and economic growth.
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The impact of a more rigorous IPRs systems on

Sweet & Maggio (2015) innovation Positive N/A
The role of IPRs protection on stimulating .

Yangetal. (2014) innovations across counttries. Positive N/A
The weak IPR—growth evidence in previous

Zhang et al. (2015) studies may be due to a neglect of the role of Positive Indirect

finance markets and private IPRs.
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3. Methodology

In this dissertation, a M-A was employed to study and assess the empirical relationship
between IPRs, innovation and growth. As we have seen in the previous section, research
results are contradictory. With the application of this methodology we intend to summarize
and systematize the empirical results of published and unpublished empirical literature about
this issue, as a supplement to the previous literature review.

On subsection 3.1), M-A concepts and methodology are presented. The M-R analysis
is conceptualized in section 3.2) and correspondent functions and data are also. On
subsection 3.3), a selection of studies for the M-A analysis and definition of the effect size
are conferred. Finally, a publication bias and an estimation of the average effect: Test and

Correction are shown in section 3.4).

3.1. Meta-Analysis: concepts and methodology

The M-A is, as Glass (1976, p.3) stated, “the analysis of analyses”. It is a methodology that
“provides a more formal and objective process on reviewing empirical literature. It employs
conventional statistical methods and criteria to summarize and evaluate empirical
economics” (Tom D Stanley, 2001, pp. 147-148, p.147-148). It is a method that synthesizes
and explains a literature sample related with a codified topic, and provides to the researcher
a cohesive result (Nijkamp & Poot, 2004). It was a relevant impact in medicine (Glass, 2000),
but it is also a very popular concept in social sciences and education.

It gained an enormous relevance in economics since its main purpose is to harmonize
the empirical economic survey results, combining the findings of diverse studies that use
different data sets and methodologies, offering a coherent and consensual explanatory result
and more insights by confronting the conjectures with the actual research. The M-A is
performed in the most varied economic fields since the numbers of empirical literature
substantially increased and usually the results are not always consensual. Since 1989, the M-
A was recognized by the American Statistical Society as an important asset in research areas
and has been gaining a huge respect in the research community — e.g., Hunt (1997), cited by
Tom D Stanley (2001). Nijkamp and Poot (2004) estimated that until 2002, M-A was used
about 100 times in the economics field. Using the same approach, reviewing all available data

on Web of Science until 2016, we found 1080 economics publications that used M-A. Thus,
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we can conclude that the application of this methodology in the economics field rose almost
10 times only in 15 years.

Though, and as any methodology, the M-A was criticized. According to Cooper and
Hedges (2009), cited by (Brendel, 2011), it presents four limitations:

e Comparing apples to oranges due to the combination and comparison of studies with
adverse data. Glass (2000) sustained that only the comparison of different things is
“worthy of true scientists” and the comparison of equivalent things “is trivial.”

e Garbage in garbage out is a limitation related to the possibility of the inclusion in the
analysis studies with doubtful quality. However, the quality concept is too subjective and
dependent on the researcher criteria.

e The file drawer problem is connected to the difficulty finding unpublished research due
to non-significant findings, very often superior as published research. On M-A it is
important to include these files to determine effect sizes for research and also to account
and control the publication bias.

e Publication bias, which exists when authors or journals adopt a publication trend, either
related with the direction of the results or statistical significance. Thus, to help to reduce
the bias in the effect sizes, it would be relevant to analyse, as much as possible,

unpublished literature.

Therefore, in order to minimize the effects of second and third limitations, White
(1994), cited by Nijkamp and Poot (2004), concluded that the researchers must respect the
selection process, the precision and the coverage of the data. Precision related with the high
quality of the selected documents, and coverage related with the representativeness of
published and unpublished literature. Despite the limitations, while comparing traditional
methods of literature reviews, pointed by Lipsey and Wilson (2001), the “meta-analysis
changed the focus to the direction and magnitude of the effects across studies” (Stewart
(2017), p.7). It combines different sample sizes and results, which provides a more precise
understanding than separate estimates, allowing the recognition of the major trends and
variations across the studies. The main goal is to understand the relationship between
variables and the effect one has on the others, in order to explain the variability of its’ results.

To illustrate the use of M-A over the years, a few examples can be noted: Jarrell and
Stanley (1990) employed M-A to corroborate and extend H. Gregg Lewis's landmarks’

research in 1986 research on the union-nonunion wage gap; Tom D Stanley (2001) evaluated

14



the Ricardian equivalence; Gorg and Strobl (2001) assessed the effects of multinational
companies on domestic productivity; Nijkamp and Poot (2004) clarified if the public sector
enhances or not long-run economic growth; Doucouliagos and Ulubasoglu (2008) meta-
analyzed the literature on the relationship between democracy and growth; Ugur (2014)
conducted a M-A of the corruption effects on economic growth; Havranek et al. (2016)
reviewed the effects of natural resources on growth.

In M-A, it is of great relevance to use a systematic approach to reach, as much as
possible, a complete research of published and unpublished papers. As stated by Lipsey and
Wilson (2001), it is important to ensure a good relationship between the collected meta-
analysed studies, with the aim to find arguments of resemblance among them. It is the kind
of methodology capable to generalize the knowledge gained through individual researches,
to combine huge numbers of studies, to present much more eruditely the originated results,
to find a relationship between different variables. Frequently, the M-A results are the basis

of future researches due to the pointing out of some research gaps.

3.2. Meta-Regression Analysis
Meta-Regression Analysis (MRA) is a specific technique employed in M-A, which aims to
explain the heterogeneity in the effect sizes reported by the primary studies. MRA involves
the estimation of a standard regression model as follows — e.g., Tom D Stanley and Jarrell
(1989):

K

bj :ﬁ+za{k2kj+ e,(j=12..,L) (1

k=1

where: 4 is the reported estimate of the phenomenon f of interest in study / in a literature
comprised of L studies; Z corresponds to the K meta-independent variables that measures
relevant characteristics of the empirical studies (e.g., estimation techniques, sample period,
data structure) and explain the variation in 4 across them; ac are the meta-regression
coefficients that complements the studies characteristics on 4; and ¢ is the regression error.
Thus, equation (1) can be estimated in order to evaluate how the studies’ characteristics
influence the estimation of the effect sizes.

Our MRA will be conducted using the Tom D Stanley (2001) board outline compound
in 5 steps to explain the results variation of the empirical literature on the effects of IPRs on
innovation and on growth. As follows:

Step #1: Include All Relevant Studies from a Standard Database;
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Step #2: Choose a Summary Statistic and Reduce the Evidence to a Common Metric;
Step #3: Choose Moderator Variables;
Step #4: Conduct a Meta-regression Analysis;

Step #5: Subject the Meta-Regression Analysis to Specification Testing.

3.3. Studies' selection for the meta-analysis and definition of the effect size
Before the application of the M-A it is important to perform a careful selection of the papers

that will be included in the databases. On this process of bibliometric synthesis, we have used

the platform Web of Science (https://webofknowledge.com/). In the first stage, an
exhaustive search of literature was performed, on the impact of IPRs on innovation and
growth. In this platform, we searched, in the title and abstract of published papers and
working papers, for any reference on “Intellectual Property Rights” and “Innovation” and
“Growth”, “IPR and Innovation and Growth”; “IPR and Innovation”, “IPR and Growth”,
“IPR and R&D and Growth” since the 1900s.

From our research, conducted in April 2017, we obtained more than 1000 papers in
total, of which nearly 400 were selected from the “economics” field. Nevertheless, taking in
mind the goal of our study, the exclusive use of literature with empirical studies of the impact
of IPRs on innovation and growth, only 84 were reviewed. From those, we obtained 12
empirical studies that fulfil our purposes and they were included in our bibliometric synthesis,

since only these filled the criteria for our M-A (Table 4).

Table 4. Bibliometric Synthesis

Author Title Journal
Does enforcement of intellectual property rights . .
Ang et al. (2014) matter in China? Evidence from financing and Review Qf.Econornlcs
. L . . and Statistics
investment choices in the high-tech industry
Chen & Puttitanun (2005) Intellect}lal propetty rights and innovation in Journal O,f Development
developing countries Economics
) . o Journal of Development
Chu et al. (2014) Stage-dependent intellectual property rights Feonomics
Falvey et al. (20063) Intellectual property rights and economic Review Qf Development
growth Economics
Gould & Gruben (1996) The rolg of intellectual property rights in Journal of Development
economic growth Economics
Patent rights and economic growth: eV1d§nce Oxford Economic
Hu & Png (2013) from cross-country panels of manufacturing Paner
industries apers
Kanwar & Evenson (2003) Does 1nteﬂectual property protection spur Oxford Economic
technological change? Papers
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Park & Ginarte (1997) Intellectual property rights and economic Contemporaty

growth Economic Policy
International trade, economic growth and ournal of Development
Schneider (2005) intellectual property rights: A panel data study of Jou o eveiop
. . Economics
developed and developing countries
Sweet & Maggio (2015) Do Stronger Inte}lectual Property Rights Word Development
Increase Innovation?
Yang et al. (2014) Do stronger intellectual property rights induce Hitotsubashi Journal of
& ) more innovations? A cross-country analysis Economics
How Private Property Protection Influences the Global Economic
Zhang et al. (2015) Impact of Intellectual Property Rights on

. Review
Economic Growth?

The main purpose at the beginning of the MRA process, by including all empirical
studies, published and unpublished, is to reduce the potential bias effect. The summary
measures that we use in the M-A are the coefficients reported in the primary studies for the
estimate of the effect of IPR on growth and on innovation. Given that the primary studies
use different measures of IPR, innovation and growth, it is necessary to use a metric that
turns data comparable. Following Ugur (2013), we will use the partial correlation coefficient
(PCC), which will be our effect size. The PCC, 7, and its standard errors, ses, are calculated

based on the following equations:

Sey; = /(1 —r?)/df; )

where # represents the #statistic associated to each coefficient estimate reported in the

and

primary study, and df; represents the degrees of freedom used in the respective estimation.
We used from paper to paper all the reported coefficients and respective standard errors.
This resulted in a total of 188 estimations of our IPRs impacts on Innovation and 112
estimations of our IPRs impacts on Growth. Table 5 presents the most relevant paper

characteristics, main results and estimation methodologies.

Table 5. Classification of Articles or Papers

SDPC PCC SDPC

Article Impact NE PCCI CI GR CGR  Ccountries DS EM
Poisson
Ang ct al. . . / GMM
(2014) Innovation 20 0.0054 0.0086 Developing ~ Panel /OLS /
v
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Chen &

Puttitanun Innovation 4 0.1324 0.0798 Mixed Panel OLS
(2005)
Chu et al. . FE /
(2014) Growth 3 -0.1001  0.0435  Developing  Panel SIS
Falvey et al. . .
(20062) Growth 18 0.0941 0.0648 Mixed Panel FE
Gould & . OLS /
Gruben Growth 4 0.1787 0.1057 Mixed CS v
(1996)
Hu & Png . . OLS /
(2013) Growth 16 0.0721 0.0392 Mixed Panel v
Kanwar &
Evenson Innovation 9 0.3169 0.1220 Mixed Panel RE
(2003)
Park & Innovation/
Ginarte ovato 4/4 0.3954 0.1388  -0.0700  0.1554 Mixed Panel  SUR
Growth
(1997)
. . OLS /
Schneider  Innovation/ 0 /¢ 0.1230 0.1040  0.1010  0.1029 Mixed Panel  FE/
(2005) Growth
Pooled
Sweet & OLS /
Maggio Innovation 43 0.0609 0.0469 Mixed Panel
SGMM
(2015)
FE / RE
Yang et al. . . /
(2014) Innovation 45 0.2368 0.1149 Mixed Panel threshol
d
Zhang etal.  Innovation/ .
(2015) Growth 15/61 0.3818 0.1268 0.1466 0.1382 Mixed CS OLS

Notes: NE means number of estimations; PCCI means PCC Inn (i.e., partial correlation coefficient, by paper); SDPCCI
means SD of PCC Inn (i.e., standard errors of partial correlation coefficient, by paper); PCCGR means PCC GR (i.e., partial
correlation coefficient, by paper); SDPCCGR means SD of PCC GR (i.e., standard errors of partial correlation coefficient,
by paper); DS means data structure; CS means cross section; EM means estimation methodology; 2SLS means Two-Stage
Least Squares regression analysis; RE means random effect; FE means fixed effect; IV means instrumental variables.

The estimates of IPRs effects on Innovation vary between a minimum of -0.7129
(Sweet & Maggio, 2015) and a maximum of 0.8240 (Yang et al., 2014), with 28 negative values
and 160 positives. 82 estimations of the 188 were obtained using a mixed sample of
developing and developed countries, which means that the remaining 106 used one or the
other group of countries. Our sample contains 173 estimations from panel studies and 15
from cross-section studies. The cross-section studies employed an OLS estimator, while the
panel studies used diverse types of estimators.

On Growth, the estimates of IPRs effects, vary between a minimum of -0.2867 and a
maximum of 0.7402, both by Zhang et al. (2015), with 19 negatives values and 93 positives.
100 estimations of the 112 were obtained using a mixed sample of developing and developed
countries, which means that the remaining 12 used one or the other group of countries. Our
sample contains 47 estim