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Abstract

This thesis carries out empirical investigations of the possible impacts of
institutions relating to different aspects of innovation, namely incremental
innovation activities, collaborative research and development (R&D)

activities and radical innovation outcomes.

It comprises three studies. The first empirical study focuses on examining
the impact of financial constraints and intellectual property rights (IPR)
protection on incremental innovation. Using firm-level data from transition
countries and employing a two-step probit model with endogenous
regressors, this study provides evidence that both financing constraints and
strong IPR protection are negatively associated with the incremental
innovation activities of firms. Results also confirm that financing constraints
faced by firms are significantly influenced by the overall levels of

development of financial institutions within a country.

The second empirical study looks at the effects of contracting institutions
and intellectual property institutions on firms’ collaborative research and
development (R&D) activities in developing and transition countries. By
employing the Cragg double-hurdle model, this study finds that efficient

contract enforcement has a positive effect on the likelihood of firms



engaging in R&D partnership and the intensity of firms' expenditures on
collaborative R&D. On the other hand, the decision of firms to participate in
R&D partnerships and their level of expenditure on collaborative R&D are

adversely affected by the strength of IPR protection.

The third empirical study investigates the influences of a set of institutions
on producing new-to-the-world technologies, as measured by patents. This
study is conducted by using a large panel dataset of 98 developed and
developing countries over a period of 23 years. Building on the idea
production framework, the unconditional quantile regression (UQR)
estimates of this study show that along with key research inputs (i.e.,
existing knowledge stock and resources devoted to R&D), the strength of
IPR protection, quality of governance and functioning of financial institutions
are also significant determinants of the patent output of a country. The UQR
methodology also demonstrates that the effects of institutions on patent
production are heterogeneous throughout the various quantiles of patent

output distribution.

This thesis, therefore, offers an example of how the new institutional
economics (NIE) theory is applicable in analysing innovation performances.
The findings of this thesis propose useful policy directions that can assist
policymakers and managers in accelerating innovation and technological

development.
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Chapter 1: Introduction

Innovation and technological progress are key sources for the long-run
success of firms and economic development of countries. Institutional
arrangements, such as intellectual property rights (IPR) protection,
contract enforcement, quality of governance and financial institutional
development can influence the rate and direction of innovations and
technological progress. While it is firmly established by the endogenous
growth theory that the aforesaid institutions can have significant impacts
on different aspects of innovation, there is limited empirical evidence on
this topical issue in development economics, particularly for developing
and transition countries. This thesis, therefore, carries out an empirical
investigation of the possible impacts of these institutions on different
aspects of innovation, namely incremental innovation activities, research
and development (R&D) collaboration, and radical innovation outcomes.
The rigorous empirical evidence within this study suggests useful policy
measures that can assist policymakers as well as managers in promoting

innovation and technological development.

The rest of this introductory chapter is arranged as follows. Section 1.2
presents the background of this research and a brief review of related
literature with research gaps. Section 1.3 states the aim of the study and
explains why this study is important from the development economics
perspective. Section 1.4 offers an overview of the three empirical chapters

with a brief description of research questions, methodologies employed,



and data used for the analysis. Finally, the structure of the rest of this

thesis is outlined at the end of this introductory chapter.

1.2 Institutions for innovations

Institutions are the human formulated rules (i.e., constitutions, laws,
property rights) and procedures that shape our economic, political and
social interactions by reducing uncertainties in exchanges (North 1991).
According to Williamson’s (1998) institutional framework, institutions
contain 4 hierarchical levels [see Figure 1.1]. The first level is the social
embeddedness level. The customs, traditions, norms, religion, etcetera
are located at level 1. Level 2 refers to the institutional environment. This
level includes the executive, judiciary, legislative, and bureaucracy of
government and the distribution of power crossways different levels of
government. The property rights laws and contract laws — their definitions
and enforcement - are also notably featured here. The institutional
structure observed at this level results from politics and comes up with the
rules of the game for society within which economic activities are
organised. According to North (1991: 97), institutions comprise of both
informal constraints such as “sanctions, taboos, customs, traditions, and
codes of conduct” and formal rules such as “constitutions, laws, property
rights”. The informal constraints are positioned at Williamson's (1998)
Level 1, and the formal rules — i.e., the executive, legislative, judiciary,
bureaucracy — are positioned at Level 2. To provide institutional

environment rights, first-order economising is featured at this level.



L1

L2

L3

L4

Economics of Institutions

Level

Embeddedness:
informal
institutions,
customs,
traditions, norms,
religion

Institutional
environment:
formal rules of
the game — esp.
property (polity,
judiciary,
bureaucracy)

Governance:
play of the game
— esp. contract
(aligning governance
structures with
transactions)

Frequency (years)

102 to 203

10 to 102

1to 10

Resource
allocation and
employment
(prices and quantities;
incentive alignment)

continuous

L1: Social theory

L2: Economics of property rights
L3:Transaction cost economics
L4: Neo-classical economics/Agency theory

Purpose

Often
noncalculative;
spontaneous

Get the
institutional
environment right.
1st order
economizing

Get the
governance
structures right.
2nd order
economizing

Get the
marginal
conditions right.
3rd order
economizing

Figure 1.1: Institutional framework set out in Williamson (1998:26)



Level 3 is referred to as the institutions of governance. Though property
rights remain vital, a perfectly functioning legal system for defining as well
as enforcing contracts is not anticipated. So, second-order economising is
featured at this level for getting the governance structure rights.
Transaction cost economics (TCE) operates at this level. More specifically,
level 2 provides the rules of the game of society, and level 3 mainly deals
with the play of the game. The fourth level concerned with neo-classical
economics and agency theory. Neo-classical economics deals with price
and output, and agency theory concerns the effective incentive alignment
in a state of risk aversion. Third-order economising is featured at Level 4

for providing marginal condition rights.

The New Institutional Economics (NIE) considers all these four pillars of
institutions as the deep determinants of a firm’s success and a country's
productivity growth and economic development (North 1990; Sokoloff and
Engerman 2000). According to NIE, all four levels of institutional hierarchy
determine the choice set for the firms and individuals to engage in any
economic activity by influencing the transaction and production costs and
hence the sustainability and profitability of those activities (North 1991).
NIE mainly concerns with the actions of institutions located at levels 2 and

3 (Williamson 2000).

Many economists, including Rodrik (2000; 2004; 2008), Acemoglu and
Robinson (2010; 2012) and Levine (1997; 2018), provide meaningful
insights on how different levels of institutional qualities hold the key to

economic prosperity. They outline that in a country with proper institutional



arrangements properties are secured, idiosyncratic risks are properly
mediated, the rule of law exists, monetary and fiscal policies are suitably
grounded, and overall public policies are aligned with private incentives.
Therefore, in the proper institutional arrangements, entrepreneurs feel
secure about their investments and society at large enjoys the choice of
civil liberty. Better institutional arrangements thereby lead to higher
entrepreneurial activities, firm growth and overall economic development.
A large body of empirical studies (e.g., Knack and Keefer 1995; Barro
1996; La Porta et al. 1999; Acemoglu and Johnson 2005; Banerjee and
lyer 2005; Beck et al. 2005; Law et al. 2018; Acemoglu et al. 2019) also
confirm that institutional qualities of a country hold the key to the economic
performances, thus confirming. They provide evidence that variations in
the quality of different institutions, such as intellectual and private property
rights protection, legal system, political and financial institutions, cause
significant cross-country differences in per capita growth by influencing

factors determining investments and productivity.

To be involved in idea generation and shape innovation outcomes, these
different pillars of institutions also have vital roles. Endogenous growth
theory as employed by Grossman and Helpman (1991), Barro and Sala-i-
Martin (1997), King and Levine (1993b), Rivera-Batiz (2002), O'donoghue
and Zweimduller (2004), Aghion et al. (2005) and Saito (2017) aims to
advance our understanding about how institutions influence productivity
growth and economic development. By incorporating institutions into the

formal growth framework, they argue that different levels of institutions can



provide incentives for innovation through different channels, namely
through protecting intellectual property rights (IPR), reducing risks,
ensuring regulatory services and providing finances. In turn, these can
impact the productivity growth and overall development process. Although
it is recognised by the above-mentioned endogenous growth theory that
IPR protection, contract enforcement, and political and financial institutions
can influence innovation and thus productivity growth, there is limited

empirical evidence to clarify the topical issues fully.

The intellectual property rights (IPR) protection system of a country can be
crucial for innovation and idea generation since it protects the rents of
inventors against imitations (see Barro and Sala-i-Martin 1997; Acemoglu
and Akcigit 2012; Saito 2017). An effective judicial system can promote
innovation by ensuring the enforcement of contract and IPR-related laws
(Gradstein 2004). Political democracy and good governance can also be
vital for innovation and innovation-led growth. The presence of stronger
democratic institutions influences regulatory performance by reducing
corruption and the reduction of corruption, in turn, accelerates
technological changes (Acemoglu and Robinson 2000, Rivera-Batiz 2002,
Anokhin and Schulze 2009). An efficient financial system is better at
mobilising capitals, allocating funding, and diversifying risk (King and
Levine 1993b; Huang and Xu 1999; Laeven et al. 2015; Aghion et al.
2018). Deeper financial institutions can channel more funds to invest in
risky innovation projects and thus can stimulate technological innovation

and economic development.



However, despite the useful theoretical insights and increasing idea-driven
growth-modelling sophistication, much of the attention of existing empirical
studies has mainly concentrated on exploring this issue from a single
perspective (He and Tian 2020). While it is well established by the growth
theory that institutions can influence innovation and technological progress
through different channels, past empirical studies predominantly focused
on intellectual property rights protection. Most of the past empirical
research on the role of institutions on innovation performance, including
Park and Ginarte (1997), Chen and Puttitanun (2005), Schneider (2005),
Aghion et al. (2015) and Maskus et al. (2019), provides mixed evidence of
the impact of IPR protection on innovation measured by R&D or patenting
activities. Therefore, further investigation of the possible impacts of
institutions on innovation, combining all potential institutional channels of
influence in a single framework, can be helpful to explore additional

insights on the issue.

Moreover, the existing studies mentioned above employed an index of
patent rights formed by Ginarte and Park (1997) and Park (2008),
henceforth the GP index, as the measure of the strength of intellectual
property protection. The GP index, however, does not measure the
enforcement of IPR, since it is ‘designed to provide an indicator of the
strength of patent protection and not the quality of patent systems’ (see
Park 2008: 761). The GP index, therefore, can be used only for measuring
the strength of de jure patent and IPR-related book laws of a country, but

not the strength of the de facto enforcement dimensions. Empirical



research using only this index for measuring IPR does not take the
strength of IPR enforcement of a country into account (Ostergard 2000;
Papageorgiadis et al. 2014). Therefore, employing an additional measure
of IPR that takes both de jure and de facto perspectives of IPR protection

into account is of great relevance.

Only a very limited number of empirical studies examine whether the
quality of political institutions (e.g., Gao et al. 2017; Ho et al. 2018) and
financial institutions (i.e., Brown et al. 2009; Chu et al. 2020) affect
innovation and technological development. The aforementioned studies
have investigated the influence of these institutions on innovation
measured by R&D and patenting activities. Due to resource and skill
capability constraints, firms — particularly in developing and transition
economies — tend to engage in the incremental innovation process and try
to catch up with frontier technology through maximising the opportunity of
learning by watching and learning by doing (Konig et al. 2016). Institutional
arrangements can be crucial for firms engaging in commutative and
collaborative innovation activities and, by implication, for technological
catching-up in developing and transition countries (Dosi et al. 2007;
Hagedoorn and Hesen 2007; Arora 2009; Acemoglu and Akcigit 2012).
However, past empirical studies have only paid limited attention to
investigating the effects of institutions on such innovation activities by
using extensive data from developing and transition countries. For

initiating proper policy mechanisms, it is vital to explore the impacts of



institutional arrangements on firms’ incremental and collaborative

innovation activities.

1.3 Aims of this study and significance of the findings

This research is motivated by the lack of sufficient empirical evidence on
the effects of different pillars of institutions on innovation and technological

progress. Particularly, the following factors motivate this study.

First, as discussed in sub-section 1.2, due to resources and capability
constraints, many industries and firms in developing and transition
countries engage in incremental innovative activities instead of radical
innovation. Therefore, developing and transition countries may need
special institutional arrangements for financially constrained industries and
firms. Moreover, Acemoglu and Akcigit's (2012) model and other
theoretical work (such as that of Dosi et al. (2007)) demonstrate that a full
intellectual property rights (IPR) protection is not optimal for developing
and transition countries; instead, for availing trickle-down effects, they
need state-dependent special IPR arrangements that provide greater
protection to technology leader firms than to the follower firms. From this
theoretical observation, it can be assumed that the one-size-fits-all
innovation policy approach may not work. However, there is a lack of
sufficient empirical evidence from developing and transition economies. To
fill this research gap, the first empirical study of this thesis sets out to

answer these two research questions (RQs):



RQ1: Do financing constraints hold back firms’ efforts to invest in
innovation activities in transition economies?
RQ2: Is strong intellectual property rights (IPR) protection desirable for

firms’ innovation in transition economies?

To answer these two research questions, the first empirical study of this
thesis investigates the impact of financial constraints and intellectual
property protection on firm-level incremental innovative activities in
transition countries by employing a two-step probit regression technique.
However, although existing studies (i.e., Ayyagari et al. 2011;
Gorodnichenko and Schnitzer 2013; Wellalage and Fernandez 2019) shed
light on this issue, they do not take IPR-related issues and aggregate
country-level factors relating to financing constraints of firms into account.
Therefore, existing studies may provide an incomplete response to the
focal research question. This study intends to fill these gaps in the existing
studies, and the findings of this research may help the policymakers in
initiating the appropriate policy approach in developing and transition

countries.

Second, frontier technology and the best practice methods are slow to
diffuse in developing and transition countries (Restuccia and Rogerson
2017). Collaborative innovation activities can be a useful tool in these
countries for technological catch-up through learning by watching and
learning by doing. The benefits of research partnerships include the

pooling of complementary resources, learning from the partners, and

10



sharing of costs and risks of R&D (Kamien et al. 1992; Muller and Zaby
2019). The works of Arora and Merges (2004) and Hagedoorn and Hesen
(2007) have firmly established that the probability of firms’ engaging in
research partnerships and the subsequent performance of joint projects
are largely influenced by the institutional quality — more specifically by the
strength of contract enforcement and intellectual property protection. It is
believed that the hold-up problem due to contract enforcement
inefficiency, in general, is severe in transition countries (Gow and Swinnen
1998). Institutional reforms have been taking place in transition countries
since the late 1990s. These reforms caused several institutional changes
in those countries due to transformational shocks (see Korosteleva 2007),
which may lead to many incidents of contract breaches among firms as
well as in government and non-governmental organisations (Gow 2001).
Therefore, the strength of contract enforcement institutions, particularly in
developing and transition countries, is more crucial for the firms to engage
in research partnerships. Previous work, including Johnson et al. (2002)
and Sheng and Yang (2016), shows that quality of the courts in enforcing
contracts plays a vital role in encouraging relation-specific investments in
developing and transition countries. However, there is scarce evidence
from these countries on whether the efficiency of contract enforcement
encourages firms to engage in collaborative innovation partnerships and
thus can facilitate the process for industries and firms to switch from
imitator to potential innovator. Moreover, it is difficult to specify all rights of

potential intellectual property in the contractual agreement ex-ante since

11



the contractual R&D partnership is a clear example of an incomplete
contract due to its intended temporary nature and less hierarchical control
(c.f., Oxley 1999; Hagedoorn 2002). In the contractual R&D context, the
IPR institution is also crucial for the ex-post management of intellectual
property rights. Therefore, both the contracting and IPR institution can
have significant role on firms engaging in R&D partnerships by controlling
opportunistic behaviour of involved partners. However, almost no studies
in the empirical literature investigate the impact of both contracting and
IPR institutions on firms making of R&D collaboration in a single
framework, specifically for developing and transition economies. The
second empirical study of this thesis aims to fill this very important void in

the literature by addressing the following research question (RQ):

RQ3: Do contracting institutions and intellectual property institutions
influence the likelihood of firms engaging in R&D partnerships and the

level of expenditure on contractual R&D?

To answer the above research question, the second empirical study of this
thesis sets out to examine the effects of contract enforcement and
intellectual property rights protection on the probability of firms engaging in
R&D partnerships in developing and transition countries by employing the
Cragg double-hurdle model. The aim of this study is to inform the
policymakers, researchers and stakeholders on the effect of these

institutions on collaborative innovation activities and whether there is any
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possibility of forming research partnerships resulting from the

strengthening of such institutions.

Third, total factor productivity (TFP) differences explain a substantial part
of the disparity in income across countries, and technological innovation
plays a crucial role in determining the TFP (Prescott 1998; Hall and Jones
1999; Easterly and Levine 2001; Keller 2004; Restuccia and Rogerson
2017; Chen 2020). Endogenous growth theory, following Lucas Jr (1988)
and Romer (1986; 1990), endogenised steady-state economic growth and
technological progress. Romer’s (1990) model demonstrate that a country
can achieve more productivity growth and overall economic development if
it can allocate more resources for R&D. Since technological progress and
innovation are the keys to productivity growth and economic development
(Solow 1957; Aghion and Howitt 2008), establishing institutions to
incentivise innovation lies at the heart of innovation policy throughout the
world. While idea-driven growth theory asserts that institutional qualities
have a significant influence on innovation, research has yet to explore
which institutions are most vital to promote innovation and technological
development (Bardhan 2005). Therefore, more research is required for a
much better understanding of the institutional mechanism by which

channel institutions impact innovation outcome the most.

In order to fill this research gap, the third empirical study of this thesis

addresses the following two research questions (RQs):

RQ4: What determines innovation and technological progress?
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RQ5: Why do some countries attain greater innovation output than other

countries?

To fill the void in the existing literature by addressing these two research
guestions, the third empirical study of this thesis examines the effects of a
set of institutions on the innovation outcomes in 98 developing and
developed countries. By employing the fixed-effect panel data analysis
and the unconditional quantile regression (UQR) regression approach, this
study analyses a large panel dataset. More evidence may help us to
recognise the relative importance of different institutions and thus help to

establish the proper institutions for stimulating innovations.

Being motivated by these aforesaid factors, to address the research
guestions, this thesis considers the pros and cons of the possible impact
of institutions on different aspects of innovation and technological
changes. Particularly, based on the new institutional economics (NIE)
theory and following the view of North (1990: 3), this study considers
institutions as the “rules of the game in society” that “structure incentives”
for the firms to engage in innovation activities. To examine this proposition
empirically, this thesis investigates the impact of different levels of
institutional hierarchy (as defined by Williamson 1998) on the main three
aspects of innovation — namely incremental, collaborative and radical
innovation — paying specific attention to developing and transition
countries. By addressing the aforementioned five research questions

(RQs), this thesis intends to make the following contributions.
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First, this study expands the literature by providing new quantitative
evidence on the impact of financial constraints and intellectual property
rights (IPR) protection on firms-level innovation from transition countries.
Theoretically, it is well established that, due to the resource constraints,
firms in transition economies tend to follow imitational innovation strategy
and therefore, from this perspective, IPR protection can be crucial for firm-
level innovation within those economies (Acemoglu and Akcigit 2012).
Existing studies (i.e., Ayyagari et al. 2011; Gorodnichenko and Schnitzer
2013; Wellalage and Fernandez 2019) examine only the impact of
financing constraints on firms’ innovation activities in transition countries.
By adding IPR, this study, therefore, acquires a new insight into the issue.
Moreover, to address the potential endogeneity in firms’ financing
constraints adequately, this study includes country-level instrumental
variables along with the firm-level instrumental variables in the model
estimation. Furthermore, to know the industry heterogeneity of the effects
of FC and IPR, this study includes the industry dummies based on more

detailed industry classification and their interactions with FC and IPR.

Second, this study is among the first to explore the impact of both contract
enforcement and intellectual property rights protection on collaborative
innovation activities in a single framework. Almost none of the past
empirical research attempts to explore the effect of contract enforcement
and IPR protection on firms’ collaborative innovation efforts within a single
framework by using data from developing and transition countries. Building

upon the transaction costs economics (TCE) theory (Coase 1937;
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Williamson 1985) and new institutional economics (NIE) theory (North
1990), this study attempts to analyse the effects of these two sets of
institutions on firms’ R&D collaboration in developing and transition
economies highlighting the difference between the contracting and IPR

institutions.

The third contribution arises from measuring the efficiencies of intellectual
property institutions (IP), whereby this study uses an intellectual property
rights (IPR) index, which measures the effectiveness of both the book laws
and the enforcement components of intellectual property laws and
administrative procedures. This index is developed by the Property Rights
Alliance, which is the unweighted average of the patent rights index of
Ginarte and Park (1997; 2008), the index of intellectual property protection
(IPP) of the World Economic Forum (WEF), and a piracy index of the
Business Software Alliance (BSA). The original Ginarte and Park's index
comprises of five categories of patent protection: (i) extent of patent
coverage, (ii) affiliation to international patent agreements, (iii) provision
for losses of protection, (iv) enforcement procedure, and (v) length of
patent protection (see Park 2008). This composite IPR index of Property
Rights Alliance includes the level of piracy within the above five categories
of patent protection, drawing data from the Global Software Survey of the
BSA. The score of this index, thus, reflects the inclination of the citizens of
a country towards infringing on intellectual properties as well as the judicial
efficiency of the country in prosecuting against intellectual property piracy

(Kukharskyy 2020). By using this composite IPR index, this study thereby
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takes both the de jure book laws and a de facto enforcement perspective

of intellectual property protection of a country into account.

The fourth contribution of this thesis is related to the extension of the idea
production framework of Romer (1990). To examine the impact of
institutions on innovation, this study uses an extended ‘idea production
function’ framework derived from Romer (1990). In this extended
framework, this study includes a set of institutional components (i.e.,
property rights protection, quality of government and performance of
financial institutions) that can influence the rate of idea production of a
country with the conventional determinants of idea production (i.e., human
capital devoted to R&D and knowledge stock) suggested by Romer
(1990). This study, thus, aims to contribute to the existing knowledge
through a specific focus on the link between Romer’s (1990) model of
endogenous technical change and the underlying institutional factors, i.e.,
property rights protection, quality of government and performance of

financial institutions, of a country.

The final contribution of this thesis remains in the methodology employed
for investigating the role of institutions on innovation outcomes of a
country. The majority of previous studies have employed a standard linear
regression technique. However, the standard linear regression technique
can only provide a partial view of the relationships since it only
summarises the average relationships between the dependent variable
and explanatory variables based on the conditional mean function.

Therefore, this study does not limit the estimation technique only to the
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standard linear regressions. Instead, it opts for the unconditional quantile
regression (UQR) technique to analyse the data. The UQR approach has
the following advantages over the standard linear regression technique.
First, the UQR is a more flexible approach that estimates the impacts of
the explanatory variables at the different quantiles of the unconditional
(marginal) distribution of the dependent variable and thus can provide
more information for a much deeper understanding of the data. Second,
the UQR approach is particularly suitable for the estimation of the highly
skewed distribution of the dependent variable since this approach relaxes
the restrictive assumption about the normality of the distribution of the
disturbance term. The relaxation of this assumption permits this study to
accept country heterogeneity and considers the probability that estimated
slope coefficients could be different at the various quantiles of the
distribution of the dependent variable. Finally, this approach provides more
interpretable and generalisable results in population contexts, which may

have specific policy implications.

1.4 Overview of three empirical studies
This sub-section summarises the research guestions (RQs), employed
methodologies, used data, key results and contributions of the study. The

overviews of three empirical studies are presented in Table 1.1, and the

empirical studies are reviewed one by one in greater detalil.
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Table 1.1: Summary of empirical studies

Study Research questions

Data and country

Econometric

Main findings and contribution/policy implications

coverage technique
RQL1: Do financing constraints Data on 21960 firms of ~ Two-step Both the financing constraints and strong IPR protection
hold back firms’ efforts to invest 27 Eastern European probit model have negative effects on firms’ product and process
in innovation activities in and Central Asian with innovation activities. IPR protection is positively
transition economies? transition countries in endogenous associated with firms’ R&D efforts.

the years 2002, 2005 regressors Broadening of access to finance through financial
RQ2: Is strong intellectual and 2009 institutional development and state-dependent mixed IPR
property rights (IPR) protection Main data source: The policy providing protection according to the innovation
desirable for firms’ innovation in  Enterprise Surveys of and resource capability of the industries and firms can be
transition economies? the World Bank a useful innovation policy mechanism in transition

economies.

RQ3: Do contracting institutions  Data on 2305 firms Cragg The efficiency of contract enforcement has positive

and intellectual property
institutions influence the
likelihood of firms engaging in
R&D partnerships and the level
of expenditure on contractual
R&D?

from 40 Eastern
Europe, Central Asian,
Middle East, and North
African countries for the
years 2012-2016

Main data source:
Combined BEEPS V
and MENA ES surveys

double-hurdle
model

impacts on the probability of making R&D partnerships
and the level of firms’ expenditure on contractual R&D.
Tight IPR protection is negatively associated with both
the probability of firms engaging in R&D partnerships and
the level of expenditure.

The quality of the judicial system in enforcing contracts
can encourage collaborative R&D activities.

RQ4: What determines
innovation and technological
progress?

RQ5: Why do some countries
attain greater innovation output
than other countries?

Panel data from
different sources on 98
developed and
developing countries for
the years 1996 - 2018

Fixed-effects
(FE) panel
regression and
unconditional
guantile
regression

(UQR)

Institutional qualities are the significant determinants of
innovation outcomes, as measured by patents, and the
effects of institutions on innovation outcomes are
heterogeneous throughout the distribution.

An extended knowledge production framework through a
link between Romer’s (1990) model and the underlying
institutional factors of a country is introduced. Results
imply that, depending on the institutional qualities of the
specific regions, there is a need for a differentiated
regional innovation policy approach.
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This thesis explores the impact of different levels of the institution (as
defined by Williamson 1998) on three key aspects of innovation, particular

focusing on developing and transition countries.

The first empirical study focuses on incremental innovation activities and
explores the impact of financial institutions and intellectual property
institutions on firm-level innovation. To address the first two research
questions, this study examines the impact of financing constraints and
intellectual property rights protection on innovation activities using firm-
level data from 27 Eastern European and Central Asian transition
countries. This analysis exploits exogenous variations in financing
constraints driven by both the firm-level factors and country

characteristics.

By employing a two-step probit model with endogenous regressors
approach, the first-stage results of this study demonstrate that financial
constraints of the firms are determined by the firm-specific as well as
country-level factors, and that the most prominent country-level factor
explaining the variation in financing obstacles for firms, however, seems to

be overall financial institutional development.

Second-stage results show that financing constraints invariably have
negative impacts on firms' innovation activities across the industry.
Second-stage results on IPR protection reveal an interesting pattern that
tight intellectual property protection is detrimental to firms' product and

process innovation but helpful for the efforts of firms' research and
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development (R&D) in transition economics. Based on this finding of the
effects of IPR protection, this study conjectures that in developing and
transition countries, full IPR protection may prevent the firms in the less
R&D-intensive industries from undertaking incremental innovation through

imitation.

The second empirical study focuses on collaborative innovation and
examines the effect of contracting institutions and intellectual property
institutions on firms’ R&D collaboration. Particularly, it looks at the impact
of the functioning of these two sets of institutions on inter-firm cooperative
R&D agreements in 40 Eastern Europe, Central Asian, Middle East, and
North African developing and transition countries. The data for this
analysis come from the combined Business Environment and Enterprise
Performance Survey (BEEPS) V and The Middle East and North Africa
Enterprise Surveys (MENA ES) database prepared by EBRD. By
employing the Cragg double-hurdle model estimation technique, this study
finds that efficient contract enforcement has a positive effect on the
probability of firms engaging in R&D partnership and the magnitude of
firms' expenditure on contractual R&D. On the other hand, both the
contractual R&D participation decision and intensity of expenditure on
contractual R&D of the firms are negatively affected by the strength of IPR

protection.

The third empirical study focuses on exploring the role of different pillars of
institutions on knowledge production or radical innovation output of a

country. It investigates the impact of property rights protection, quality of
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political institutions and performance of financial institutions on patent
output by analysing a large panel dataset of 98 developed and developing
countries over a period of 23 years. Considering the distributional
heterogeneity of innovation output, this study utilises the unconditional
guantile regression (UQR) with the fixed-effect approach to estimate the
empirical specification derived from the extended knowledge production
framework. The results suggest that, along with the key research inputs,
the strength of intellectual property rights institutions, quality of
governance and performance of financial institutions are the significant
determinants of innovation output measured by the international patent
production. Compared with the standard linear regression estimators, the
unconditional quantile regression (UQR) estimators provide more detailed
information on the influence of institutions and reveal that the magnitude of
the impact of intellectual property institutions, quality of governance,
financial intermediation and other determinants on patent production is

heterogeneous throughout the quantiles of patent output distribution.

As a whole, all three empirical studies of this thesis focus mainly on the
impacts of levels 2, 3 and 4 institutions (as defined by Williamson 1998) on
three different aspects of innovation, namely incremental innovation
activities, collaborative research and development (R&D) activities and
radical innovation outcomes. Property rights (located at Level 2) has two
aspects: horizontal, related to the quality of contracting institutions, and
vertical, related to the risk of expropriation by the arbitrary government

(Acemoglu and Johnson 2005). The horizontal aspect reflects the
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protection of property rights from rivals’ infringement, and this aspect is
captured in empirical studies 1, 2 and 3 through impacts of intellectual
property rights (IPR) protection on the three dimensions of innovation. The
vertical aspect of property rights is more fundamental, and it is protected
through effective constraints on the government's executive branch. This
vertical aspect is fairly captured through the impact of ‘political institutions’
considered in empirical study 3. Contract enforcement is captured in
empirical study 2 via analysing the effect of it on R&D collaboration. The
executive, judiciary, legislative, and bureaucracy (Level 2) result from
politics and reflects through the quality of rules and regulations. These are
capture in empirical study 4. The impacts of institutions of governance
(Level 3) on innovation are analysed in empirical study 2. Finally, the role
of resource allocation (Level 4) on innovation and idea generation is
reflected through investigating the impact of financial institutions on

innovation by empirical studies 1 and 3.

The rest of this thesis is outlined as follows. Chapters 2, 3 and 4 present
the first, second and third empirical studies, respectively. Chapter 5 states
the overall conclusions with policy implications and limitations of the three
empirical studies. It also points out the potential scopes of future research

directions.
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Chapter 2: Innovation within transition economies: The
impact of financing constraints and intellectual property

rights protection

2.1 Introduction

Generally, firms in developing and transition economies lag far behind the
advanced technologies'. From this phenomenon, a natural question
arises: What are the factors that prevent firms from achieving
technological catch-up in those economies? Although past studies (e.g.,
Ayyagari et al. 2011; Gorodnichenko and Schnitzer 2013; Wellalage and
Fernandez 2019) had tried to identify the factors responsible for this
technological gap between the firms of developed and developing
countries over the last few decades, this question is yet to be addressed
fully. This study investigates firms’ innovation activities in transition
economies and attempts to identify the barriers that prevent firms of those

economies from catching up with the world technology frontier.

There are many possible answers to the focal question. By exploring the
economic theories and existing evidence, this study proposes that the
financial resource gap and intellectual property rights (IPR) protection are
two of the crucial factors that may prevent firms of transition countries from
engaging in innovation activittes and thus catching up with the
technological frontier. This proposition is connected to two streams of

literature. First, endogenous growth theory argues that to catch up with the

! See among others Abramovitz (1986), De Long (1988), Acemoglu et al. (2006), Caselli and
Coleman Il (2006) and Ozak (2018) for theoretical debate and Fire et al. (1994), Jerzmanowski
(2007), Comin and Mestieri (2018), Paus (2020) and Chen (2020) for evidence.
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technology frontier firms require significant investment in knowledge
creation or need to adopt technology developed elsewhere, and a firm’s
decision about this investment is shaped by the financing frictions (King
and Levine 1993b; Aghion et al. 2005; Aghion et al. 2018). Hall and Lerner
(2010), for instance, documented that due to the lack of internal financial
resources and underdeveloped financial markets, firms in developing and
transition economies face a funding gap to invest in innovation activities.
Moreover, due to some distinctive characteristics of technological
innovation, such as inherent-uncertainty, intangibility and sunk costs,
some frictions may arise, which can exacerbate the constraints for
innovation activities (see also Kerr et al. 2014; Kerr and Nanda 2015).
Second, the literature on ‘innovation, imitation and intellectual property
rights’ posits that firms closer to the technology frontier avail fewer
imitation opportunities, and rely on their own innovations, while firms lag
behind the technology frontier try to imitate or adopt more productive
technologies from others (Helpman 1993; Acemoglu et al. 2006; Konig et
al. 2016). Since firms in developing and transition countries lag behind the
world technological frontier, imitation activities are more important for them
to catch up with the advanced technologies (Abramovitz 1986; Acemoglu
and Akcigit 2012; Benhabib et al. 2014; Chu et al. 2014). Therefore,
international IPR agreements and internal institutional arrangements for
IPR protection can affect firms’ innovation in developing and transition

countries.

25



Several reasons motivate this empirical analysis. First, whereas the
relevance of financing constraints for firms’ innovation activities is firmly
established, empirical studies on transition economies are scarce. Instead,
most of the past studies have been conducted on firms of developed
economies. Investigating the impact of financing constraints on firm’
innovation, several studies, such as Savignac (2008) and Aghion et al.
(2012) for the French firms, Canepa and Stoneman (2008) for the UK’s
firms, Hottenrott and Peters (2012) for German firms and Caggese (2019)
for Italian firms, provide evidence that financial constraints reduce the
firms’ effort to invest in innovation. Recognising this limitation, studies like
Ayyagari et al. (2011) and Gorodnichenko and Schnitzer (2013)
investigated the impact of financing constraints in the context of transition
economies using firm-level data and found that financing constraints
impede the ability of firms to innovate. However, although the findings
from these studies shed light on the effect of financial constraints, they do
not take into account country-level factors relating to financing constraints
of firms. Therefore, existing studies provide an incomplete response to the
question: Do financing constraints hold back firms’ efforts to invest in
innovation activities in transition economies? Moreover, the effect of
financial constraints on firms’ innovation may vary due to the industry
heterogeneity, which has not been covered fully by the existing studies.
Gorodnichenko and Schnitzer (2013) conducted a sub-sample analysis for
services and manufacturing sector; however, their approach only captures
industry heterogeneity at the aggregate level. Therefore, this study seeks

to address the impact of financing constraints on firm innovation in the
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context of transition economies taking into account of country level factors
relating to financing constraints of firms and industry heterogeneity at a

more disaggregate level.

Second, while intellectual property rights (IPR) protection is crucial for
firms to engage in innovation activities, along with financing constraints,
most of the existing studies on this topical issue do not take IPR protection
into their consideration?. There are different theoretical views about the
impact of IPR protection on firms’ innovation. Some of the economists,
including Grossman and Helpman (1991) and O'donoghue and Zweimdller
(2004), argue that to stimulate innovation, firms need incentives. Strong
IPR protection is one of the incentives that influence the entrepreneurs to
invest in innovation. A different view of this is that strong intellectual
property rights (IPR) protection can only increase firms’ innovation in
developed countries, not in developing and transition economies. For
example, Helpman (1993) argues that tight IPR protection may have a
negative effect on technological innovations in developing and transition
countries as these countries imitate from the developed countries.
According to this view, due to the complexity and huge investment
involved with technological innovation, only developed countries can
develop innovative product and process — i.e., radical innovation — and
firms in developing countries mainly engage in imitation and adoption of

already created and tested technologies. Tight IPR protection may prevent

2 For example, in a R&D growth model, Chu et al. (2020) argue that whether stricter IPR
protection prompts or suppresses technological innovation determined by the credit constraint
faced by the firms.
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firms from imitating and thus impact firm-level innovation in developing and
transition countries (Acemoglu and Akcigit 2012; Kénig et al. 2016). From
these different views, it emerges that it is useful to explore the answer to
the question: Is strong intellectual property rights (IPR) protection

desirable for firms’ innovation in transition economies?

The main objective of this study is to offer new quantitative evidence on
the effect of financial constraints and intellectual property rights (IPR)
protection on firms’ innovation from transition economies. This study
employs a dataset from the World Bank Enterprise Survey (WBES)
database to find the answer to the focal research question. This dataset
contains information about the firm-level innovation activities on 21960
firms of 27 Eastern European and Central Asian transition countries for the

years 2002, 2005 and 2009.

Considering the characteristics of the firms of transition countries, this
study mainly focuses on incremental innovation. It was mentioned above
that since transition countries lag behind the technology frontier, imitation
and adoption of technologies are more prominent for the firms in those
countries (Acemoglu et al. 2006). Firms in transition economies are
engaged in the incremental innovation process, and they innovate through
the making of minor improvements or upgrades to their existing products,
services, processes, or methods (Puga and Trefler 2010; Kim et al. 2012).
Therefore, following Ayyagari et al. (2011) and Gorodnichenko and
Schnitzer (2013), this study defines firms’ innovation as the activities of the

firms which are ‘new to the firm’ but not necessarily new to the world. This
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study uses these two measures to capture firms’ innovation in transition
economies: ‘product innovation’ (measures by the introduction of
technologically new products and services by the firms) and ‘process
innovation’ (measured by the upgrading of existing product lines and
services by the firms). In addition to these measures, to acquire new
insights, this study includes firms’ R&D activities and expenditures as
additional measures of firms’ innovation activities. While product and
process innovation measure the innovation outputs, R&D activities and
expenditures measure the innovation inputs. This study includes R&D
activities and expenditures as the additional measures of innovation since
financial constraints and intellectual property rights (IPR) protection may
impact differently on innovation inputs (i.e., R&D) and the innovation

outputs (i.e., product and process innovation).

The econometric framework employed in this study is the two-step probit
model with endogenous regressors. OLS or regular probit technique can
lead to a biased estimate of the coefficient of ‘financial constraints’
variable because other unobserved factors may affect firms’ financing
constraints3. Therefore, this study employs the instrumental variable
strategy to treat the potential endogeneity in financial constraints and
includes both firm-specific and country-level variables as instruments.
Moreover, to address industry heterogeneity, this study incorporates
industry dummies in the model estimation and introduces interaction terms

of some focal variables with the industry dummies. This study leads to

3 Existing studies such as Beck et al. (2006), Hajivassiliou and Savignac (2008) and Gorodnichenko
and Schnitzer (2013) confirm that financial constraints are an endogenous variable.
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several findings. First-stage results demonstrate that financing constraints
of the firms are determined not only by firm-specific factors but also by
country-level factors like countries’ ability to provide firms access to
finance, financial intermediary development and stock market
capitalisation. Second-step results exhibit that financing constraint has an
adverse effect on firms’ innovation activities irrespective of the measures
of innovation used in this study. Results on the effect of IPR show that
strong IPR protection negatively affects firms’ incremental innovation
success, although additional evidence shows it stimulates firms’
investment in R&D. Results obtained from the interactions between the
predicted value of instrumented financial constraints and industry
dummies, and IPR and industry dummies unfold a significant variation

across industries.

Although this study aligns with that of Gorodnichenko and Schnitzer
(2013), it expands evidence on the effect of financing constraints and IPR
protection on firms’ innovation activities in at least three ways. First, this
study extends Gorodnichenko and Schnitzer (2013) framework by taking
into consideration of the effect of IPR protection on firms' innovation. The
incorporation of both variables into a single study helps to avoid the bias
resulted from missing important variables. The findings of this study reveal
a new insight that the IPR protection impacts negatively on firms’
incremental innovation outcome in transition countries though it
incentivises firms to invest in research and development (R&D). Second,

to treat the potential endogeneity of financing constraints, the existing
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study (i.e., Gorodnichenko and Schnitzer 2013) has used only the firm-
specific instruments, but it is established in the literature (e.g., Levine
2005a; Beck et al. 2006; De la Torre et al. 2017) that firms’ financial
constraints are determined by both firm-specific and country-level factors.
So, unobserved heterogeneity may arise due to uncaptured variation in
the country-related factors. To adequately address the potential
endogeneity, this study includes country-level instrumental variables along
with the firm-level instrumental variables in the model estimation. This
study finds supporting evidence for the significant role of country-level
factors in determining firms’ financial constraints. These results confirm
that this study employs better treatment to address endogeneity. Third,
Gorodnichenko and Schnitzer (2013) only carried out the sub-sample
analysis for the services and manufacturing sector. Their approach only
captures industry heterogeneity at the aggregate level. Different from their
study, this study introduces a set of industry dummies based on more
detailed industry classification and their interactions with FC and IPR. The
findings on the interaction terms of this study confirm that the magnitude of
the impacts of financial constraints and IPR on innovation varies

significantly across the industries.

The rest of this chapter is organised as follows. The next section
discusses related literature to build a theoretical argument for this study.
Section 2.3 presents the methodology of this study. Then, section 2.4

describes the features of data with summary statistics. Section 2.5
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presents empirical findings. Section 2.6 discusses the results and puts

forward policy recommendations. The final section concludes.

2.2 Related literature

2.2.1 The financing of innovation: Theoretical background and

empirical evidence

Innovation investment is different from ordinary investment. Some features
of the innovation process introduce frictions, which can create financial
constraints for firms intending to invest in innovation activities. Moreover,
in developing and transition economies, the credit market is more prone to
imperfections caused by informational asymmetry and weak contract
enforcement. These imperfections can affect the behaviour of lenders and
the price mechanism to clear the market. This section briefly reviews
theoretical literature relating to these issues, followed by a presentation of

empirical evidence.

From the perspective of investment theory, Hall and Lerner (2010) and
Kerr and Nanda (2015) point out that the innovation process has the
following features that make innovation investments distinct from the other
categories of investment. First, innovation projects are inherently uncertain
since the potential outcomes from innovation activities are not clear, and
sometimes they may produce nothing. In addition, the demand for the final
product or the acceptance of the product by the customers is also
uncertain. Due to these uncertainties, outside investors and financial

institutions may be unwilling to finance innovation projects. Second, the
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assets created from the innovation activities are intangible (see Griliches
1981; Haskel and Westlake 2017). However, creditors prefer tangible or
redeployable assets for the security of their loans as tangible assets can
be liquidated easily in case of failure of the projects. Third, the lion’s
shares of the spending of the innovation projects are made up of salary
and training costs for high skilled workers, engineers, scientists and
specialists. If these highly trained workers resign from the firm, then not
only do these expenditures on the training become sunk costs, but also
some other severe consequences arise from their leaving. For example, it
is not easy for a firm to rehire these types of skilled workers immediately
following their resignation since the supply of these types of personnel is
inelastic (Grabowski 1968; Arora et al. 2013; Rong and Wu 2020). So,
firms have to bear high adjustment costs in order to avoid the resignation
of these highly trained employees or to avoid unexpected lay off (Hall et al.
1986; Zhang 2015). Fourth, profits from innovation projects are extremely
skewed. Therefore, it is extremely difficult to evaluate returns from such
kind of projects, and often specialised intermediaries are required to carry
this out. Further, the background of these intermediaries and incentives

requirement can lead to financing constraints for innovation projects.

For financing innovation activities, there are two sources: internal
resources and external sources. Internal resources mainly originate from
retained profits of the firms and new equities, and external sources include
bank loan and other types of debt contract. Firms initially may rely on their

internal capital to invest in innovation projects, but due to the considerable
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investment involved with the innovation, eventually, firms — particularly
SMEs and start-ups — need external finance to pursue their intensive
innovative activities (for example: Brown et al. 2009; Hall and Lerner 2010;
Cincera et al. 2016). According to the Modigliani-Miller theorem, for
deciding the optimum level of investments, firms would be indifferent to
their capital structures and would bear the same price for innovation
investments as other types of investments on the margin (see Modigliani
and Miller 1958). In the neoclassical world, with the frictionless credit
markets, sourcing of finance for an innovation project would not be an
issue, as stated in the Modigliani-Miller theorem. However, the presence
of asymmetric information, moral hazards and high agency costs are the

reality in the financial transaction.

In their seminal works, Akerlof (1970), Leland and Pyle (1977), and Stiglitz
and Weiss (1981) argue that the presence of informational asymmetry
between the firms and external credit providers is a reality during financing
investment projects (can see also Crawford et al. 2018). Financial
transactions are the trade of promise, in which debtors obtain loans on a
guarantee that the lenders will be paid back these loans together with
interest following entering the contract. So, the creditors should know the
borrower’s ability and willingness to pay back the loans. That is why
lenders need to assess the risks and returns of the projects ex-ante and
need to confirm the efforts employed by the borrowers to realise the
proposed projects. Therefore, the distribution of information among the

parties in a financial transaction is crucial. However, due to the presence
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of a high degree of informational asymmetry and complexity involved with
the innovation projects, it is difficult for the external credit providers to
assess the potential value of projects. Consequently, ‘adverse selection’
may occur in the financial markets. Since creditors and borrowers hold
different information about the potentiality of the project, creditors often falil
to differentiate between ‘cherry’ (good project) and ‘lemon’ (bad project),
like the car market, as stated by Akerlof (1970). This adverse selection
may lead to the complete failure of markets where the initial investments

cannot be financed (Bouvard 2014).

For the presence of informational asymmetry, it is challenging to write
complete contracts (see Grossman and Hart 1986; Aghion and Tirole
1994; Hart 2017). This is due to the incompleteness of contract agency
costs that arise in a financial transaction, which increases the cost of
innovation projects more significantly than that of the standard set-up of
project financing (see also Agénor and Canuto 2017). Myers and Majluf
(1984) claim that information asymmetry leads to a similar result in the
stock market. Their model shows that in the equity market, due to
asymmetric information (where investors are in a disadvantageous
position regarding information about the potentiality of the projects), firms
are bound to issue equities at a highly discounted rate for attracting
investors. They claim that this excessive discount rate in issuing equities
can indicate such excessive dilution of present shareholder and current
assets of the firms that firms may refuse to issue stock to implement a high

potential project (can see also Lemmon and Zender 2019).
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Besides this adverse selection, ‘moral hazard’ problems may occur in the
capital market during financing innovation owing to conflicts of interests
between managers and investors (Crawford et al. 2018). Hall and Lerner
(2010) argue that two types of principal-agent problems can arise from the
financial market: first, managers can redirect finance to their own gains
and second, managers are generally risk-averse, and they can escape
sanctioning loans for high-variance innovation projects. In addition to this
principal-agent problem, moral hazard can also arise from the debtors’
part as they can possibly use the loans for other purposes instead of
investing in productive innovation projects. As a result, borrowers exert
less effort for the completion of the project, which can exacerbate the
recovery of the loans. This form of moral hazards, however, can be
diminished by demanding a high level of collateral from the firms (Bester
1987). But most of the small firms hold fewer levels of collateral to meet
the high collateral demand from financing agencies. Consequently, firms
face constraints in getting finance for implementing their innovation

projects (see also Poblete and Spulber 2017).

From the theoretical views discussed above, it is clear that for bearing
some distinctive features (like uncertainty, intangibility and sunk costs) by
the innovation activities and for the presence of market inefficiencies (such
as ‘adverse selection’ and ‘moral hazard’), demand and supply of credit for
implementing innovation projects cannot reach equilibrium at the market
rate of interest. Due to the uncertainties in the projects’ payback capacity,

investors may expect a higher return from the investments in innovation
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projects, which can lead to a higher cost for borrowing from external
sources. Although different tools like signalling, reputation, monitoring,
screening, or market institutions (prescribed by Akerlof 1970; Spence
1973; Stiglitz and Weiss 1981) can be used to reduce the imperfections
from the financial markets, such tools impose a substantial extra cost on
the financing of innovation (see Jensen and Meckling 1976; Williamson

1986; De la Fuente and Marin 1996; Takalo and Tanayama 2010).

The developing and transition economies fare poorly in terms of their
financial institutional development, an indicator of which is the persistent
existence of credit constraints for the firms. Credit constraints for the firms
in developing countries mainly arise from the shortage of capital and low
quality of financial institutions (Buera et al. 2015; Ranasinghe and
Restuccia 2018). Besides, in developing and transition countries, financial
markets are suffering more from various frictions that can limit the
opportunity for the entrepreneurs to gain access to external finance for
their innovation activities. For the presence of informational asymmetry
and a lack of collateral, innovative firms — particularly small and medium-
sized enterprise (SMEs) — are likely to face financing constraints for their
innovation projects. Takalo and Tanayama (2010) argue that if there is a
present non-negligible share of non-viable projects within an economy,
then informational asymmetry about the quality of innovation projects may
create financing constraints, specifically for the collateral-poor firms. In a
model with the endogenous skill distribution and credit market frictions,

Agénor and Canuto (2017) show that financing constraints due to high
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monitoring cost have an adverse impact on the innovation activities in
developing countries because only a very few firms may choose to invest
in skills. For the presence of credit market imperfections in developing and
emerging countries, some argue that stock market formation may play a
vital role in providing access to external finance for firms in those
economies. However, in the context of the poor state of institutional
environment and economic underdevelopment, stock market formulation is
less likely to ease access to finance for the firms and sometimes the side
effect of stock market may outweigh its benefits. For example, Carpenter
and Petersen (2017) show that new equity financing has some benefits
over debt financing, however in developing countries it may be very costly

compared to internal finance.

Finally, from the literature, it emerges that in developing and transition
countries, financial markets are more prone to the imperfections (such as
adverse selection and moral hazard) that arise out of informational
asymmetry. These market imperfections, together with the financial
distress, may cause the pervasive presence of credit constraint in
developing and transition economies which potentially leads to funding

gaps for the firms to finance innovation activities in those countries.

Empirically, to know the existence of financing constraints for firms’
innovation activities, existing studies such as those of Czarnitzki and
Hottenrott (2011); Aghion et al. (2012); Brown et al. (2012); Cincera et al.
(2016); Hall et al. (2016); Loof and Nabavi (2016); Peters et al. (2017)

investigated the sensitivity of R&D investment to financial factors by using
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data mostly from developed countries. Identifying and measuring financial
constraints remain the main challenges for empirical studies. So, using a
measure of financing constraints adopted by Fazzari et al. (1987), most of
these existing empirical studies have tried to identify the impact of financial
constraints on firms’ R&D activities. They examined the sensitivity of R&D
investment to the change in available funding sources, predominately with
the cash-flow. These studies estimated data using either the standard
investment model or structural framework of the Euler equation. In
general, the results of these studies indicate that firms’ R&D investments
are more sensitive to cash-flow. This excess sensitivity of cash-flow is
regarded as the implicit indication of an obstacle to access to finance for
firms’ R&D activity. However, Kaplan and Zingales (1997) provide
evidence that the high sensitivity of investments to cash-flow cannot
always be interpreted as an indication of financing constraints. According
to their study, firms’ cash flow provides information about firms’ future
investment opportunity, so investment cash-flow sensitivity may occur
based on firms’ sensitivity to demand signal. Therefore, instead of using
cash-flow as the measure of financial constraints, some studies (e.g., Li
2011; Fang et al. 2014; Hottenrott et al. 2016) use stock liquidity or the
stock of working capital of firms as the measure of financing constraints
and R&D activity or patents as the measure of innovation. They found that
financial constraints impede firms’ innovation. Hottenrott et al. (2016)
studied the effects of financial constraints on firms’ patenting activity for a
panel of German firms. They showed that firms’ patenting activities,

particularly recent patent applications, have been reduced by the financial
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constraints for SMEs, specifically when informational asymmetry is high,

and collateral value is low.

Otherwise, the use of the self-reported qualitative measure of innovation
and financial constraints obtained from the firm-level surveys has emerged
over the last few years. A few empirical studies (i.e., Canepa and
Stoneman 2008; Ayyagari et al. 2011; Gorodnichenko and Schnitzer 2013;
Coad et al. 2016a; Hottenrott et al. 2016) have been conducted by using
this more direct measure of financing constraints and firms’ innovation.
Hottenrott and Peters (2012) examined the effect of financing constraints
on firms’ innovation in Germany. Their probit estimation shows that firm
with a high innovation capacity and low internal resources faces severe
constraints for financing innovation activities. Investigating a sample of
developing countries, Ayyagari et al. (2011) found that greater access to
external finance has a positive impact on firms’ innovation. In a similar
vein of study, by using the Business Environment and Enterprise Survey
(BEEPS) database, Gorodnichenko and Schnitzer (2013) examined the
effect of financing constraints on firm-level innovation in transition
economies. By using a firm-level instrumental variable, their probit
estimation found that financing constraints restrict firms to invest in

innovation activities.

The existing literature has emphasised other factors that impact the
financing of innovation. The literature argues that financing constraints for
innovation may vary by firm-specific, industry-related and country-level

factors. Firm-related factors, like the firm’s size, age, and ownership,
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sometimes play a crucial role in getting finance for funding innovative
projects (Hall and Lerner 2010; Akcigit and Kerr 2018). SMEs may face
relatively harsher financial constraints as they have limited internal funds
to invest in innovation than large and established firms have (Carpenter
and Petersen 2002; Lee et al. 2015). So, SMEs and newly established
firms have to search outside financiers for funding for their innovation
projects. Nevertheless, due to the lack of track record and assets to use
as collateral, it is difficult for them to get finance from external sources
(Ayyagari et al. 2017). Therefore, smaller and newly established firms are
sometimes either unable to raise funds for innovation projects at all or only
able to get funds at a much higher cost and thus, instead of engaging in
radical innovation, they may engage in incremental innovation (Caggese

2019).

In addition to firm-specific factors, differences in the industries are also
significant in determining financing constraints for firms’ innovation. In the
traditional industry with good track records, it is relatively easy to finance
innovation, either from internal or external sources. It seems that the
profitable industries are less dependent on external funds because, in the
profitable industries, firms can raise funds from their retained profits (see
Hall and Lerner 2010). In the riskier industries, particularly the high-tech
industry, it is more difficult to get finance for innovation due to risk factors
involved with investment (Kerr and Nanda 2015). In high-tech industries,
innovation project is more likely to be the type that has not been

undertaken anywhere before. So, it is much more difficult to evaluate such
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kinds of projects to determine the appropriate discount rate to invest
(Griliches and Stoneman 1995). Moreover, in the high-tech industry, the
presence of asymmetric information is higher, and the financing
constraints high-tech firms face are obvious (Himmelberg and Petersen

1994).

Literature also expresses that firms’ innovation is differentially affected by
the country characteristics where firms are operating. The argument is that
firms’ financing obstacles can be influenced largely by the cross-country
differences in financial market development, stock market capitalisation,
GDP level and legal environment (Levine 2005a; Bruno et al. 2015; De la
Torre et al. 2017). In countries where financial intermediaries are more
developed, stock market capitalisation is higher and legal systems are
more efficient; firms may face fewer constraints for financing innovation
than they would face in the less developed financial and legal systems

(Love 2003; Korosteleva and Mickiewicz 2011; Hsu et al. 2014).

Key findings of the past empirical works on the effect on financing
constraints and IPR on firms’ innovation activities are summarised in

Appendix Table Al.

In summary, it emerges that finance has a role in firms’ innovation. From
the literature, it can expect that financing constraints are negatively

associated with firms’ innovation. Accordingly, key hypothesis 1 is:

Key hypothesis 1. Financing constraints have a negative impact on the

probability of firms' engaging in innovation activities.
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2.2.2 IPR protection and innovation: Theoretical argument and

empirical evidence

Innovation activities in developed and developing countries differ
significantly. Owing to the scarcity of funds and low levels of existing
knowledge, firms’ innovation strategy in developing countries tends to
imitate original innovation. For this reason, international IPR agreements
and internal institutional arrangements for IPR protection are crucial for
firms’ innovation in developing and transition countries. This section
discusses the theoretical debate over the IPR protection in developing

country context with empirical evidence.

While there is a unanimous agreement that technological catch-up is
necessary for economic development (Abramovitz 1986), there has been
a debate over the IP protection strategy that accelerates this process in
developing countries. The debates are frequently placed in the North-
South frameworks, where the dominant argument is that developing
countries (i.e., South) are likely to be the loser from strengthening IPR
protection. One of the pioneers of this view, Helpman (1993), argues that
developing countries cannot benefit from tight intellectual property rights
(IPR) protection. He examines the enforcement of IPR within a dynamic
general equilibrium framework in which developed countries innovate the
new product and process, and developing countries imitate them. He
claims that developing countries cannot obtain gains from the tight IPR
protection, since strong IPR protection can shift the terms of trade against

developing countries and cause the reallocations of resources towards
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higher-priced products of developed countries, which eventually reduces
innovation in developing countries. The central argument of the North-
South debate on IPR is that tight IPR protection can be depressing to the
innovation capabilities of domestic firms in developing countries, which
eventually reduces the country’s innovation ability in the long run (see also
Chin and Grossman 1988; Segerstrom 1991; Chen 2018). In line with this
debate, some others, including Acemoglu et al. (2006), Chen and
Puttitanun (2005), Kdnig et al. (2016) and Hwang et al. (2016), argue that
the choice of enforcing IPR in developing countries depends on its
development level. According to this argument, at the initial stage of
economic development, when countries are far behind the advanced
technologies, firms pursue an adoption-based strategy and try to develop
through imitating more productive technologies of others. When it starts to
develop, it comes closer to the technology frontier and switches from an
imitation strategy to an innovation strategy. Only at this stage, firms’
innovation will increase with the increase of their IPR protection (see Chen

and Puttitanun (2005) for empirical evidence).

There are, however, some arguments on why developing countries require
strong IPR protection. First, Lai (1998), Yang and Maskus (2009),
Branstetter et al. (2011) and Branstetter and Saggi (2011) argue that the
benefit of increased foreign direct investment (FDI) inflow and associated
technology transfers into developing economies resulting from
strengthening IPR protection may be more than the benefit of imitative

activities. In the North-South international trade cycle framework, they
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model that the strengthening of IPR in developing countries can reduce
the imitational activities, which in turn, increases the foreign direct
investment (FDI) inflow. This increased FDI can increase the rate of
technological innovation and technology transfer into the developing
countries, and these benefit more than offset any reduction in manufacture
from imitation. The benefits of strengthening IPR depend critically on
whether this increased FDI transfer takes place through the channel of
production transfer and on the declining rate of imitative activities. Second,
Diwan and Rodrik (1991) argue that enforcing IPR becomes more
important when the two regions differ in technological need. Without the
enforcing of IPR by the Southern countries, the North would not develop
technologies that are mostly needed by the Southern countries. Third, to
protect piracy by the Southern firms, Northern firms may follow strong anti-
piracy policy or make the technology more difficult to imitate, which can
lead to a situation where firms cannot pirate or share technologies (Yang
and Maskus 2001). Fourth, although free-riding on others’ technologies
reduces the cost of R&D, it can yield a potential indirect cost since firms
that violate IPR cannot export to other countries. In fact, after the
emergence of the Trade-Related Aspects of Intellectual Property Rights
(TRIPS) agreements of the World Trade Organisation (WTO), member
countries need to enforce IPR strongly if they want to export and get
access to the markets of other countries (Maskus and Penubarti 1995;
Taubman et al. 2012). Klein (2018) argues that such international IPR
agreement among developing countries can allow mutual benefits through

increased FDI inflow.
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Importantly, these above arguments in favour of strong IPR seem to
suggest that the benefits of strengthening IPR depend on different factors.
Institutional qualities of developing and transition countries play a critical
role in gaining benefits from increased FDI resulting from strengthened
IPR (Ali et al. 2010; Brandl et al. 2019). Markusen (2001) argues that
contract enforcement is vital among the institutional qualities that influence
FDI into the host country and host-country welfare (see for evidence Du et
al. 2008; Seitz and Watzinger 2017). He argues that if third-party contract
enforcement through the courts encourages foreign investors to shift from
trading to local production, both the investors and host country are better
off. If enforcement leads investors to undertake projects focusing on
distribution instead of producing inside the host countries, the host
countries are indifferent or worse off. Efficient contract enforcement works
as an incentive to the foreign investor to become involved in local
production because it ensures the investors’ right of control over the
intellectual property and physical property in the host countries (Aghion
and Tirole 1994; Arora and Merges 2001; Pagano and Rossi 2004).
Developing and transition countries, however, are struggling over the lack
of institutional qualities as their institutions are either non-exists or not
functioning well (Acemoglu and Robinson 2000; Rodrik 2000; Yang and
Sonmez 2013). In developing and transition countries, the weak
enforcement of contracts may lead foreign investors to undertake projects
focusing on distribution instead of producing inside of those countries (see

for evidence Javorcik 2004).
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As literature discussed above, there are different arguments whether tight
or lax IPR protection help or hamper firms’ innovation activities in
developing and transition countries, but so far, it has not been fully
discovered (Arora 2009). Hence, it is worth investigated further the impact

of IPR protection on firms’ innovation activities in those countries.

Existing empirical studies on the impact of intellectual property rights (IPR)
protection on innovation provide mixed results. Kanwar and Evenson
(2003) show that IPR protection works as an incentive to spur innovation.
Analysing a panel of data on R&D investment and patent protection from
32 countries over the period 1981 to 1990, they find a significant positive
association between IPR protection and R&D investment. However, their
sample covers mostly developed countries. Papageorgiadis and Sharma
(2016) investigate the impact of the enforcement-related component of
IPR systems with IPR regulations on innovation by using panel data from
48 developed and developing countries. Their study shows that the
strength of IPR regulations and IPR protection both have a positive
nonlinear influence on innovation. Krammer (2009) analyses panel data of
16 Eastern European transition economies and results suggest that IPR
protection increases the propensity to patent significantly, while the
measures of transition downturn and industrial reform diminish it.
However, he expresses that the results of this investigation should be
interpreted with some caution because the patent does not reflect the

whole range of innovation activities in transition economies.

47



The theoretical view on the U-shaped relationships between IPR
protection, countries’ development level and technological innovation in
developing countries has been supported by the findings of Chen and
Puttitanun (2005). Investigating a panel of data from 64 developing
countries, their findings confirm both the positive impact of the
strengthening of IPR on innovation and the presence of U-shaped
relationships between IPR protection and economic development level. By
using the patent application as the measure of innovation, their study
shows that in the developing countries innovation increases with the
increased IPR protection, and countries’ optimal IPR depends on the level
of technological ability. Hudson and Minea (2013) also find a U-shaped
relationship between intellectual property protection level and innovation
activities for 62 developed and developing countries in the year 1980 to
2009. By using Ginarte and Park's (1997; 2008) index of patent rights as
the measure of IPR protection, their study shows that countries with an
average level of IPR protection can benefit from the strengthening of IPR
in terms of innovation (measured by patent granted by USPTO) and
countries with a very high or low level of IPR protection experience less
innovation from IPR strengthening. They also found that the positive effect
of the strengthening of IPR protection on innovation becomes substantially

greater with the increase of per capita GDP.

There are, however, some studies (i.e., Allred and Park 2007; Kim et al.
2012; Sweet and Maggio 2015) which provide evidence that the impact of

IPR protection depends on countries’ development level and that only a
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developed country, with an initial above-average level of development and
a higher level of technological capabilities, can enjoy the positive effect of
strong IPR protection. Analysing data from 1965 to 2000 for 100 countries,
Allred and Park (2007) demonstrate that strong patent protection has
positive impacts on firms’ innovation activities (measured by patents and
R&D expenditures) and on technological diffusion up to some point only in
developed economies. However, it does not have such a significant
positive impact on innovative activities in developing countries. By
investigating data from 70 countries, Kim et al. (2012) show that patent
protection can enhance patentable innovation only in the developed
countries where the capacity to conduct innovative research and
development exists, but not in developing countries. Their study suggests
that a country with weaker technological capabilities should focus on a
protection system that provides incentives to conduct minor and
incremental innovations. Sweet and Maggio (2015) demonstrate almost
the same results by analysing data from 94 countries over the period 1965
to 2005. They exhibit that the positive impact of strong IP protection
depends mainly on countries’ ability to expand their production frontiers
and applying implicit and explicit advances of innovation. Their results
show that strong IPR hampers innovation activities in developing

countries.

However, some studies (i.e., Moser 2005; Qian 2007) find no significant
evidence of the effect of IPR protection on innovation and, in some cases

(e.g., Lerner 2009; Woo et al. 2015), even find the negative effect of tight
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IPR protection on technological innovation. By evaluating the impact of
national patent protection on innovation in the pharmaceutical sector of 26
countries for the year 1978 to 2002, Qian (2007) shows that only patent
protection cannot promote domestic innovations in a country. Woo et al.
(2015) found that excessive enforcement of IPR may impede sequential
innovations. By using a panel dataset on 3 industries of 12 countries, their
simultaneous equations estimations show that increased enforcement of

IPR has a negative impact on the patented knowledge.

However, evidence on the effect of the strengthening of IPR protection on
firms’ incremental innovation in transition economies is scarce. Existing
studies have emphasised the patent as a proxy to measure innovation.
The results of these studies should be treated with some caution in the
context of transition economies because, although patent can be a good
proxy measure for commercially relevant new technologies, it does not

reflect the whole spectrum of innovation activities of transition countries.

In summary, firms in transition countries lag behind in innovating
pioneering technologies; instead, they often are involved in incremental
innovations, and full IPR protection can be detrimental for firms’

incremental innovation activities. Accordingly, key hypothesis 2 is:

Key hypothesis 2. In transition economies, firms are less likely to engage

in incremental innovation activities when IPR protection is stronger.

50



2.3 Empirical strategy

2.3.1 Basic specification

Theoretically established interrelationships between firms’ innovation
activities, financial constraints and intellectual property rights protection
outlined above are to be determined jointly. To investigate these
theoretical interrelationships empirically, in line with the previous study of
Gorodnichenko and Schnitzer (2013), this study specifies the baseline
model in Eqg. (1). In this specification, the association of the variables of

this study are modelled by using innovation (I;..) as the function of

instrumented FC and all other independent variables.

Ifict = ¢lao+BoFCoict+ B1IPRe + ¥ Zgict + Mi + ke + P + Efietl 1)
where [ denotes innovation, ‘FC’ denotes financial constraints, IPR
indicates intellectual property rights protection level, Z is a vector of other
controls and ¢ is the error term. ¢ refers to c.d.f. of the standard normal
random variable. f,i,c and t denote firms, industry, country and year,

respectively. n;, x, and p, are the industry, country and year fixed effects,

respectively.

2.3.2 Measures

Dependent variable

This study employs four different measures to capture the innovation

activities of the firms in transition countries. Generally, firm-level innovation
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can be measured by focusing either on knowledge capital inputs such as
training, equipment, R&D activities and intellectual property acquisition or
on innovation outcomes such as introducing the technologically new
product, service, production process and upgrading of existing production
method (Stoneman 1995; Moser 2013; Fagerberg et al. 2016). The main
feature of the World Banks’ Enterprise Surveys dataset is that it provides
measures on both innovation inputs and innovation outputs. Innovation
inputs are measured by the firms’ expenditures on acquiring knowledge
capital, including R&D expenditure, expenditures on training and
expenditures on acquiring external knowledge. Innovation outputs are
measured by the introduction of new products or processes and the
upgrading of existing products or the production process by the firms.
Considering the context of transition economies, this study mainly focuses
on innovation outcomes on capturing incremental innovation activities of
the firms and uses two self-reported qualitative measures of innovation:
‘product innovation’ and ‘process innovation’. The Oslo Manual (2005)
refers to product innovation as the new or significantly improved products
or services and process innovation as the new or upgrading in the
production process, marketing and delivery methods. For example,
automation or developing IT-base marketing and logistic processes are
the process innovation. According to the definition of the Oslo Manual
(2005), firm-level innovations do not necessarily be new to the world but
can be new to the firm. The World Banks’ Enterprise Surveys conducted
by following the Oslo Manual. The surveys asked firms to report whether

they have initiated any of the following during the last three years:
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introduced a new product or service (henceforth ‘product innovation’);
introduced new or significantly improved process (henceforth ‘process
innovation). Firms can report any initiative as an innovation if they have

adopted it from others or improved the existing technologies*.

Naturally, the self-reported qualitative measure has some limitations for
econometric analysis due to the subjective nature of the questions used in
the survey (Mairesse and Mohnen 2010). Nonetheless, in the transition
country context above, self-reported qualitative measures of firms’
innovation activities have some advantages over more frequently used
measures of innovation because in-house R&D activities or patenting
activities are less seen in developing and transition economies. Due to the
complexity and vast investment requirement for the original innovation,
firms of developing or transition economies engage more in the
incremental innovation process than become involved in in-house original
innovation activities for the radical or pioneering inventions. They make an
effort to innovate by introducing technologically new products/services or
upgrading their existing product line through copying others’ products or
adopting already-innovated more productive technologies from others
(Segerstrom 1991; Grossman and Helpman 1994; Mukoyama 2003;
Gorodnichenko et al. 2010; Konig et al. 2016). Consideration of this

imitational and adoption phenomenon of firms’ innovation in transition and

4 Although product innovation and process innovation variables mix different types of innovation
here and it is not possible to capture the incremental and radical innovation differently, firms in
the developing and transition economies mostly involved in the incremental innovation and
effort to innovate by copying others’ innovation or upgrading existing technologies (see
Segerstrom 1991; Grossman and Helpman 1994; Mukoyama 2003; Gorodnichenko et al. 2010;
Konig et al. 2016).
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developing economy is essential. Therefore, to capture the existing picture
of firm-level innovation in transition countries, this study measures firms’
innovation activities focusing on innovation outcomes following some
previous studies (i.e., Ayyagari et al. 2011; Gorodnichenko and Schnitzer
2013). For a whole picture of the innovation activities of the firms in
transition economies, this study also incorporates R&D activities of the
firms in the model estimation as an additional measure of innovation by
following the previous studies of Czarnitzki and Hottenrott (2011), Brown
et al. (2012) and Hall et al. (2016). Justification of adding R&D as an
additional variable is that firms’ financing constraints and IPR may have
different impacts on innovation input (i.e., R&D) than on innovation output

(i.e., product and process innovation).

Independent variables

For measuring financing constraints (FC), this study uses the degree of
the obstacle of access to finance assessed by the firms. This self-reported
measure of financing constraints captures the obstacles directly faced by
the firms when they tried to finance their projects. Firms were requested to
report on a ‘0O’ to ‘4’ scale to indicate how difficult they found it to gain
access to finance; here, difficulties include availability, costs, interest
rates, fees, and collateral requirements. However, for using this self-
reported qualitative measure of financing constraints of the firms instead of
using usual measures, which are often used to measure financing
difficulties (see, e.g., Ayyagari et al. 2011), endogeneity problems may

arise due to the subjectivity of the questions or from cultural biases. The
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previous study of Gorodnichenko and Schnitzer (2013) has taken these
potential problems into account, but their study was not able to cover all
problems fully as they introduced only firm-level instrumental variables
strategy. So, it is essential to check this potential endogeneity problem by
introducing alternative macroeconomic variables. To fulfil this purpose,
along with firm-level instrumental variables, this study introduces country-
level instrumental variables to capture unobserved-heterogeneity due to

cross-country differences.

For measuring the strength of the intellectual property rights (IPR)
protection of a country, this study uses an IPR index upgraded by the
Property Right Alliance (following Kukharskyy 2020). The benefit of using
this index is that it covers three broad areas of intellectual property
protection. This index is calculated based on intellectual property
protection, patent protection and copyright privacy level of the country. A
grading scale of the IPR ranges from ‘0’ to “10’, where 0 is the lowest
rating and 10 is the highest rating for the strength of property rights
protection within a country. This index is initially formed by Ginarte and
Park (1997; 2008), which comprises of five categories of patent protection:
(i) level of patent coverage, (ii) affiliation to international patent
agreements, (iii) provision for losses of protection, (iv) enforcement
system, and (v) length of patent protection (see Park 2008). In the updated
index, the level of piracy is included with the previous five categories of
patent protection. The first five categories capture the strength of de jure

book laws of the patent protection and piracy level in the IP sector
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captures the de facto IPR enforcement (Marron and Steel 2000; Depken
and Simmons 2004). Therefore, this updated IPR index measures the
protection level of IPR of a country both from the de jure and the de facto

perspectives.

Control variables

In the estimations, this study also includes a set of firm-, industry- and
country-level factors that may have impacts on firms’ innovation (Furman
et al. 2002; Becheikh et al. 2006; Gorodnichenko and Schnitzer 2013; Hsu
et al. 2014; Protogerou et al. 2017). This study includes some firm-specific
factors like firms’ age, size, competitiveness, international orientation,
workforce human capital and knowledge acquisition as the control

variables in the regression model.

To measure the firm’s age, the logarithm of the firm’s age is used. Some
suggest that an older firm develops resistance to innovation, and others
argue that an older firm accumulates knowledge that is essential for
innovation. There is supporting evidence for both opinions (Coad et al.
2016a). To capture a firm’s size, the logarithm of a total employee of the
firm is utilised. The rationale behind including this variable is that firms with
large numbers of employees come up with more human resources to
invent, and they can gain from the economies of scale in innovation as

well as marketing.

This study uses two measures of the competitiveness of the firm. First, a

dummy variable is used, which indicates whether the firm competes in the
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national market or not. Second, following Gorodnichenko and Schnitzer
(2013), this study uses capacity utilisation measured by the percentage of
temporary employees to the total employees of the firm. Ayyagari et al.
(2011) opine that the firm’s capacity utilisation is one of the critical
predictors of a firm’s innovation. When the firm is busy filling its current
demand, it may be more interested in expanding its capacity rather than
innovation. On the other hand, if a firm is at capacity, then it may be

interested in innovating.

To measure the international orientation of the firm, this study utilises the
share of imported material inputs of the firm. Generally, using material
inputs and supply from the foreign markets stimulates a firm’s innovation
since international firm and market usually have better technology,
process and product. The number of skilled workers is used in our study to
indicate workforce human capital and knowledge acquisition of a firm and
is likely to have a positive impact of this variable on the innovation

activities of the firms.

Finally, although sample countries of this study are from the same region
and the same background, they are not homogeneous in their level of
economic development. There are substantial differences in the structure
and development of financial institutions and markets across countries
(see, e.g., Beck and Demirguc-Kunt 2009). To capture the effect of the
overall development level of the country, this study includes GDP per
capita in the model. A description of the variables is presented in Table

2.1.
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Table 2.1: Variables and definitions

Variable

Full variable name

Definition

Source

Measures of innovation

Prod_In

Proc_In

RD

RDExpn

Independent
FC

IPR

Control
LnAge

Product innovation

Process innovation

R&D activity

R&D expenditure

Financial constraint

Intellectual property
protection

Firms’ age

Coded O or 1: Prod_In =1 if firms introduced new
product/service in the last three years prior to the date of
the survey; Prod_In = O if otherwise

Coded O or 1: Proc_In=1if firms introduced
new/significantly improved process in the last three
years prior to the date of the survey; Proc_In =0 if

otherwise

RD takes the value 1 if firms involved in R&D activities
(in-house or outsourced) and 0 otherwise

The logarithm of firms’ expenditures on R&D

A five-category scale of obstacles of access to finance
assessed by the firms: 0 = No Obstacle, 1 = Minor
Obstacle, 2 = Moderate Obstacle, 3 = Major Obstacle,
and 4 = Very Severe Obstacle

An index that captures six categories of the strength of
de jure book laws and de facto enforcement of IPR in a
country [ranges from 1 to 10, with a higher score
indicating the stronger level of protection]

Age is the logarithm of the number of years from the
beginning of the operation of the firm to the year of

survey

Enterprise Surveys, World
Bank

Enterprise Surveys, World
Bank

Enterprise Surveys, World
Bank

Enterprise Surveys, World
Bank

Enterprise Surveys, World
Bank

Property Right Alliance
database

Enterprise Surveys, World
Bank
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Table 2.1 (Continued)

Variable Full variable name Definition Source
LnEmp Firms’ size The logarithm of the total employees of the firms Enterprise Surveys, World
Bank
Comp Market competition Comp = 1 if the firms compete against the other firms at  Enterprise Surveys, World
a national level Bank
TEmp Capacity utilization The share of the temporary employee as % of the total ~ Enterprise Surveys, World
employees Bank
Iminputs Imported inputs % of material inputs and supplies of the firms from Enterprise Surveys, World
foreign origin Bank
Skill Skills of employees Skilled employees of the firms (%) Enterprise Surveys, World
Bank
LnGDP GDP per capita GDP per capita (constant 2010 US$) World Development
Indicators (WDI), World
Bank
Instrument
Due Overdue payment Due takes value 1 if firm pay for any material Enterprise Surveys, World
inputs/services after delivery in the last fiscal year and 0  Bank
otherwise
Loss Unexpected losses Losses due to power outages, lost exports, and theft (%  Enterprise Surveys, World
of sales) Bank
AF Access to finance Firms with a bank loan or line of credit (%) Financial Development and
Structure dataset, WB
CP Depth of the financial Domestic credit to the private sector (% of GDP) Financial Development and
sector Structure dataset, WB
STOCK Stock market The ratio of stock market capitalisation to GDP Financial Development and

capitalization

Structure dataset, WB

Note: Ln denotes the natural logarithm of the variables
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2.3.3 Estimation technique: The problem of endogeneity and a two-

step probit model with endogenous regressors approach

The most straightforward strategy for estimating the basic specification of
this study would be OLS or a probit model. A concern is that explanatory
variable financial constraint (FC) is, in fact, endogenously determined by
other unobserved factors. At first, to test for the relationship between firms’
innovation, financial constraints and IPR protection level, this study
estimates the baseline model by using the standard probit regression
technique. However, it shows a weak negative relationship between the
measures of firms’ innovation activities and financial constraints (FC). This
downward bias is present due to the effect of omitted variables or
measurement errors (Wooldridge 2010). Previous studies show that the
presence of endogeneity in the independent variable FC may lead to
biased estimates (e.g., Hajivassiliou and Savignac 2008; Gorodnichenko
and Schnitzer 2013). Therefore, FC was tested for endogeneity with the
help of the Durbin test and the Wu-Hausman procedure suggested by
Greene (2012), Hausman (1978) and Wu (1973). Both the Durbin score
statistics as well as the Wu-Hausman statistics suggest that we should

reject the null hypothesis that the variable FC is exogenous.

The instrumental variables (IVV) approach is the most commonly used
technique for treating the endogeneity problem. Wooldridge (2010)
suggests that a successful IV strategy can correct not only the omitted

variable biases but also the classical form of measurement error in the
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endogenous variable. Therefore, this study introduces an instrumental
variable strategy and finally estimates the model by using a two-stage
estimation strategy. This study introduces two firm-level and three country-
level instrumental variables, which can affect financing constraints faced

by firms but do not affect firms’ innovation activities directly.

Following Gorodnichenko and Schnitzer (2013), overdue payment and
unexpected losses of the firms are included as the firm-level instrumental
variables. There are several reasons for using these two variables as the
instrumental variables. When firms are confronted with financial
constraints, they may delay payments to suppliers. In our sample, around
70% of firms use internal resources to fund new investments. Therefore, it
is very unlikely that the firm deliberately depends on non-payment, except
they confront a substantial lack of liquidity (see Gorodnichenko and
Schnitzer 2013). The argument for using the unexpected losses as the
instrument is that it is the exogenous shock to the firms’ cash-flow. This
shock affects not only the firms' internal funds but also reduces the firms’

external creditability.

However, firms’ financial constraints are determined not only by the firm-
related factors but also by the institutional factors of the country of origin.
Access to finance by the firms for their innovation can be influenced
largely by the financial market development, stock markets development
and overall development level of a country (Levine 2005a; De la Torre et
al. 2017). Beck et al. (2006) present evidence that cross-country

differences in the firm’s financing obstacles are significantly explained by
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the level of financial institutional development of the countries (see also
Korosteleva and Mickiewicz 2011). Therefore, to adequately treat
endogeneity in FC, this study considers three country-level instrumental
variables which influence firms’ financing obstacles. Following the seminal
works of Rajan and Zingales (1996) and King and Levine (1993b), this
study uses the domestic credit to the private sector (% of GDP) and the
ratio of stock market capitalisation to GDP as the country-level factors in
influencing financing obstacles. These two variables measure the depth of
the financial market of the country (Love 2003; Hsu et al. 2014). Country’s’
ability to provide access to finance for the firms is another factor in
determining cross-country deviation of a firm’s financial obstacles. So, this
study includes another country-level variable, the percentage of firms with
the bank loans or line of credit, to measure the ability of a country to

provide the firms to access to finance.
The first-stage instrumental variables strategy is as follows:

FCpier = agtPoDueyics—1 + B1LosSpice + B2AF + B3CPey + BuSTOCK
TV Zpier T Ni + K+ Pt €pic )

where Due is the overdue payments of the firms, which is a binary
variable; Loss denotes unexpected losses of the firms; AF indicates
access to finance; CP denotes credit to the private sector; STOCK is the
ratio of stock market capitalisation; e is the error term, and — same as the
baseline specification — Z is a vector of other controls and #,, k., and p, are

the industry, country and year fixed effects, respectively.
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Finally, in the second stage, the baseline equation (Eq. 1) is estimated by
using the IV probit regression technique. The reason behind choosing the
probit model is that the dependent variable of this study is binary, and, in
this case, for an unbiased and consistent estimation, the probit or logit
regression techniques are more appropriate than others (Long et al. 2006;
Baltagi 2008; Greene 2012). Moreover, for treating endogeneity bias, this
study uses an instrumental variable (IV) technique, and for this purpose,
the IV probit technique is considered the best approach. In addition, to
address industry heterogeneity adequately, the interactions between
financial constraints and industry dummies and IPR and industry dummies
are included in the model estimation. These interaction terms allow this
study to verify how the impact of financial constraints and IPR on firms’

innovation vary across the industries.

However, another potential problem related to this study is a serial
correlation. This study follows Wooldridge (2010), who states that using
clustered robust standard errors can mitigate the biases resulted from

serial correlation and heteroskedasticity.

2.4 Data and descriptive statistics

This study is conducted by using data from four different sources and
mainly uses the Enterprise Surveys data from the World Bank database.
This dataset contains information about the firm-level innovation activities
of 27 Eastern European and Central Asian transition countries (in

Appendix Table A2). Due to missing values, this study has data on 21960
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firms for the years 2002, 2005 and 2009. Previously, there was very little
consistent data that cover the full extent of all innovation activities of the
firms of transition economies. By taking this limitation of the previous
database into account, the World Bank’s Enterprise Survey database has
included the firms of transition economies in their surveys. The significant
advantage of this database is that it covers a great extent of innovative
activities of the firms in transition countries. Importantly, most of the
current database has data only on knowledge capital inputs of firms such
as training, equipment, R&D activities or patents. However, currently,
many of the firms in developing and transition countries are adopting the
already-created and tested innovations instead of investing in knowledge
capital-building for ground-breaking or cutting-edge innovations (Aghion et
al. 2001; Acemoglu et al. 2012; Konig et al. 2016). So, for a sound study
on firm-level innovation activities of transition economies, one needs data
on incremental innovation activities such as the introduction of the new
and improved product, new production process, upgrading of the
production line, or acquisition of technology (Smith; Moser 2013; Cirera
2015). Considering the innovation context of transition countries, the
World Bank’s Enterprise Surveys have focused on collecting data both on
the knowledge inputs and on incremental innovation activities of firms
during the survey. Therefore, by using this survey dataset, this study
avails itself of the advantage to capture the full range of innovation

activities that have been undertaken by the firms in transition countries.
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For measuring the strength of IPR protection of a country, this study
utilises an index developed by the Property Right Alliance. The benefit of
using this index is that it includes three broad areas of protection:
intellectual property protection, patent protection and copyright privacy
level of the related country. A very recent study by Kukharskyy (2020)
uses this index to measure the intellectual property protection level in a

country.

For country-level data on financial sectors, this study uses the Financial
Development and Structure dataset of the World Bank. This study also
uses the World Development Indicators data source provided by the World

Bank for GDP per capita data.

Summary statistics are reported in Table 2.2. According to the descriptive
statistics, about 46% and 64% of the firms are engaged in product and
process innovation activities, respectively, whereas only 31% of the firms
have in-house R&D activities. Looking at these summary statistics, it is
clear that firms in transition countries are more involved in incremental
innovation activities instead of engaging in in-house R&D activities for
radical innovation. When looking at the main covariates of interest, it is
observed that 24% of firms face major to very severe financial obstacles,
25% of firms face a moderate obstacle, 20% of firms face a minor

obstacle, and the rest of the firms do not face any financial obstacle.
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Table 2.2: Descriptive Statistics

Variable Obs Mean Std.Dev. Min Max
Prod_In 21960 0.469 0.499 0 1
Proc_In 21960 0.642 0.48 0 1
RD 14341 0.311 0.463 0 1
RDEXxpn 7180 0.343 0.703 0 9.844
FC 21960 1.498 1.232 0 4
IPR 21960 3.861 1.632 1.242 8.164
LnAge 21960 2.78 0.606 0.693 5.347
LnEmp 21960 3.418 1.603 0.689 11.29
Comp 21960 0.152 0.359 0 1
TEmMp 21960 8.182 16.589 0 100
ImInputs 21960 5.023 1.107 0 5.756
Skill 21960 3.043 1.721 0 5.769
LnGDP 21960 8.553 0.894 6.188 10.054
Due 21960 0.467 0.499 0 1
Loss 21960 1.102 4.471 0 100
AF 21960 38.867 15.412 2.044 85.44
CP 21960 37.117 23.543 4.178 125.468
STOCK 21960 15.491 16.663 0.05 101.232

Note: Ln denotes the natural logarithm of the variables
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Table 2.3:

Pairwise correlations

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Prod_In 1.000

Proc_In 0.418*  1.000

RD 0.201* 0.125*  1.000

RDExpn 0.150* 0.072* 0.212* 1.000

FC -0.016* -0.047* -0.074* -0.278* 1.000

IPR -0.122* -0.298* 0.431* 0.057* -0.058* 1.000

LnAge -0.015* -0.019* 0.162* 0.010 -0.025* 0.138*  1.000

LnEmp 0.169* 0.182* 0.294* 0.064* -0.053* -0.035* 0.323* 1.000

Comp 0.125*  0.151* -0.056* -0.008  0.123* -0.203* -0.108* 0.027*  1.000

TEmp 0.004 0.022*  0.051*  0.002 0.020* -0.008  -0.045* -0.006 -0.001  1.000

Iminputs ~ 0.160*  0.430*  -0.036* 0.016 0.006 -0.184* -0.043* -0.097* 0.101*  0.030* 1.000

Skill 0.164*  0.230* 0.119* 0.033* -0.029* -0.212* -0.022* 0.121* -0.009 0.048* 0.129* 1.000

LnGDP 0.021* 0.044* 0.031* 0.045* -0.035* 0.585* 0.039* -0.004 -0.004 -0.025* -0.010 -0.205* 1.000

Due -0.308* -0.221* 0.044* -0.103* 0.116* 0.066* 0.040* -0.147* -0.153* 0.017* -0.070* -0.013  -0.196* 1.000

Loss -0.025* -0.021* -0.026* -0.015 0.067* -0.067* -0.016* -0.034* 0.017* 0.046* -0.009 -0.013 -0.106* 0.022*  1.000

AF 0.103*  0.150* 0.142* 0.116* -0.223* 0.162* 0.065* 0.051* -0.007 -0.027* 0.045*  0.010 0.171* -0.010 -0.056* 1.000

CP 0.092* 0.132* -0.113* 0.016 -0.042* -0.190* -0.156* 0.060* 0.236* -0.008 0.075* 0.037* -0.035* -0.188* 0.013* 0.086* 1.000
STOCK 0.115* 0.115* 0.022*  0.056* -0.037* 0.233*  0.008 0.065*  0.041* -0.028* 0.094* -0.004 0.523* -0.203* -0.057* 0.084* 0.112*  1.000

* shows significance at the .05 level
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Table 2.3 reports the correlation matrices of the variables, which shows a
significant negative pairwise correlation between the measures of firms’
innovation activities and financial constraints and between some

measures of firms’ innovation activities and IPR protection.

2.5 Empirical results and discussion

2.5.1 First-stage results

Before proceeding to the main results of this study, this sub-section
presents the first-stage results. The purpose of this initial presentation is
twofold. First, it verifies whether the instrumental variables used in this
study are the significant determinants of the endogenous variable.
Second, it shows how the financial institutions of the country can influence

the financing constraints faced by the firms.

The first-stage relationships between firms’ financing constraints and
instrumental variables of this study are presented in Table 2.4. The first-
stage results suggest that all instrumental variables of this study are the
significant predictors of endogenous variable FC (financing constraints).
Moreover, the results of the Wald test of exogeneity and the Durbin and
Wu-Hausman statistics of endogeneity test reject the null hypothesis that
variable FC is exogenous and, therefore, treating FC as an endogenous
variable is justified. F-statistics [shown at the bottom of Table 2.5] shows
that the first-stage regression is much higher than any of the critical

values, so we can reject the null hypothesis that our instruments are weak.
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Table 2.4: Results of First-stage regression

Variable Financial Constraint
Due Overdue payment 0.355™
(0.018)
Loss Unexpected losses 0.013™
(0.002)
AF Access to finance -0.025™
(0.001)
CP Depth of the financial sector -0.005™
(0.000)
STOCK Stock market capitalisation -0.033™
(0.001)
LnAge Firms’ age 0.026"
(0.015)
LnEmp Firms’ size -0.033™
(0.006)
Comp Market competition 0.220™
(0.028)
TEmp Capacity utilisation 0.001™
(0.000)
ImInputs Imported inputs 0.020™
(0.007)
Skill Skills of employees 0.013™
(0.005)
LnGDP GDP per capita 0.165
(0.108)
Constant 0.873™
(0.854)
N 21960
R? 0.2035

Note: (1) Cluster robust standard errors are in brackets. (2) Significance shows * at p <
0.10, ** at p < 0.05, and *** at p < 0.01
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This study also carries out overidentification tests following the method

provided by Amemiya (1978), Newey (1987) and Lee (1992).

The Amemiya-Lee-Newey minimum chi-squared statistics (presented at
the bottom of Table 2.5 and 2.6) suggest that the instrumental variables of

this study are valid.

Results, in Table 2.4, show that firms’ financing constraints (FC) are
strongly related to the firms’ financial status reflected through the overdue
payment (Due) and unexpected losses (Loss) as well as country-level
factors such as access to finance (AF) by the firms, credit to the private
sector (CP), and stock market capitalisation (STOCK). This result indicates
that the financing constraints of the firms are determined not only by the
firm-related factors but also by the country’s level of financial intermediary
development and stock market capitalisation. In column 1 of Table 2.4, the
first-stage regression coefficients of access to finance (AF), credit to the
private sector (CP) and stock market capitalisation (STOCK) are -0.025, -
0.005 and -0.033, respectively, which implies that in countries with greater
access to finance, a higher level of financial intermediary development and

more liquid stock markets, firms face lower levels of financial constraints.

Overall, first-stage results suggest that a more developed financial system
can reduce the external financial constraints facing the firms. The finding
of this study is consistent with the previous evidence. Several previous
studies, including Levine (2005a), Beck et al. (2006), De la Torre et al.

(2017) and Ullah (2020), provide evidence that the firms’ financial
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obstacles are determined by both the firm-level factors and country

characteristics.

2.5.2 Main findings

Impact of FC on firms’ innovation activities

Table 2.5 reports the baseline results. Columns 1 and 3 of this table report
the regular probit estimation and columns 2 and 4 report the IV probit
estimation of the baseline equation (Eq. 1). Results illustrate that financing
constraints can significantly explain whether or not firms innovate. In
column 2 of this table, the IV probit regression coefficient of financing
constraints (FC) on product innovation is significantly negative (-0.573),
which implies that if firms face financing constraints, the likelihood of the
introduction of a new product or service by the firms becomes less. This
study also estimates the marginal effects of the explanatory variables on
dependent variables since it is easy to interpret. In the same column, the
average marginal effects of FC on firms’ product innovation is -0.666 at
the 1% significance level. This result indicates that a one-unit-increase in
FC causes a 6.66 per cent decreases in the probability of engaging
production innovation by the firms. Similarly, the IV probit coefficient in
column 4 of the same table shows that financing constraint has a
significant negative effect on firms’ process innovation measured by the
upgrading of the existing product line or service. In this column, the
ivprobit coefficient and marginal effects of FC on firms’ process innovation

are -0.578 and -0.647, respectively.
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Table 2.5: Results of baseline estimation for incremental innovation

Variable Product innovation Process innovation
1) ) 3 4)
probit ivprobit probit ivprobit
Coefficient  Marginal Coefficient Marginal
effects effects

FC -0.044° -0.573™ -0.666™ -0.192" -0.578™ -0.647™
(0.009) (0.012) (0.010) (0.016) (0.016) (0.013)

IPR -0.228™ -0.168™ -0.072™ -1.746™ -1.242™ -0.276™
(0.016) (0.012) (0.006) (0.086) (0.025) (0.009)

LnAge -0.113™ -0.042™ -0.040™ -0.200™ -0.109™ -0.039™
(0.020) (0.016) (0.013) (0.029) (0.021) (0.016)

LnEmp 0.160™ 0.065™ 0.059™ 0.305™ 0.181™ 0.121™
(0.008) (0.007) (0.006) (0.019) (0.010) (0.007)

Comp 0.190™ 0.236™ 0.454™ 0.247™ 0.262™ 0.415™
(0.035) (0.028) (0.022) (0.053) (0.039) (0.026)

Temp 0.001 0.001™ 0.001" 0.001 0.002" 0.001™
(0.001) (0.001) (0.000) (0.001) (0.001) (0.001)

ImInputs 0.188™ 0.106™ 0.084™ 0.661™ 0.445™ 0.331™
(0.012) (0.009) (0.008) (0.042) (0.017) (0.011)

Skill 0.124™ 0.074™ 0.045™ 0.240™ 0.161™ 0.089™
(0.007) (0.006) (0.005) (0.015) (0.007) (0.006)

LnGDP 0.215 0.062 0.084™ 1.450™ 1.139™ 0.378™
(0.143) (0.112) (0.011) (0.187) (0.133) (0.016)

Constant -0.769™ -0.259™ -0.215° -10.702™ -7.782™ -3.157™
(1.127) (0.881) (0.1112) (1.471) (1.048) (0.166)

Observation 21960 21960 21960 21960

Wald chi?(26) 1392.67 443.47 7996.00 10023.58

log - -7067.389 - -40159.434

pseudolikeliho  13263.1 45969.51

od 1 7

Wald test of exogeneity 0.000 0.000

(p-value)

Test of overidentifying

restrictions: 2.587 31.097

Amemiya-Lee-Newey (P-value = 0.274) (P-value = 0.74)

minimum chi-sq statistic

First-stage F-statistics 94.25 156.18

# Note: Table 2.5 shows the estimated results of the baseline specification. Firm-level instrumental variables
are overdue payment and unexpected losses, and country-level instrumental variables are access to finance,
credit to the private sector and stock market capitalisation. Wald test statistics suggest that we should reject
the null hypothesis of no endogeneity. Therefore, using an instrumental variable is justified. Moreover, first-
stage regression results show that instrumental variables are not only statistically significant but also have an
expected relationship with financial constraints that justify the choice of instruments. Cluster robust standard
errors are in brackets. *Significant at p < 0.10, **significant at p < 0.05, and ***significant at p < 0.01.
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Table 2.6: Results of baseline estimation for R&D

R&D activity R&D expenditure
1) 2) (3) (4)
probit ivprobit reg ivreg
Coefficient  Marginal
effects

FC -0.115™ -0.101" -0.147™ -0.160™ -0.259™
(0.024) (0.044) (0.039) (0.007) (0.023)

IPR 1.529™ 0.850™ 0.867™ 0.023™ 0.022™
(0.179) (0.017) (0.016) (0.007) (0.007)

LnAge 0.057 0.036 0.070™ -0.004 0.004
(0.042) (0.024) (0.022) (0.014) (0.014)

LnEmp 0.476™ 0.271™ 0.277™ 0.017™ 0.008
(0.057) (0.011) (0.010) (0.006) (0.006)

Comp 0.457™ 0.267™ 0.249™ 0.000 0.019
(0.083) (0.039) (0.001) (0.025) (0.026)

TEmp 0.009™ 0.005™ 0.004™ 0.001 0.001
(0.002) (0.001) (0.034) (0.001) (0.001)

Iminputs 0.285™ 0.156™ 0.122™ 0.018™ 0.018™
(0.045) (0.016) (0.013) (0.008) (0.008)

Skill 0.198™ 0.113™ 0.147™ 0.010™ 0.009"
(0.028) (0.010) (0.009) (0.005) (0.005)

LnGDP 1.190° 0.656™ 0.738™ 0.010 0.006
(0.144) (0.021) (0.020) (0.001) (0.001)

Constant 2.699™ 1.523™ 0.554™ 0.305™ 0.484™
(0.453) (0.208) (0.186) (0.098) (0.109)

Observation 14341 14341 7180 7180

Wald chi?(26) 83.95 4259.24 608.84 233.68

Log -4976.085 -27664.769

pseudolikelihood

R2 0.024 0.023

Tests of endogeneity p = 0.000

Durbin (score)

Wu-Hausman F (1,21949) p = 0.000

Wald test of exogeneity (p- 0.000

value)

Test of overidentifying

restrictions:

Amemiya-Lee-Newey 23.489

minimum chi-sq statistic (P =0.054)

Weak identification test (Cragg- 117.043 (>

Donald F statistic) critical

values)

Overidentification test 32.495 (p =

(Sargan statistic) 0.0521)

First-stage F-statistics 120.76 58.57

# Note: The above table shows the results of the baseline specification for R&D. Fixed effects for year,
industry and location are included but not reported here. The result of the Wald test of exogeneity
suggests that we should reject the null hypothesis of no endogeneity. Therefore, using the instrumental
variable is justified. Cluster robust standard errors are in brackets. *Significant at p < 0.10, **significant
at p < 0.05, and ***significant at p < 0.01.
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Furthermore, coefficients of regular probit (in columns 1 and 3 of Table
2.5) reconfirm the negative relationships between the firms’ financing
constraints and incremental innovation activities. The regular probit
coefficients of financial constraints on firms' product and processes
innovation are -0.044 and -0.192, respectively. However, the magnitude
and the statistical significance level are less for both of these regular probit
coefficients (see Gorodnichenko and Schnitzer (2013) for past example).
After treating endogeneity bias by introducing firm-specific and country-
related instruments, this study finds a significant negative impact of

financial constraints on firms’ product and process innovation activities.

Table 2.6 shows similar results of the effects of financing constraints on
firms’ research and development (R&D) activities and R&D expenditures.
Results of this table so far indicate that financing constraints have a
negative impact on firms’ innovation activities irrespective of the measures

of innovation used in this study.

These results demonstrate evidence of the significant negative impact of
financing constraints on firms’ research and development (R&D) efforts. In
column 2 of Table 2.6, the IV probit regression coefficient and marginal
effects of the impact of financing constraints on firms’ R&D activities is -
0.101 and -0.147, respectively. In column 4 of the same table, the IV
regression coefficients of the effect of financial constraints on R&D

expenditure of the firms is -0.259 at the 1% significance level, which
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implies that a one-unit increase in the firms’ financing constraints causes

an approximately 25% reduction in R&D expenditure.

The overall findings of this study are in line with the theoretical argument
that resource constraints hold back firms’ efforts to invest in innovation
activities (see Kerr and Nanda 2015). These results also reflect findings
from previous empirical work, such as Hewitt-Dundas (2006), Ayyagari et
al. (2011), Gorodnichenko and Schnitzer (2013), Howell (2016) and
Mateut (2018), that evinces that firms’ resource and capability constraints
are the barriers to the firms for engaging in innovation activities in

transition economies.

Inverse effects of IPR on firms’ innovation activities

Looking at the coefficients of IPR in Table 2.5, it can be easily observed
that the presence of stronger IPR protection has a negative influence on
firms’ product as well as process innovation activities since the results on
the variable IPR in columns 2 and 4 of this table show that IV probit
regression coefficients of IPR on the product and process innovation
activities are -0.168 and -1.242 (marginal effects are -0.072 and -0.276),
respectively. Statistical significance is at the 1% level for both coefficients.
However, the magnitude of the adverse effect of IPR is much higher for
process innovation than product innovation. This result implies that strong
IPR is more detrimental for firms’ incremental innovation activities in

transition economies.
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In contrast, results document that strengthening of IPR protection
increases both the firms’ probability to involve in R&D activities and the
level of R&D expenditure. Note the results in column 4 of Table 2.6, where
IV regression coefficients of IPR on R&D expenditure show that if the
country’s IPR protection level is increased by 1%, R&D expenditure of
firms is expected to increase by 2.2%. The likelihood of firms involving in
R&D activities also increases with the strengthening of IPR protection level
as, in column 2 of the same table, the regression coefficient for the effect
of IPR on R&D activities is significantly positive. Results of regular probit
estimates (in columns 1 and 3 of Table 2.6) also exhibit similar positive

impacts of the strengthening of IPR protection on firms’ R&D efforts.

Findings on control variables

In terms of control variables, this study has many interesting findings. First,
younger firms are more likely to report innovation than older firms. In
columns 2 and 4 of Table 2.5, coefficients of firms’ age (LnAge) on both
product and process innovation are significantly negative. Column 2
shows that the marginal effects of firms’ age on product and process
innovation are -0.040 and -0.039, respectively. These results imply that
younger firms are approximately 0.40 per cent more likely to engage in
innovation activities than older firms. The previous study - as well as
those of Huergo and Jaumandreu (2004), Coad et al. (2016b) and Zhang
et al. (2020) — also exhibits that young firms tend to show a higher
possibility of engaging in innovation activities while the older firms tend to

show the lower possibility of becoming involved in innovation activities.
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Second, using imported material inputs and supplies by the firms is
positively correlated with innovation activities, which is similar to the
results of the prior study by Gorodnichenko et al. (2010). This finding

indicates that foreign orientation is vital for firms to be innovative.

Third, the number of employees is positively related to the propensity for
innovation, which indicates that larger firms are more likely to be
innovative than smaller firms. Based on the threshold regression model,
Zhou et al. (2020) also show that size difference is a significant matter for
Chinese manufacturing firms’ innovation (further example: Vaona and

Pianta 2008).

Fourth, firms’ capabilities are positively associated with innovativeness.
For example, results in columns 2 and 4 of Table 2.5 indicate that
comparing with the non-competitive firms; a competitive firm has
approximately 23% more possibility to engage in product innovation and
26% more possibility to engage in process innovation. Moreover, firms that

have higher capacity utilization ability are more innovative.

Fifth, the human capital of the firm is found to be significant for the firms to
engage in both incremental as well as R&D activities. The stock of human
capital of the firms, measured by the percentage of skilled workers, have a
positive impact on firms’ innovative activities irrespective of the measures
of innovation used (Acemoglu et al. 2018). Finally, the overall

development level of the country is also crucial for firms to take part in
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innovation activities as countries’ GDP per capita is positively related to

the firms’ innovation activities.

Effect of FC and IPR across industry

Table 2.7 reports the results of the impact of financial constraints (FC) and
IPR on firms’ innovation activities for each industry. Results indicate that
adverse effects of FC and IPR on firms’ innovation activities are driven

from within as well as between industries.

Financial constraints impact the firm’s innovation differently across the
industries. In particularly, columns 1 and 2 of this table show that the
coefficients on the interaction terms of FC and industry dummies are
significantly negative for product and process innovation in every industry.
This finding implies that in every industry, financing constraints hold back
firms’ innovative efforts. However, the magnitude of the negative impact of

financing constraints on firms’ innovation varies across industries.

Overall, firms in the service sector industries, except IT, are facing more
severe constraints than the firms in the manufacturing sector industries for

financing their innovation activities.

On the other hand, results in columns 3 and 4 of Table 2.7 indicate that
IPR protection level impacts firms’ product and process innovation
activities differently across the industry. Findings show that, in general, the
strong IPR firms face a greater obstacle to upgrading their production

process or services than the introduction of a new product or service.
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Table 2.7: Results of the impact of FC and IPR on firms’ innovation for each industry

1) 2 3) 4)
Industry Impact of FC Impact of FC  Impact of IPR  Impact of IPR
on Product on Process on Product on Process
Innovation Innovation Innovation Innovation
Manufacturing Sector
Food -0.292™ -0.430™ -0.008 -0.467™
(0.027) (0.048) (0.0112) (0.034)
Textile -0.354™ -0.458™ -0.010 -0.481™
(0.063) (0.111) (0.028) (0.055)
Garments -0.311™ -0.053 -0.018 -0.340™
(0.034) (0.063) (0.015) (0.034)
Chemical -0.235™ -0.461™ 0.044 -0.437™
(0.062) (0.105) (0.028) (0.058)
Plastic and -0.258™ -0.537™ 0.015 -0.501™
Rubber (0.070) (0.104) (0.027) (0.048)
Non-metallic -0.474™ -0.717™ -0.055" -0.552"™
mineral product (0.065) (0.099) (0.026) (0.052)
Basic metal -0.403™ -0.716™ -0.062" -0.572™
(0.096) (0.152) (0.036) (0.065)
Fabricate metal -0.310™ -0.385™ -0.027" -0.471™
product (0.035) (0.059) (0.014) (0.037)
Machinery and -0.307™ -0.475™ -0.027" -0.484™
equipment (0.036) (0.063) (0.015) (0.038)
Electronics -0.196" -0.510™ 0.093" -0.385™
(0.086) (0.137) (0.046) (0.076)
Construction -0.766™ -0.936™ -0.196™ -0.686™
section F (0.034) (0.070) (0.012) (0.047)
Others -0.346™ -0.511™ -0.034" -0.505™
manufacturing (0.033) (0.060) (0.014) (0.040)
Service Sector
Wholesale -0.508™ -0.882™ -0.105™ -0.668™
(0.031) (0.067) (0.010) (0.045)
Retail -0.488™ -0.891™ -0.093™ -0.704™
(0.029) (0.068) (0.012) (0.049)
Hotel and -0.676™ -0.837™ -0.159™ -0.638™
Restaurant (0.044) (0.077) (0.015) (0.046)
Transport -0.704™ -0.762™ -0.171™ -0.604™
section | (0.039) (0.072) (0.014) (0.044)
IT -0.196" -0.382" -0.002 -0.490™
(0.083) (0.150) (0.029) (0.058)
Other services -0.723™ -0.871™ -0.173™ -0.661™
(0.037) (0.069) (0.012) (0.045)

# Note: The above table shows the second-stage regression results of the interaction model. To
account for industry heterogeneity fully, these estimation results are obtained from the interaction
between the predicted value of instrumented FC and industry dummies and IPR and industry dummies.
Cluster robust standard errors are in brackets. *Significant at p < 0.10, **significant at p < 0.05, and

***significant at p < 0.01.
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Table 2. 8: The key hypothesis / expected sign of the variables and
findings

Variable Full

variable Hypothesis / Expected sign Findings
name
FC Financial Financing constraints have a negative True

constraint  impact on the probability of firms'
engaging in innovation activities

IPR Intellectual In transition economies, firms are less True
property likely to engage in incremental innovation
protection  activities when IPR protection is stronger.

The empirical findings are summarised and compared to the hypotheses

of this study in Table 2.8.

2.5.3 Discussion and policy recommendations

The first-stage results demonstrate that cross-country differences in
access to finance, financial intermediary development, and stock market
capitalisation are the crucial factors in determining firms’ financing
constraints. These country characteristics that explain the cross-country
variations in financing obstacles facing firms, however, seem to be related
to the overall financial institutional development level of a country (Beck et
al. 2006). The better developed financial institutions can ease firms’
external financing constraints (i.e., Love 2003; Levine 2005a; Korosteleva
and Mickiewicz 2011; De la Torre et al. 2017). Developed financial
institutions and markets can mitigate frictions, such as informational
asymmetries and transaction cost, from financial transactions. By reducing
these frictions, the financial system of a country can have a significant

influence on mobilising and allocating resources to innovative firms (Rajan
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and Zingales 2004). The access dimension of financial institutional
development is most relevant in this perspective — firms’ financing
constraints can be reduced through broadening the access to finance for
the innovative firms (De la Torre et al. 2017). Despite this wide recognition
of the importance of broadening access to finance among the scholars,
firms (more specifically SMES) in developing and transition countries have
minimal access to formal credit and financial services. For example, the
Global Findex database shows that about 56% of adults in high-income
countries borrowed from formal financial institutions, whereas that share
was only around 10% in developing economies. In contrast, in the high-
income countries, the fraction of adults who borrowed from informal
sources is less than 5%, compared to more than 30% in developing
countries. These figures can help to give us the actual picture of the
differences between developed and developing economies in the use of
formal loans and financial services. Therefore, policymakers in developing
and transition countries should realise the actual conditions during policy-
making and give priority to broadening access to finance and financial
services for the innovative firms. Moreover, public subsidies and reduction
in the tax burden for financially constrained firms can influence them to
invest in innovation activities. Mateut (2018) finds a positive influence of
public subsidies on the innovation activities of 11,998 firms of 30 Eastern
Europe and Central Asian countries (can see also Cecere et al. 2020). Tax
remission can also work in easing firms’ financing constraints for

innovative activities. Howell (2016), for example, shows that remission in
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corporate tax burden for financially constrained firms stimulates new
product and process innovation. Government subsidies and tax reform
with a provision of corporate tax exemption for the innovative firm can be
useful policy tools for easing financing constraints and thereby promoting

firms’ innovation in developing and transition countries.

Regarding the impact of intellectual property rights (IPR) protection in
transition countries, the results of this study reveal an interesting pattern.
Results show that strengthening of IPR protection has a negative impact
on firms’ product and process innovation activities. In contrast, it has a
positive impact on firms’ R&D efforts. At first glance, the results of this
study appear to contradict our typical understanding and other studies
demonstrating a positive relationship between IPR protection level and
innovation (c.f. Kanwar and Evenson 2003; Aghion et al. 2015; Fang et al.
2017). In the context of developing and transition countries, however,
these findings are not unconventional;, in fact, several extant studies,
including Allred and Park (2007), Kim et al. (2012), Sweet and Maggio
(2015) and Sweet and Eterovic (2019) reveal that, in developing countries,
strong IPR protection hinders innovation rather than facilitates it. Lerner
(2009) asserts that the influence of the strengthening of intellectual
property protection in developing countries may be far less in promoting
innovation than much of the policy as well as economics literature
assumes. Subject to the resource and skill capability, firms in an economy
can engage in either in-house research and development (R&D) for radical

innovation or they can follow incremental innovation strategy and try to
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imitate other firms’ technologies (Konig et al. 2016). Generally, resource-
constrained firms tend to engage in the incremental innovation process
and try to follow the technologies of the leader firms that engaged in
radical innovation. The IPR policy of a country regulates whether follower
firms in an industry can imitate the technologies of the leader firms
(Acemoglu and Akcigit 2012). Here lies the explanation of the findings of
this study — tight IPR protection prevents firms from imitating the leaders’
technologies, and thus strong IPR protection has a negative impact on the

firms’ product and process innovation.

Certainly, this finding of this study has a policy implication for developing
and transition economies. Single full protection is not an optimal IPR policy
in those economies (Dosi et al. 2007; Acemoglu and Akcigit 2012).
Instead, to avail firms of the full benefit of the trickle-down effect, IPR
policies should be customised, providing stronger protections to the
leaders and certain special arrangements for the follower industry and
firms. When the government provides full IPR protection for all industries
and firms, it may negatively affect the imitative or adaptive innovation of
the firms’ in the less R&D-intensive industries (Ginarte and Park 1997).
The results of this study, for example, clearly demonstrate that strong IPR
protection has a negative impact on firms’ incremental innovative
activities. To reduce this negative consequence and gaps between the
firms and industries, policymakers in developing and transition economies
should combine the tight IPR policy with some complementary

arrangements such as governmental support for open innovation initiatives
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or collaborative R&D activities among resource-constrained firms. Since it
is impractical to lax the strength of the protection, particularly for these
firms and industries, the policymaker can adjust the strength of the
protection through instigating other complementary regulations and

policies providing the special arrangements.

2.5.4 Robustness checks

This study estimates the baseline specification using a series of sub-
samples and alternative measures to check the robustness of results.
Overall estimated results both from these sub-samples and the alternative

set of measures are very similar to baseline model estimations.

To justify the focusing on incremental innovation, robustness checks
through controlling for R&D expenditure and R&D activity are done. First,
this study creates a dummy variable that records the observations on R&D
expenditure, and this dummy is inserted as a control in a bigger sample
focusing on estimating the probability of firms to engage in product and
process innovation. Second, R&D activity is also inserted as a control in a
bigger sample focusing on estimating firms' probability to engage in
product and process innovation. Estimated results, in Appendix Tables A3
and A4, show that the sign of the IPR protection remains the same
negative sign after controlling for in-house R&D (both R&D expenditure
and R&D activity). These results confirm that the dependent variable

captures a phenomenon of product and process innovation.
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This study also conducts sub-samples analysis to check the robustness of
results. Appendix Table A5 presents results of baseline estimation by
firms’ size, and Appendix Table A6 presents results of baseline estimation
by firms’ ownership. The results presented in those tables largely support
that the main results of this study are robust. Overall, robustness checks

do not find evidence that can drive extensively from the main results.

2.6 Conclusions

It has been long argued that, in developing and transition economies,
financing constraints hold back firms from investing in innovation activities.
There is also a debate on the role of IPR protection in the complex
process of innovation in those economies. Despite the importance of
rigorous empirical evidence to understand the role of financial institutions
and IPR institutions on innovation activities, there has been relatively little
work examining the impact of these two institutions on innovation in

transition countries. This study takes a step in that direction.

This study explores the impact of financing constraints and IPR protection
on firms’ innovation with a view to providing rigorous empirical evidence
on the effect of financing constraints and IPR protection on innovation
activities. This study defines firms’ innovation as the introduction of the
new product, process or service and the upgrading of the existing one,
which is particularly relevant for the firms of transition countries. Using a
dataset on 21960 firms of 27 Eastern European and Central Asian

transition countries, this study exploits the exogenous variation in
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financing constraints driven by both the firm-specific and country-level
factors. The first-stage results demonstrate that the financial constraints of
the firms are determined by the firm-specific as well as country-level
factors. The most prominent country-level factor explaining the variation in
financing obstacles for firms, however, seems to be overall financial
institutional development. Then this study employs the instrumental
variables (IV) approach by introducing some firm-specific and country-level
variables to address the potential endogeneity of financing constraints and
unobserved heterogeneity due to the variations in the country’s
characteristics. The second-stage results document that financing
constraints have negative impacts on firms’ product and process
innovation activities as well as on firms’ research and development (R&D)
activities. The results on the effect of IPR protection show an interesting
pattern that tight IPR protection appears to prevent firms from product and
process innovation activities but is also helpful for firms’ research and

development (R&D) activities.

Based on this finding, this study conjectures that in developing and
transition economies, stronger IPR protection prevents firms from
innovating through imitation. There is a strong argument that many of the
firms in developing and transition countries try to innovate through
introducing technologically new products/services or upgrading their
existing product line through copying others’ products or adopting already
innovated more productive technologies from others, and tight IPR

protection prevents them from imitating. To address industry heterogeneity
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adequately, this study introduces interaction terms of some of the focal
variables with the industry dummies in the model, and results imply that
both the financing constraint and IPR have a significant effect on firms’
innovation activities for every industry. However, the magnitude of the
impact varies across industries. Thus, this research makes a significant
contribution to developing better insight into the interactional relationship
between firms’ innovation, financing constraints and IPR protection in

developing and transition economies.

The evidence of this study points out some important policy mechanisms
related to financing and IPR protection to encourage firms’ innovation in
transition economies. First, broadening of access to finance, public
subsidising, and tax remission can be useful policy tools for easing
financing constraints, thereby promoting firms’ innovation in developing
and transition countries. Second, a single IPR policy providing full
protection for all industries and firms is sub-optimal in a transition
economy, IPR policies need to be customised, and it is better to use mixed
IPR policies providing protection according to the innovation and resource
capability of the industries and firms. The best way can be to encourage
firms’ innovation through various special arrangements such as open
innovation, R&D collaboration and international technology transfer

programmes for the industries and firms that are lagging behind.

Despite the important policy implications of the findings of this study, it has
some limitations. For example, this study does not cover all possible

components of intellectual property protection that can explain the firms'
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innovative efforts. As mentioned in previous work, such as Kim et al.
(2012), different intellectual property protections, such as utility model,
trade secret, design rights, can also be utilised to analyse the effect of
intellectual property protection on firms’ as well as countries’ innovation.
Therefore, it would be helpful if this study could include these components
mentioned earlier. However, due to the data constraint, it is not possible

through this study.

Further work on this topic can be exploring the role of R&D collaboration
and open innovation initiatives on firms’ innovation performance in
developing and transition economies to shed light on which IPR policies

will work better in those countries.
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Appendix A

Table Al:Summary of the major empirical works on the impact of financing constraints and IPR on innovation

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Past empirical studies on the impact of financing constraints on firm-level innovation
Aghion et Credit Panel Data on R&D investment of the firm is R&D Payment Journal of
al. (2012) constraints and analysis, 13,000 negatively associated with credit  investment  incidents the
the cyclicality of  Tobit, French firms constraints faced by the firms. European
R&D GMM from the Economic
investment: FIBEn Association
Evidence from database
France
Ayyagari  Firm innovation  Logit 19,000 firms Greater access to external Developing  External Journal of
et al. in emerging regressio from 47 finance has a positive impacton  a new financing, Financial
(2011) markets: The nwith IV developing firms’ innovation. product, Bank and
role of finance,  technigque countries Upgrading financing, Quantitative
governance, of existing Bank loan Analysis
and competition product line,
Introduction
of new
technology
Gorodnic  Financial Probit BEEPS Financing constraints restrict Firm-level Financing Journal of
henko constraints and  regressio Survey data firms to invest in innovation innovation constraints  the
and innovation: Why n 6,500 on activities. (binary) European
Schnitzer poor countries firms from Economic
(2013) don’t catch up 27 transition Association
countries
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Table A1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable Journal
Hottenrot Patents as Censored 4,309 SMEs Firms’ patenting activities, Patent, R&D Access to Economics
tetal quality signals?  panel in Europe particularly recent patent expenditure bank loans  of
(2016) The implications regressio applications, have been reduced s Innovation
for financing n models by the financial constraints for and New
constraints on SMEs, specifically when Technology
R&D. informational asymmetry is high,
and collateral value is low.
Hottenrot Innovative Probit 2,468 firms  Firms with a high innovation Financing Review of
t and capability and estimatio in German capacity and low internal constraints, qualification Economics
Peters financing n manufacturi  resources face severe constraints Access to and
(2012) constraints for technique ng for financing innovation activities. external Knowledge  Statistics
innovation: industries, finance acquired by
more money, CIS data
more
innovation?
Peters et Dynamic R&D Two- Data on A financially strong firm has a Product Economics
al. (2017) choice andthe  stage 1200 higher likelihood of creating innovation, of
impact of the regressio German innovation from its R&D Process innovation
firm's financial n firms drawn investments, and innovation has  innovation, and new
strength from the a greater effect on productivity R&D technology
Mannheim and profit. investment
Innovation
Panel (MIP)
survey
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Table A1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Past empirical studies on the impact of IPR on innovation
Allred Patent rights Fixed Data from Strong patent protection has Patent Patent Journal of
and Park and innovative effects 100 positive impacts on firms’ application, rightsindex International
(2007) activity: negative  countries for innovation activities and on R&D (Ginarte and Business
evidence from binomial the year technological diffusion up to expenditure Park index) Studies
national and regressio 1995 - 2000 some point only in developed S
firm-level data n economies.
Chen Intellectual Panel Data from The effect of the strengthening of Patent Ginarte and Journal of
and property rights analysis 64 IPR on innovation is positive, and application  Park index  developmen
Puttitanu  and innovation developing this relationship is U-shaped with t economics
n (2005) in developing countries the level of economic
countries development.
Krammer Drivers of GLS Panel data  IPR protection increases the Number of IPR index Research
(2009) national estimator of 16 propensity to patent significantly, patents Policy
innovation in Eastern while the measures of transition
transition: European downturn and industrial reform
Evidence from a transition diminish it.
panel of Eastern economies

European
countries.

91



Table A1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Papageo Intellectual OLS, Panel data  The strength of IPR regulations Patents IPR index of Economics
rgiadis property rights Fixed from 48 and IPR protection both have a Papageorgi Letters
and and innovation:  Effects, developed positive nonlinear influence on adis,
Sharma A panel analysis Random and innovation. Ginarte and
(2016) Effects developing Park’s IPR
countries index

Sweet Do stronger OLS, Data from The positive impact of full IP Economic IPR index World
and intellectual GMM 94 countries protection depends largely on complexity  (Ginarte- Developme
Maggio property rights over the countries’ ability to expand their index Park Index) nt
(2015) increase period 1965 production frontiers and applying

innovation? to 2005 implicit and explicit advances of

innovation.

Woo et Effects of Simultan  Data on 3 Generally, IPR protection R&D IPR index Technovatio
al. (2015) intellectual eous industries stimulates R&D investment. investment, n

property rights equations from 12 However, excessive enforcement Proportion

and patented countries of IPR may impede the patented  of patent

knowledge in knowledge. stocks to

innovation and R&D stocks

industry value
added: A
multinational
empirical
analysis of
different
industries
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Table A2: Sample countries

Country Number of firms
Albania 366
Armenia 807
Azerbaijan 819
Belarus 796
Bosnia 661
Bulgaria 700
Croatia 463
Czech Republic 766
Estonia 575
FYROM 652
Georgia 620
Hungary 1,009
Kazakhstan 1,194
Kyrgyz 564
Latvia 562
Lithuania 546
Moldova 788
Montenegro 119
Poland 1,730
Romania 1,218
Russia 1,864
Serbia 841
Slovakia 571
Slovenia 625
Tajikistan 638
Ukraine 1,707
Uzbekistan 759
Total 21,960
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Table A3: Results of baseline estimation for incremental innovation after
controlling for R&D expenditure (by generating a dummy that records the
observations on R&D expenditure)

Variable Product innovation Process innovation
(1) (2) 3) (4)
probit ivprobit probit ivprobit
FC -0.056™ -0.571™ -0.184™ -0.610™
(0.016) (0.021) (0.034) (0.025)
IPR -0.259™ -0.192™ -1.687™ -1.163™
(0.032) (0.022) (0.249) (0.042)
LnAge -0.114™ -0.024 -0.239™ -0.113™
(0.036) (0.027) (0.057) (0.034)
LnEmp 0.159™ 0.055™ 0.338™ 0.184™
(0.017) (0.012) (0.055) (0.017)
Comp 0.277™ 0.278™ 0.225" 0.234™
(0.062) (0.046) (0.088) (0.061)
TEmp 0.000 0.002" 0.002 0.002™
(0.001) (0.001) (0.002) (0.001)
ImInputs 0.206™ 0.118™ 0.669™ 0.439™
(0.025) (0.016) (0.109) (0.028)
Skill 0.134™ 0.078™ 0.229™ 0.147™
(0.015) (0.010) (0.036) (0.012)
LnGDP -0.258 0.164 1.088™ 0.699™
(0.280) (0.206) (0.358) (0.236)
RD_dummy 0.027 0.024 0.009 0.028
(0.041) (0.031) (0.053) (0.039)
Constant 1.119 1.473 -7.953™ -4.416™
(2.208) (1.620) (2.791) (1.866)
Observation 7193 7193 7193 7193
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Table A4: Results of baseline estimation for incremental innovation after
controlling for R&D activities

Variable Product innovation Process innovation
1) (2) 3) (4)
probit ivprobit probit ivprobit
FC -0.034™ -0.471™ -0.244™ -1.024™
(0.011) (0.019) (0.029) (0.050)
IPR -0.897™ -0.553™ -1.186™ -0.649™
(0.044) (0.033) (0.110) (0.020)
LnAge -0.078™ -0.034" -0.241™ -0.121™
(0.023) (0.019) (0.046) (0.029)
LnEmp 0.094™ 0.046™ 0.312™ 0.162™
(0.010) (0.009) (0.032) (0.013)
Comp 0.158™ 0.212™ 0.386™ 0.521™
(0.035) (0.029) (0.066) (0.046)
TEmp -0.001 0.001 -0.001 0.001
(0.001) (0.001) (0.001) (0.001)
ImInputs 0.080™ 0.053™ 0.837™ 0.454™
(0.013) (0.011) (0.074) (0.014)
Skill 0.078™ 0.056™ 0.249™ 0.141™
(0.009) (0.007) (0.026) (0.010)
LnGDP 0.546™ 0.582™ 1.373™ 0.717™
(0.234) (0.189) (0.127) (0.026)
RD_activity 1.756™ 1.126™ 2.161™ 1.086™
(0.075) (0.055) (0.200) (0.050)
Constant -4.089" -3.916™ -12.009™ -4.828™
(1.841) (1.489) (1.090) (0.244)
Observation 14341 14341 14341 14341
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Table A5: Results of baseline estimation by firms’ size

Variable Product innovation Process innovation
1) (2)
ivprobit coefficient ivprobit coefficient
Small Medium Large Small Medium Large
firms firms firms firms firms firms
FC -0.441™  -0.419™  -0.417™ -0.442™ -0.637™ -0.637"™
(0.053) (0.061) (0.064) (0.033) (0.025) (0.025)
IPR -0.080™  -0.083™  -0.129™ -1.265™  -1.190™ -1.190™
(0.012) (0.014) (0.017) (0.039) (0.050) (0.050)
LnAge -0.077" -0.093™ -0.055™ -0.145™  -0.062" -0.062"
(0.033) (0.030) (0.027) (0.040) (0.035) (0.035)
LnEmp 0.199™ 0.018 0.082™ 0.208™ 0.120™ 0.120™
(0.022) (0.034) (0.025) (0.030) (0.042) (0.042)
Comp 0.526™ 0.448™ 0.396™ 0.182™ 0.278™ 0.278™
(0.048) (0.053) (0.063) (0.067) (0.064) (0.064)
TEmMp -0.000 0.001 0.001 0.002™ 0.003" 0.003"
(0.001) (0.001) (0.002) (0.001) (0.001) (0.001)
ImInputs 0.340™ 0.123™ 0.063™ 0.852™ 0.381™ 0.381™
(0.019) (0.015) (0.014) (0.061) (0.026) (0.026)
SKkill 0.067™ 0.100™ 0.152™ 0.125™ 0.225™ 0.225™
(0.008) (0.012) (0.015) (0.011) (0.016) (0.016)
LnGDP 0.145™ 0.126™ 0.216™ 1.327™ 1.002™ 1.002™
(0.021) (0.023) (0.028) (0.200) (0.221) (0.221)
Constant -2.773™  -0.932™  -1.742™ -11.704™ -6.235™ -6.235™"
(0.232) (0.263) (0.298) (1.581) (1.750) (1.750)
Observation 10008 6868 5084 10008 6868 5084
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Table A6: Results of baseline estimation by firms’ ownership

Variable Product innovation Process innovation
(1) (2)
ivprobit coefficient ivprobit coefficient
Domestic Foreign  Governme Domestic  Foreign  Govern
firm firm nt firm firm firm ment
firm
FC -0.538™  -0.722™  -0.680™ -0.571™ -0.560™ -0.514™
(0.015) (0.027) (0.034) (0.019) (0.070) (0.095)
IPR -0.135™  -0.196™  -0.427™ -1.126™  -1.758™ -2.174™
(0.014) (0.035) (0.051) (0.027) (0.112) (0.140)
LnAge -0.049™ 0.040 0.068 -0.067™ 0.054 -0.116
(0.019) (0.050) (0.044) (0.025) (0.077) (0.077)
LnEmp 0.087™ 0.046™ 0.048™ 0.188™ 0.231™ 0.299™
(0.008) (0.019) (0.021) (0.012) (0.031) (0.048)
Comp 0.248™ 0.025 0.264 0.235™ 0.351° 0.836™
(0.030) (0.105) (0.232) (0.042) (0.188) (0.346)
TEmMp 0.002™ -0.001 0.001 0.002™ 0.000 0.000
(0.001) (0.002) (0.002) (0.001) (0.003) (0.004)
ImInputs 0.139™ 0.016 0.045 0.538™ 0.228™ 0.602™
(0.012) (0.018) (0.036) (0.024) (0.029) (0.085)
Skill 0.079™ 0.051™ 0.073™ 0.156™ 0.184™ 0.285™
(0.006) (0.019) (0.026) (0.008) (0.030) (0.046)
LnGDP 0.056 0.257 0.172 1.077™ 0.641 1.780™
(0.126) (0.339) (0.501) (0.146) (0.481) (0.696)
Constant -0.542 -1.368 -0.973 -8.142™ -2.041 -
12.662"
(0.993) (2.673) (3.956) (1.155) (3.838) (5.537)
Observation 17237 2176 1593 17237 2176 1593
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Table A7: Results of the impact of FC and IPR on each industry (without interaction)

(1) (2) 3) (4)
Industry Impact of FC Impact of FC  Impact of IPR  Impact of IPR
on Product on Process on Product on Process
Innovation Innovation Innovation Innovation
Manufacturing Sector
Food 0.026 -0.100" 0.059 -0.045
(0.047) (0.048) (0.048) (0.056)
Textile -0.091 -0.228" -0.120 -0.343™
(0.099) (0.099) (0.101) (0.115)
Garments -0.092 0.042 -0.182™ 0.026
(0.063) (0.064) (0.064) (0.072)
Chemical 0.467™ 0.445™ 0.436™ 0.502™
(0.105) (0.109) (0.108) (0.128)
Plastic and 0.228" 0.141 0.246" 0.243"
Rubber (0.111) (0.117) (0.114) (0.138)
Non-metallic -0.138 -0.012 -0.137 -0.061
mineral product (0.096) (0.097) (0.099) (0.114)
Basic metal -0.024 -0.260" 0.041 -0.256
(0.140) (0.132) (0.142) (0.160)
Fabricate metal -0.051 -0.041 -0.060 0.109
product (0.064) (0.064) (0.065) (0.074)
Machinery and 0.069 -0.011 0.068 0.121
equipment (0.067) (0.068) (0.068) (0.078)
Electronics 0.507™ 0.352" 0.396" 0.291
(0.158) (0.162) (0.164) (0.199)
Construction -0.634™ -0.410™ -0.623™ -0.374™
section F (0.053) (0.051) (0.053) (0.059)
Others -0.055 -0.259™ -0.014 -0.017
manufacturing (0.051) (0.072) (0.029) (0.035)
Service Sector
Wholesale -0.465™ -0.710™ -0.368™ -0.617™
(0.049) (0.050) (0.049) (0.057)
Retail -0.179™ -0.211™ -0.208™ -0.322™
(0.048) (0.048) (0.048) (0.055)
Hotel and -0.633™ -0.504™ -0.511™ -0.391™
Restaurant (0.063) (0.061) (0.063) (0.070)
Transport -0.611™ -0.506™ -0.538™ -0.427™
section | (0.058) (0.057) (0.059) (0.065)
IT 0.366™ 0.240° 0.503™ 0.540™
(0.123) (0.128) (0.125) (0.150)
Other services -0.718™ -0.629™ -0.564™ -0.434™
(0.052) (0.051) (0.053) (0.058)

Note: (1) Cluster robust standard errors are in brackets. (2) Significance shows * at p <
0.10, ** at p < 0.05, and *** at p < 0.01
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Chapter 3: Institutions and innovation collaboration: The
impact of ‘'contracting institutions' and ‘intellectual
property institutions’ on firms’ contractual R&D

partnerships

3.1 Introduction

Confronted with the opening of the world markets and increased
competition, firms have been reshaping their innovation strategies towards
a greater focus on collaborative types of innovation activities in the last
few decades (see Archibugi and Michie 1995; Arora et al. 2001;
Hagedoorn 2002; Chesbrough 2003; Petricevic and Teece 2019).
Particularly, contractual research and development (R&D) partnerships are
becoming prevalent for achieving firms’ innovation-related goals®. The
potential benefits of collaborative R&D include increased scale and scope
of innovation activities, reduced cost and risk, and improved capability to
deal with the related complexities (Kamien et al. 1992; Muller and Zaby
2019)8. In their quest for technological development, firms, therefore,
increasingly intend to engage in R&D partnerships not only with the
suppliers and customers but also with their direct competitors (Narula
2004; Nieto and Santamaria 2010; Belderbos et al. 2015; Dodgson 2018;

Rojas et al. 2018).

5> Hagedoorn (1996; 2002) demonstrates that joint venture, once the most prominent form of
strategic technology partnership, has been replaced to a very large degree (about 90%) by the
contractual agreements, i.e., R&D pact and joint research and development agreement.

6 See Cassiman and Veugelers (2002); Nieto and Santamaria (2010); Gnyawali and Park (2011);
Eberhardt et al. (2013), Hottenrott and Lopes-Bento (2016) and Hagedoorn et al. (2018) for
empirical evidence of the benefits of collaborative R&D.
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Despite the apparent benefits, capturing value from contractual R&D
collaboration through establishing an effective partnership may be difficult
due to the uncertainty in the duration and outcomes (see Schmitz 2005;
Bonatti and Horner 2011). Some deficiency may arise from the contractual
R&D projects and, for these deficiencies, the governance of projects and
managing of intellectual property of the involved parties can be
challenging (Aghion and Tirole 1994; Chen and Sappington 2011). The
contractual R&D is not merely a contract between the partners of the
once-for-all sale of the products, services and licences, but an ongoing
arrangement where involved partners share their complementary
resources, such as financial and human resources, knowledge,
technologies, equipment and laboratories for the common R&D activities
on the basis of the project or programme concerned (Dodgson 2018). In
the contractual R&D cases, the contractual provisions on how to assign
control over the project and how to allocate rights on the intellectual
property are far more complex than other types of innovation partnership
(Williamson 1985; Grossman and Hart 1986; Hart and Moore 1988; Hart
1995; Aghion and Tirole 1997; Hart 2017)’. It is difficult to specify all

potential results of R&D projects in the contracts ex-ante, and thus there is

7 The two leading sub-theories of New Institutional Economics (NIE) - transaction cost approach
(Williamson 1973; 1975; 1985) and property rights approach (Grossman and Hart 1986; Hart and
Moore 1988; Hart 1995) — emphasise on the contract incompleteness and ex-post hold-up
problems resulting from the incompleteness of the contract while discussing the costs and
benefits of the relationship-specific investments. The transaction costs approach focuses on the
incompleteness of contracts and thus the hold-up problems; on the contrary, the property rights
approach emphasises on the role of ownership and it argues that allocation of residual rights
over the assets are crucial in a relation specific investment. Both of the approaches mainly
recognise the fundamental importance of contractual imperfections in the relationship specific
investment (see Gibbons 2005), which conceivably depends on the quality of contracting and
intellectual property (IP) rights institutions.
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room for opportunism in the contractual R&D ex-post (Elfenbein and
Lerner 2003; Schmitz 2020). Therefore, for entering into contractual
agreements and the subsequent performance of joint projects, third-party
contract enforcement as well as intellectual property protection can be
crucial for the firms in the contractual R&D context (Arora and Merges

2004; Hagedoorn et al. 2005; Hagedoorn and Hesen 2007).

In the past, several studies have proven that efficient contract enforcement
and strong intellectual property protection can enhance productivity and
growth of the firms (Beck et al. 2005; Giacomelli and Menon 2017; Chemin
2020), asset allocation (Ponticelli and Alencar 2016), investment in
physical and human capitals (Knack and Keefer 1995; Lin et al. 2019), and
productivity growth and overall economic development of a country (Barro
1991; Hall and Jones 1999; Acemoglu et al. 2001). The previous studies,
however, do not provide us with much evidence on the role of contracting
institutions and intellectual property institutions on firm motivations to
engage in contractual R&D that aim at producing knowledge and
technologies. Only a few studies, such as Cassiman and Veugelers
(2002), Hagedoorn et al. (2005), Kloyer and Scholderer (2012), and
Miozzo et al. (2016), offer evidence for the impact of IPR on R&D
collaboration mostly using data from developed countries. On the other
hand, almost no studies in the empirical literature investigate the effect of
contracting institutions on inter-firm contractual R&D collaboration,
specifically for developing and transition economies. In developing and

transition countries, firms’ face resource constraints and they need to aim
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for technological catch-up and maximise the opportunities of learning by
watching and learning by doing — through collaboration with others
technologically developed local and foreign-invested firms. In those
countries, contracting institutions and intellectual property institutions can
be more crucial for the firms to involve in collaborative R&D activities and
thus for innovation. This study intends to fill this very important void in the
literature by measuring the effects of contracting institutions and
intellectual property rights institutions on contractual R&D partnerships
among firms in developing and transition countries. Unique firm-level
information in the combined Business Environment and Enterprise
Performance Survey (BEEPS) V and the Middle East and North Africa
Enterprise Surveys (MENA ES) dataset enables this study to investigate
the impact of contracting institutions and intellectual property institutions
on firms’ contractual R&D partnerships in developing and transition

countries.

Following the view of North (1991: 97) and the other empirical study
(notably Acemoglu and Johnson 2005), this study views a firm’s
contractual R&D decision as a response to the “formal rules” that “reduce
uncertainty in exchange” and resource constraints. As the formal rules,
contract enforcement institutions and intellectual property institutions can
influence firm incentives for investments in joint R&D projects. Although
both sets of institutions lead to a reduction in opportunistic behaviour,
there are important differences between them. Contract enforcement

institutions refer to the rules (such as contract laws) and administrative
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procedures that regulate transactions between private parties (Hodgson
2006)8 , and intellectual property (IP) institutions are the laws related to
intellectual properties (such as patent, trademark, copyright, design right,
trade secret laws) and related administrative procedures (David 1993;
Khan and Sokoloff 2001; Varian 2005)°. While IP institutions protect the
fruits of contractual R&D (i.e., patent, copyright, trademark, etcetera)
through enforcing IPR-related laws and regulations, contracting institutions
secure the joint investments of contractual R&D projects through enforcing
the pre-specified contractual terms (Arora and Merges 2004; Acemoglu
and Johnson 2005; Hagedoorn and Hesen 2007). When it is difficult to
specify all potential results of joint R&D projects in the contracts ex-ante
due to contract incompleteness, the IPR institution is critical for the ex-post
management of intellectual properties. In the contractual R&D context, it is
challenging to specify rights of potential intellectual property in the
contractual agreement since the contractual R&D partnership is a clear
example of an incomplete contract due to its intended temporary nature
and less hierarchical control (c.f., Oxley 1999; Hagedoorn 2002).
Therefore, both the contracting institution and the IPR institution can be
helpful for each partner to realise their values of joint R&D projects by
controlling opportunistic behaviour. This study, thus, focuses on ex-ante

and ex-post together by jointly studying the role of contracting and IPR

8 Acemoglu and Johnson (2005) argue that the key component of the contracting institution is
the effective functioning of the court system of a country.

% See David (1993), Khan and Sokoloff (2001) and Varian (2005) for definition and development of
intellectual property institutions.
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institutions in augmenting collaborative innovation among developing and

transition countries.

This study contributes to the literature on the field of innovation
collaboration in several ways. First, this study is among the first that
attempts to investigate the impacts of both the contracting institutions and
intellectual property institutions on firms’ contractual R&D partnerships in a
single framework. None of the previous studies attempts to investigate the
impact of contract enforcement and IPR protection within a single
framework using data from developing and transition countries. Second, to
investigate the effects of both these institutions, this study employs the
Cragg (1971) double-hurdle approach to not only estimate the decision to
participate but also measure expenditure once participated in contractual
R&D in a single equation. Third, using more appropriate and diverse
proxies for measuring each set of institutions is an important
methodological contribution of this study. This study intends to propose a
significant policy implication for technologically less developed countries
that helps to establish feasible contract enforcement and intellectual
property protection system, which will be vital for the long-run R&D

collaboration and technological innovation.

The rest of this chapter is organised as follows. Section 3.2 discusses the
relevant literature and develops the foundation for empirical investigation.

Section 3.3 describes data and variable measurement. The econometric
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techniques of model estimation are presented in section 3.4. Section 3.5

represents and discusses the results, and Section 3.6 concludes.

3.2 Related literature

3.2.1 Innovation and collaboration

Following the seminal work of Griliches (1979; 1980; 1986), the literature
on innovation (e.g., Aw et al. 2008; Aw et al. 2011; Doraszelski and
Jaumandreu 2013; Kogan et al. 2017; Audretsch and Belitski 2020) has
yielded many meaningful insights about the firms’ R&D activities in
understanding both firms’ behaviour and overall productivity growth. The
literature on innovation indicates that the basic trends and patterns in the
ways that firms undertake innovation activities have been changing over
the last few decades. Specifically, collaboration is becoming a prominent
way for firms to undertake innovation activities (Rothwell and Dodgson
1991; Archibugi and Michie 1995; Hagedoorn 2002). Innovation
collaboration — also known as ‘alliances’, ‘cooperative agreements’' and
'networks' — refers to any joint innovation activities where at least partners
contribute their complementary resources and knowledge to achieve their
agreed goals (Dodgson 2018). For research, development, manufacturing
and marketing purposes, firms can form strategic technology partnerships
with other firms, educational institutions and research organisations.
According to the literature on research collaboration (i.e., Kamien et al.

1992; Dodgson 1994; Muller and Zaby 2019; Dawid and Hellmann 2020),
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firms may engage in strategic technology partnerships for the following

reasons.

First, collaboration may lead firms to positive-sum benefits in their internal
activities. Collaborative firms believe that they can together attain greater
benefits, which they may not achieve individually. Such potential benefits
include the pooling of complementary resources, learning from the
partners and sharing the cost and risk of R&D (see for evidence:
Belderbos et al. 2004b; Lin et al. 2012; Hagedoorn et al. 2018; Bustinza et
al. 2019). A combination of different resources and technological know-
how may produce a better and widely acceptable product, process and
services. Innovation activities are often very costly and risky (Kerr and
Nanda 2015). Collaboration shares these high costs and thus reduces the
risks of innovation activities. The innovation process is becoming
increasingly complicated (Kerr et al. 2014), so collaboration can be a way
for firms to deal with these complexities through combined strategic

efforts.

Second, it is assumed that collaboration is a means of coping with the
uncertainties of the business environment. Ever-changing demand,
growing competition, market internationalisation, and rapidly changing
technologies impose pressure on firms' market share. Firms attempt to
control these uncertainties through strategic technology partnering
(Hagedoorn 2002). Firms assume that they can manage these

uncertainties more easily in collaboration than in isolation, and the
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rationale behind firms' assumption is contained in the seminal works of

Utterback and Abernathy (1975).

Third, collaboration may allow for unbundling discrete technological assets
in order to transfer them to the collaborative partners. Technological
collaboration allows for developing the sympathetic system, procedure and
vocabulary between the partners — where both the young firms and
established firms can share their complementary resources and combine
efforts to support new ideas — that may create significant values not only
for the involved partners but also for the countries in which such

cooperation take place (Rosle 2015).

Fourth, particularly in developing and transition countries, collaborative
R&D can be an essential tool to the financially constrained firms for
technological catch-up through maximising the opportunities of learning by
watching and learning by doing with other technologically developed local

and foreign-invested firms.

Innovation collaborations between the firms can take place through formal
arrangements, such as contractual research agreements and joint
ventures, or informal know-how trading, such as informal cooperative
R&D. Although firms' innovation collaboration can take place in different
forms, world-wide growth in the strategic technology partnership has been
increasingly dominated by the contractual R&D partnerships since 1960
(Hagedoorn 1996; Collinson and Liu 2019). Hagedoorn (2002) argues that

the reason behind this increasing dominance of contractual R&D
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partnerships is its strategic flexibility (see also Sampson 2004). Due to this
strategic flexibility in the contractual R&D, partnership demand grows for

greater flexibility in many industries.

Two major challenges related to contractual R&D collaboration are the
governance or control over collaborative research projects and the
managing of intellectual properties of the involved partners (Majewski and
Williamson 2004; Schmitz 2019). In a contractual R&D project, involved
partners share their complementary resources and such sharing is
temporary in nature compared with the other types of partnership like R&D
joint ventures (Oxley 1999; Hagedoorn 2002). It is often complicated to
assess the extent and scope of knowledge generated from the joint

projects prior.

Besides, knowledge capability and efforts of the partners and subsequent
knowledge transfer are difficult to realise in advance due to the presence
of some degree of asymmetric information. Particularly, the fear of loss of
control, high transaction cost, risk of opportunistic behaviour, diffused
intellectual property rights, and unwanted knowledge transfer can make
inter-organisational relationships difficult in collaboration (Aghion and
Tirole 1994; Elfenbein and Lerner 2003; Arora and Merges 2004;
Hagedoorn and Hesen 2007; Bonatti and Horner 2011; Schmitz 2020).
The governance of cooperative relationships through formal contract
enforcement and intellectual property protection is, therefore, critical for

effective innovation collaboration.
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3.2.2 Contracting institutions and innovation collaboration

In collaboration, firms need to be involved in the contractual agreements
with external parties for the governance of inter-organisational
relationships. Functional partnerships depend on the effective
enforcement of the contractual terms that can be achieved through
informal self-enforcement or formal third-party enforcement mechanisms?°.
Due to the intended temporary nature and low level of organisational
control, contractual R&D partnerships are surrounded by some information
deficiencies. Therefore, it is difficult to contractually specify all potential
outcomes from contractual R&D partnerships in advance, which can
create an opportunism-driven hold-up problem later at the project stage.
While there is also a lack of hierarchical control, third-party contract
enforcement through countries’ legal system (i.e., contracting institutions)
is crucial for enforcing contractual terms and regulation of such

partnerships.

The importance of contract enforcement institutions for collaboration can
be realised in the context of the simple hold-up games with the incomplete
contract, as studied in the numerous works on transaction cost economics
such as Williamson (1973; 1985; 2000; 2010), Klein et al. (1978),
Aldashev and Zanarone (2017) and Martimort et al. (2017). If firms have

perfect information and unbounded rationality as assumed by the classical

10 See MacLeod (2007), Hall et al. (2014) and Watson et al. (2020) for the choice between formal
self-enforcement and informal third-party enforcement mechanisms. They explore the use of
both informal self-enforcement and formal third-party court enforcement mechanisms and argue
for the trade-off between formal self and informal third-party enforcement depending on the
situations.
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and neoclassical economists (notably Smith 1776; Robbins 1932), the
market mechanism could enforce contracts efficiently, and transactions
would be costless and instantaneous. Transaction cost economics (TCE)
abandons these standard classical and neoclassical assumptions (see
Williamson 1979; Teece 1980; Grossman and Hart 1986; Hart 1995;
Williamson 1998; Hart 2017). The literature on TCE instead assumes that
firms have "incomplete information"!' and "bounded rationality"'?. For the
presence of these two factors, firms face uncertainties about future actions
and outcomes and bear transaction costs for acquiring the right
information. Relationship-specific investments may create dependency
and vulnerability to the opportunistic hold-up problem (see also Blanchard
and Kremer 1997; Aghion and Holden 2011; An and Tang 2019). For
reducing risks and transaction costs, therefore, men devise rules and
procedures — so-called formal contacting institutions — and codes of
conduct, beliefs and norms of behaviour — or informal contracting

institutions — that govern partnerships (North 1991)*3.

11 Akerlof (1970) observes that presence of asymmetric information is the reality in the
transactions. In his famous example of the used car markets, Akerlof shows that, due to the
information asymmetry, buyers often fail to differentiate between ‘cherry’ (good cars) and
‘lemon’ (bad cars).

2 The principle of bounded rationality theory, by Simon (1947); (1955), is that the capability of
organisation in formulating and solving complicated problem is very small comparing with the
extent of the problems, as he stated, “We shall explore possible ways of formulating the process
of rational choice in situations where we wish to take explicit account of the "internal” as well as
the "external" constraints that define the problem of rationality for the organism”(Simon 1955: ,
p. 101).

13 In his ground-breaking work North (1991; 1992) defines institutions as the informal constraints
(such as norms, customs, traditions, and codes of conduct) and the formal rules and regulations
(such as constitutions, laws, property rights). According to him, transaction costs comprise of four
factors: measurements, enforcement, ideological attitude and perception, and the size of the
markets. He defines enforcement as the need of the neutral third-party to make sure that neither
of the parties involved in the transactions can renege on their part of an agreement.
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The contractual R&D partnership is a clear example of an incomplete
contract due to its expected temporary nature and less hierarchical control
(c.f., Oxley 1999; Hagedoorn 2002). Therefore, partners' ex-post
negotiating power of the involved partner can be reduced, and their quasi
rent may be extricated, at least in part, by their co-partners (Nicita and
Vatiero 2014). It may be impossible to address and resolve all of the
contract-related issues ex-ante. Instead, much of the contract-relevant
actions spill over into the contract execution interval and need to be
resolved ex-post by whatever governance devices have been provided
(see Williamson 1976; 1999; Dixit 2009; Mike and Kiss 2019). The ex-post
governance mechanism is either self-enforcement or third-party
enforcement. Due to the opportunism involved, the self-enforcement
mechanism may not be passable. In fact, in the rapidly changing
innovation industries, partners may not show expected behaviour in
keeping contractual agreements with their co-partner. This risk of
opportunism may drive the firms away from the contracts, which eventually
creates hold-up problems (see also Che and Hausch 1999; Gilson et al.
2009). Anticipating this potential problem, to reduce the risks of ex-post
opportunistic behaviour of co-partners, firms may under-invest in
collaborative innovation projects, leading to inefficiencies. Dixit et al.
(1994) argue that weak contract enforcement can directly affect the
uncertainties surrounding the projects which consequently influences the

firms' decisions to engage in a project by increasing the costs of the
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projects, reducing expected returns from it, or usually increasing the cost
of the option to 'wait and see' (see also Watson et al. 2020). Therefore,
third-party contract enforcement can be crucial for innovation
collaboration. Third-party contract enforcement through the legal system
can ensure effective contract enforcement by providing punishment for
opportunistic behaviour (c.f., Hagedoorn and Hesen 2007; Martimort et al.
2017). Hadfield (2005) argues that even if very few disputes of contractual
relationships are pursued in the formal court, a functional and effectual
legal system can alter the firm's incentive to behave opportunistically and

thus can improve the efficacies of other forms of contract enforcement.

The literature on firm boundaries argues that the efficiency of formal
institutional contract enforcement influences firms' decision to engage in
partnerships. For example, in the seminal works "The Nature of the Firm"
(1937) and "The Problem of Social Cost" (1960) that remain at the core of
the new institutional economics (NIE), Coase explores the following
dominant questions: Why do firms exist?; and Why do not all transactions
sort out through the market mechanism? He notably answered both of
these questions by positing that the firm exists to economise transaction
costs in the world of imperfect information. When the costs of transacting
through market mechanisms are high, it may be more cost-effective to
coordinate through the formal institutions than through the markets (see
also Williamson 1971; Klein and Leffler 1981; Holmstrom and Roberts
1998; Teece 2017; Kikuchi et al. 2018; Atalay et al. 2019). He argues that

firms do not work as a "black box" that take prices at one end and produce
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products at the other end. Instead, firms realise their internal costs as well
as transaction costs if they want to gain advantages over markets. The
level of transaction cost mainly depends on the institutional setting of a
country — namely, the functioning of the legal system (see also Arrighetti et
al. 1997; Djankov et al. 2003; Acemoglu and Johnson 2005; Levine 2005b;
La Porta et al. 2008; Voigt 2016)!*. When third-party enforcement of
contractual agreements through the legal system is not credible or too
costly, the performances of technological cooperation will suffer, and many
otherwise profitable strategic technology partnerships will not occur due to
the uncertainties (Acemoglu et al. 2007). The court is particularly crucial in
developing and transition countries to develop a functional contractual
relationship. While informal relation-specific interactions cannot be
sustained due to the institutional and environmental voids in those
countries, a workable court can help to start and develop the new

interactions (Johnson et al. 2002; Sheng and Yang 2016).

Based on the view of transaction cost economics (Riordan and Williamson
1985; Williamson 1985), asset specificity is also important in
understanding why contract enforcement is essential for functional R&D
partnerships. In cooperative R&D, partners invest in the specific assets for
a partnership, and the opportunity cost of such investment is much lower
in the best alternative use. Transaction cost economics (TCE) argue that
investment in the specific asset for a partnership increases the hazard of

opportunism and, thereby, transaction costs (Parkhe 1993; Carson et al.

14 Acemoglu and Johnson (2005) and La Porta et al. (2008) demonstrate that the role of
contracting institutions (mostly functioning of the legal system) is crucial in enforcing contracts.
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2006). The hazard of opportunism is present because an asset-specific
investment is of less value for alternative use. Involved partners, therefore,
have room to expropriate the returns from such specialised investment by
using ex-post bargaining power or threat of termination. TCE claims that
performances of partnerships can be maximised through reducing the
opportunism or hold-up on asset specificity. TCE proposes that formal
contracts are the device to reduce opportunism from asset-specific
investment in the following ways. First, formal contracts state rules,
procedures, terms and conditions to mitigate the future opportunistic
behaviour and thereby reduce uncertainty about outcomes from the
partnerships (Lusch and Brown 1996). Second, since formal contracts
specify future cheating occasions and associated punishments in the
written form, they can serve as the reference in a court to resolve conflicts
arising from any future dispute (Ring and Van de Ven 1992; Cavusgil et al.
2004). In such a situation, external court enforcement of the contractual

safeguards is required to protect specific assets of R&D partnerships.

Empirically, numerous studies provide evidence that third-party contract
enforcement can influence relationship-specific investment by controlling
the opportunistic behaviour of the involved parties. Nunn (2007), for
example, provides supporting evidence that the efficiency of the courts in
enforcing contracts is an important determinant of relationship-specific
investments. Using data on trade flow and quality of the court system (for
measuring the efficiency of institutional contract enforcement) from OECD

countries, he found that the manufacture of products for which
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relationship-specific investment are required is positively correlated with
the quality of the judicial system and the efficiency of contract enforcement
of the countries (see also Nunn and Trefler 2014). Similarly, Mccannon et
al. (2018) and Mike and Kiss (2019) demonstrate that efficient third-party
contract enforcement along with self-enforcement leads to enhanced rates

of contract formation and more substantial investments.

A large body of empirical evidence (e.g., Dyer 1997; Gulati and Singh
1998; Oxley 1999; Lerner and Schoar 2005; Cassiman and Veugelers
2006; Atalay et al. 2019; Boehm and Oberfield 2020) demonstrates that
transaction costs are prime determinants of governance choices. When
transaction costs are high due to inefficient third-party contract
enforcement through court, firms prefer ownership control over the
contract, and they are more interested in hierarchical governance modes
then contractual modes (can see for more evidence, Madhok 1998; Um

and Kim 2019).

However, there are almost no studies in the empirical literature on the
impact of contracting institutions on inter-firm contractual R&D
collaboration. Instead, a few studies examine the effect of contract
enforcement/transaction costs on firms' R&D investment and find that
transaction costs are crucial for firms' choices between in-house and
external contractual arrangements of R&D. For example, using data on 92
biotechnology pharmaceutical R&D projects of major pharmaceutical

companies, Pisano (1990) shows that the small-numbers-bargaining
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problem motivates the firms to internalise R&D instead of entering into
contractual R&D agreements with others. Acemoglu et al. (2010) explore
the determinants of vertical integration of technology-intensive firms using
data from the UK manufacturing sector. Their findings are consistent with
the incomplete contract theory of the firm, and they find that the
relationships between producing industries and supplying industries are
vertically integrated when the producers are technology-intensive and the
suppliers are less technology-intensive. Seitz and Watzinger (2017)
investigate the roles of contract enforcement for R&D investments using
data for 28 industries in 40 countries from 1987 to 2007. They provide
evidence that R&D investment increases with the increase of the quality of

the judicial system of a country.

From the theoretical arguments discussed above, it is clear that the role of
contracting institutions is crucial for inter-firm contractual R&D agreements
since it provides incentives to control opportunistic behaviours of involved
partners. However, empirical evidence on the effect of efficient contract
enforcement through formal contracting institutions on firms’ contractual

R&D agreements is very scant.

3.2.3 Intellectual property institutions and innovation collaboration

More complicated allocation of intellectual property rights is commonly
observed in contractual R&D partnerships. Contractual R&D bears the
potential risks of free-riding, unanticipated know-how and technology

leakages, and appropriability hazards that can distract the partnerships.
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The intellectual property rights (IPR) protection through IP institutions (i.e.,
patent, trademark, copyright, design right, trade secret laws and related
administrative procedures) is therefore crucial for firms joining in R&D
partnerships and performances of the partnerships. Specifically, when it is
difficult to specify rights over potential intellectual property in advance due
to the incompleteness of the contractual agreement, IPR institutions have

a role in ex-post management of the intellectual property.

The literature on the economics of property rights approach
(predominantly Grossman and Hart 1986; Hart and Moore 1988; Aghion
and Tirole 1994; Hart 1995; Hart 2017) indicates how clear and legally
binding property rights are required for effective partnerships. According to
this Grossman-Hart-Moore property rights approach, in partnerships, the
property should be possessed by the partner whose marginal efforts have
the highest impacts on the project’s success. But, many scholars,
including Teece (1986), Osborn and Baughn (1990), Anand and Galetovic
(2000), Hagedoorn (2002) and Schmitz (2017), argue that, in the
contractual R&D partnerships, managing of intellectual property between
the involved parties is far more complicated than the other types of
partnerships. Due to the intended temporary nature and low organisational
control, contractual R&D is likely to be surrounded by the two types of
informational deficiency that can distort ex-post collaborative relationships
(Nelson and Winter 1977; De Fraja 1993; Veugelers 1998; Oxley 1999;
Akrich et al. 2002; Hagedoorn 2002). First, it is complicated to predict the

nature, scope and potential use of intellectual property created through
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contractual R&D project. Also, continuous changes in technologies and
R&D activities in the related R&D-intensive industries can add more
uncertainties in the assessment of the future value of the intellectual
property that is generated from the projects (Freeman and Soete 1997).
For these reasons, ex-ante firms do not have a clear understanding of how
to share the potential intellectual property between the parties, and
therefore it is difficult to write it into the contract clearly. IPR protection is
critical for the ex-post management of these diffused intellectual property
rights (Anand and Galetovic 2000; Manzini and Lazzarotti 2016). Second,
there can be an unusual degree of informational asymmetry in the know-
how capability of the partners. Besides, firms can absorb technological
know-how from their co-partner firms but may try to conceal their own
technological knowledge (c.f., Farrell and Scotchmer 1988; Shapiro and
Willig 1990; De Fraja 1993; Veugelers and Kesteloot 1994; Ishii 2004;
Schmitz 2005; Campbell et al. 2014; Kaya and Vereshchagina 2014).
Bonatti and Horner (2011) argue that in a collective project, when the
duration and outcome of the projects are uncertain and individual efforts of
the involved partners are unobserved, the free-riding problem leads not
only to the reduction in efforts but also to the procrastination. While there
is a lack of hierarchical control, the protection of intellectual property rights
through formal intellectual property (IP) institutions is, therefore, more
crucial for the contractual R&D partnerships than the other forms of
technological partnerships. Proper IPR protection can help to control this

ex-post moral hazard.
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According to Aghion and Tirole (1994), in the vertical contractual R&D
partnerships, allocation of intellectual property rights and management of
innovation may affect both the frequency and the magnitude of innovations
from collaboration (see also Chen and Sappington 2011). If intellectual
property rights on that innovation are allocated to the customer firm (who
financed the innovation), the customer firm should be the direct beneficiary
of the innovation. Although intellectual property rights are conferred to the
customer firm, in practice, the producer firm can easily use the knowledge
produced in that project for their own purposes when institutional IPR
protection is weak. Then, the customer firm does not receive incentives to
invest in innovation. On the other hand, if intellectual property rights are
conferred to the producer firm, the customer firms can sell that innovation
to the end customers. In that case, producer firms do not receive an
incentive to involve in contractual R&D collaboration (Bénte 2008). The IP
institutions can reduce the risks of such type of opportunism through
effective IPR protection and can work as an incentive for the firms to
become involved in the contractual R&D projects (Chen and Sappington

2011).

Moreover, unanticipated know-how leakage to the co-partners is the
potential drawback of engaging in the R&D partnerships. Teece (1986),
De Bondt (1997), Perez-Castrillo and Sandonis (1997), Oxley (1997),
Bloom et al. (2013), Frishammar et al. (2015) Smrkolj and Wagener (2019)
argue that in the contractual partnerships, such as joint R&D pact and joint

development agreement, there are the chances of unintended transfer of
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knowledge that can be a concern for the firms to engage in R&D
partnerships. Partners in innovation collaboration may have easy access
to the technological know-how of their co-partners that go beyond the
contract. When imitation is easy, co-partners can use this know-how to
fulfil their own purpose without authorisation. Loss of the highly valuable
know-how to the co-partners, particularly when they are the rivals, through
R&D partnerships is a substantial threat to the market position of the
concerned firm (Doz et al. 1989; Duso et al. 2014) since the firms may
share information in the cooperative R&D stages but can remain
competitors in the market-place. For the presence of this potential
unwanted outgoing spill-over or appropriability hazard in the R&D
partnership stage, the firm seeks formal strong intellectual property

protection for engaging in R&D partnerships (Cassiman et al. 2002).

Particularly in developing countries, the strength of IP institutions in
enforcing intellectual property rights is a more crucial factor for the firms’
decision to engage in contractual R&D partnerships (Markusen 2001)
because IP institutional voids in those countries are likely to make the
problem from the incompleteness of the R&D contracts more severe. In
developed countries, the IPR regime is well-established due to the
presence of effective IP institutions. But developing countries are likely to
have substantial appropriability hazards because such type of country
offers little or no IPR protection due to institutional voids (Ginarte and Park
1997; Park 2008). Defective appropriability can provide incentives to firms

for the free-riding on R&D efforts of others (Shapiro and Willig 1990;
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Kesteloot and Veugelers 1995) and can also encourage firms to free-ride
on the technological know-how of joint research projects beyond the
cooperative agreements (Greenlee and Cassiman 1999). Beladi et al.
(2016) argue that in developing countries, strengthened IPR influences the
firm to undertake contractual R&D partnerships which facilitates the
process for local firms to switch from imitator to potential innovator through

the switching effects.

However, there are a wide variety of arguments about the role of IPR
protection on innovation activities in developing countries. Strong IPR
protection may not always be required for more and better innovation
performance (Dosi et al. 2007). Acemoglu and Akcigit (2012) argue that
full IPR protection is not always optimal. According to them, in an
economy, many industries and firms may engage cumulative innovation,
and IPR policy controls whether follower firms in an industry can imitate
the technologies of the leader. Full IPR protection prevents the followers
from copying the technologies of the leaders and thus hampers overall
technological development. Similarly, Gangopadhyay and Mondal (2012)
claim that stronger IPR protection can hinder the free flow of knowledge
from innovation and eventually discourages innovation. Collaborative R&D
activities are the way of adopting outgoing knowledge streams for the
firms. According to this view, tight IPR protection can have a negative
effect on firms' cooperative R&D by preventing the internalising of the

information flow between the firms (Lopez 2008).
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Empirical studies (i.e., Anand and Galetovic 2000; Kanwar and Evenson
2003; Chen and Puttitanun 2005; Aghion et al. 2015; Galasso and
Schankerman 2015; Brown et al. 2017; Gamba 2017) provide evidence
that strong IPR protection is helpful for overall innovation performance and
thus economic development. Some studies — prominently those of Lerner
(2009) and Woo et al. (2015) — however, exhibit puzzling results on the
effect of strong IPR (mostly patents) on innovation as they show that
strong patent protection hinders innovation rather than facilitates it,

specifically in developing countries.

A large body of study (e.g., Oxley 1999; Hagedoorn et al. 2005; Hertzfeld
et al. 2006; Li et al. 2008; Leiponen and Byma 2009; Lerner and
Malmendier 2010; Czarnitzki et al. 2015; Colombo and Piva 2019) exhibits
that IPR protection is a significant factor for firms’ choices of a specific
model of innovation collaboration and types of partnership. This existing
evidence shows that when IPR protection is weak, firms tend to choose
more hierarchical governance modes than the contractual R&D

partnerships.

Empirically, very few studies investigated the relationship between
intellectual property rights protection through IP institutions and firms’
propensity to engage in contractual R&D partnerships. Existing empirical
studies investigated the relationship between intellectual property
protection and the firm's propensity to enter into R&D partnerships, mostly

using data from developed countries. For example, Miozzo et al. (2016)
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demonstrate a substantial positive relationship between firms’ propensity
to engage in innovation collaboration with different partners and formal
appropriability mechanisms for the sample of the UK and US KIBS firms.
Drawing data from a survey on the UK and US firms, their study shows
that capturing value (measured by the portfolio of product or process
innovations) from the innovation collaboration is also closely associated
with formal appropriability mechanisms. Hurmelinna-Laukkanen (2011)
also analysed the effect of IPR protection on firms’ engaging in innovation
collaboration for the Finnis firms and exhibits almost the same results as

Henttonen et al. (2016).

Empirical studies on the impact of IPR protection on ex-post collaborative
relationships provide mixed evidence. Analysing Community Innovation
Survey (CIS) data of the firms of several member countries of the
European Union, Cassiman and Veugelers (2002) suggest that firms must
protect their technological know-how before engaging in R&D cooperation
with suppliers and customers. Their study found that valuable information
can leak through these types of R&D partnerships that can reduce returns

of the firms from R&D cooperation.

Using a cross-industry sample of 113 partnerships cases from German
biotechnology and pharmaceutical firm alliances, Kloyer and Scholderer
(2012) investigate the role of IPR control right in regulating the suppliers’

opportunism. Their result shows that the contractual relationship is
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effective when ex-ante patent ownership rights are assigned to the

suppliers.

Similarly, using the CIS data on the German firm for the year 2008,
Schubert (2016) investigates whether innovation collaboration increases
the risk of violation of intellectual property (IP). Probit results suggest that
depending on the nature of the intellectual property of innovation,
partnership increases the risks of infringement by up to 37%. Results of
this study indicate that increase of the risks of this infringement can be
reduced through a formal IP protection mechanism. However, according to
the results, this opportunistic infringement cannot be eliminated through
formal IP protection mechanisms because the infringement arises from the
formally unprotected IP, like tacit know-how (can see Veer et al. 2016: for
similar evidence on German firms). Lhuillery and Pfister (2009) exhibit
almost the same results for the French manufacturing firms. Using CIS
data from the French firms, they find that around 14% of R&D partnerships
have to abandon or delay joint innovation projects due to difficulties in their
collaborative relationships, but firms in industries with a better
appropriability through patent protection and secrecy face a lower rate of

collaboration failure.

To summarise, intellectual property institutions are critical for facilitating
smooth knowledge sharing in R&D collaboration through efficient IPR
protection. Theoretically, IP institutions can protect valuable technological

assets and know-how of the firms from unauthorised appropriation by
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controlling the opportunistic behaviour of co-partners. However,
empirically, there is little evidence on the impact of IP institution on
contractual R&D partnerships, particularly for firms in developing and

transition countries.

3.2.4 Other determinants of contractual R&D partnerships

Existing literature has suggested several other factors that exert effects on
the firm's contractual R&D partnerships, and therefore influence firms’

decisions to engage in contractual R&D partnerships.

To begin with, there are strong theoretical arguments (i.e., Cohen and
Levinthal 1989; Cohen and Levinthal 1990; Qian and Acs 2013) and well
documented empirical evidence (e.g., Cassiman and Veugelers 2002;
Belderbos et al. 2004a; Hagedoorn et al. 2005; Lopez 2008; De Faria et
al. 2010; Chun and Mun 2012; Lin et al. 2012; Spithoven and Teirlinck
2015; Jakobsen et al. 2019) on how the absorptive capacity of the firms
impacts the probability of engaging in contractual R&D partnerships and
subsequent performance. Firms with a higher level of absorptive capacity
can put greater value on co-partners and capture greater knowledge from
the cooperative R&D process that is necessary for a successful R&D
partnership. The absorptive capacities of the firms are reflected through
their R&D investments, innovation activities, human resource and
knowledge management capabilities (see Vega-Jurado et al. 2008;
Murovec and Prodan 2009; Zanello et al. 2016). These factors that have

important attributes to cooperative R&D projects, therefore, can work
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behind the decision of taking part in contractual R&D partnerships. Past
studies (Cassiman and Veugelers 2002; De Jong and Freel 2010; Lin et
al. 2012) provide evidence that absorptive capacity has a role both in

contractual R&D partnership decision and performance.

Size and age of the firms' impact the probability of conducting R&D by the
firms (Cohen et al. 1987; Baumann and Kritikos 2016). So, firms’ size and
age are related to the likelihood of firms’ engaging in R&D partnerships.
Existing literature (for instance, Cohen and Klepper 1996; Vega-Jurado et
al. 2008; Schmidt 2010; Santoro et al. 2020) predicts that larger firms are
more likely to possess the higher absorptive capacity and perform more
R&D activities. Due to the R&D intensity and higher absorptive capacity,
larger firms are expected to engage in R&D cooperation more (see for
empirical evidence: Cassiman and Veugelers 2002; Roijakkers and
Hagedoorn 2006; Chun and Mun 2012; Van Beers and Zand 2014,
Santoro et al. 2020). The age of the firms can also be important for the
propensity of firms to engage in R&D partnerships (c.f., Audretsch et al.

2014; Hottenrott and Lopes-Bento 2014).

Moreover, industry differences are also likely to be important for R&D
collaboration since firms in a different industry may have a different
strategy as well as innovation capability (Peneder 2010). The sectoral
effect that reflects through the technological opportunities and intensities
can be significant in R&D partnerships. Existing studies (e.g., Hagedoorn

2002; Hagedoorn et al. 2003; Busom and Fernandez-Ribas 2008; De
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Faria et al. 2010; Chun and Mun 2012; Van Beers and Zand 2014;
Henttonen et al. 2016) demonstrate that sectoral contexts in which the

firms operate have an impact on firms’ collaborative R&D.

Furthermore, dimensions of national culture describe by Hofstede (1984)
can affect the probability of the firms engaging in R&D partnerships (Chen
et al. 1998). In collectivism, people are integrated into the group, and
individualism is the opposite of collectivism (Hofstede 2011). From this
theoretical perspective, it can be expected that in a collective culture, firms
are more likely to engage in R&D cooperation than that of the firms of the
individual culture. Empirical works such as Oxley (1999), Hagedoorn et al.
(2005), Gorodnichenko et al. (2018) and Kukharskyy (2020) demonstrate
that the cultural dimension has a significant influence on firms’ R&D

partnership choice.

Lastly, the degree of economic openness and overall economic
development level of the country may affect firms' propensity to engage in
R&D partnerships and the subsequent performance of the collaborative
R&D. Grossman and Helpman (1990), Santacreu (2015), Bgler et al.
(2015) and Bloom et al. (2016) all argue that market openness or
international trade can influence technological development through
technology transfer or the knowledge spill-over effect (see for evidence:
Fracasso and Marzetti 2015). Based on the discussion of the literature, it
can be expected that in a more open economy, firms are more likely to

engage in R&D partnerships (c.f., Hagedoorn et al. 2005).
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Table 3.1: Summary of the major empirical works on the impact of contracting and IPR institutions on R&D

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Past empirical studies on the impact of contracting institutions
Boehm Misallocation in OLS, Microdata on  The strength of formal contract Intermediate  Court The
and the Market for 2SLS IV Indian enforcement through legal input use, efficiency Quarterly
Oberfield  Inputs: regression manufacturing  institutions determines how a firm Vertical (measured Journal of
(2020) Enforcement and firms, sources inputs and organises Integration by the Economics
the Organization 2000/01 to production. Results also show that average age
of Production 2012/13 firms’ performances are significantly of pending
explained by the cross-state cases in the
variation of the efficiency of courts in state's high
enforcing contracts. court),
Chemin Does Court Probit Data on This study investigates the effect of  Breach of Efficiency of  Journal of
(2012) Speed Shape regression 627,000 firms quick court enforcement on firms’ contract, the  court Law,
Economic of India’s contracting behaviour as well as incentive for Economics,
Activity? National economic performance and exhibits  investment and
Evidence from a Sample evidence that efficient court Organization
Court Reform in Survey (2000 enforcement leads to fewer
India - 2005) breaches of contract and
encourages investments.
He et al. Does contracting  OLS, Data for 28 of Provinces with better contracting Contract NERI INDEX, China
(2019) institution affect 2SLS and China firms, institutions specialise in the industry  intensity, the formal Economic
the patterns of Tibet 1998 to 2009 with more intensive relationship- Industrial legal system  Review

industrial
specialization in
China?

specific investment.

specialisation
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Table 3.1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Lerner Does Legal OLS, Logit A sample of  The contractual choices of the firms  Different Countries’ The
and Enforcement regression 210 private vary with the cross-country variation  contract legal origin, Quarterly
Schoar Affect Financial equity in the legal structure and provisions enforcement  Journal of
(2005) Transactions? transactions  enforcement. In a country with poor  (dummy) of contracts ( Economics
The Contractual from legal enforcement and civil laws, measured by
Channel in developing firms prefer to depend on equity and the “time-to-
Private Equity countries, board control. Moreover, a contract-
1987 and transaction in the high enforcing dispute-
2003 nations has higher valuation and resolution”)
return.
Levchenk Institutional OLS Data for 177  Cross-country difference in contract  Share of Index of The Review
0 (2007) Quiality and regression countries and enforcement efficiency and property  imports institutional of Economic
International 389 rights protection strength are the quality, Studies
Trade industries in  significant determinants of trade Herfindahl
the year flows. index of
1998 institutional
intensity.
Nunn Relationship- OLS Data on 28 The efficiency of contract Total exports, The rule of The
(2007) Specificity, regression aggregate enforcement of a country is an the value of law index, Quarterly
Incomplete industries for  important determinant of output, stock  Legal quality  Journal of
Contracts, and 78 countries  relationship-specific investments. of physical index, Economics
the Pattern of The manufacturing of product for capital Formalism
Trade which relationship-specific index.

investment is required is positively
associated with efficient contract
enforcement by the courts.
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Table 3.1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Oxley Institutional Logit Data on 3500 Both contract enforcement and Equity joint Appropriabilit  Journal of
(1999) environmentand  model in many intellectual property protection (IPR)  venture or y, intellectual Economic
the mechanisms different are significant factors in determining  contractual property Behavior &
of governance: industries governance choices in alliances. alliance protection, Organization
the impact of and countries Firms prefer an equity joint venture (binary) contractual
intellectual to a contractual alliance when formal difficulties.
property protection is weak.
protection on the
structure of inter-
firm alliances
Seitzand Contract OLS Data for 21 The intensity of R&D investments R&D The rule of Research
Watzinger Enforcementand regression industriesin  increases with the increase of the expenditure law index, Policy
(2017) R&D Investment 22 OECD quality of the judicial system in contract
countries enforcing the contract, and this dependency,
over 11 years impact is particularly compelling in formalism
the industries that depend heavily on index.
bilateral contract to acquire their
inputs.
Veer etal. How open is too Logistic Data on Results show that IPR protection Imitation IPR, Contract R&D
(2016) open? The regression 2,797 firms works as a mechanism of controlling  within the Management
mitigating role of from CIS imitation activities in a collaborative  collaboration
appropriation survey of R&D, but contracts do not. or closely
mechanisms in German part after

R&D cooperation
settings

for the period
of 2005-2007
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Table 3.1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Past empirical studies on the impact of IPR institutions
Cassiman R&D Cooperation probit CIS data on Proper appropriability through Whether the  Appropriabilit  The
and and Spillovers: model of 411 firms of  strategic intellectual property firms decide vy, industry- American
Veugelers Some Empirical whether the Belgian protection increases the likelihood of to engagein level legal Economic
(2002) Evidence from the firms manufacturin  firms entering into cooperative R&D  cooperative protection. Review
Belgium decide to g industry agreement. Effective legal protection R&D
cooperate  between enables firms to have better control  agreements
or no 1990 and over the outflow of commercially or not
1992 sensitive information and thus
increases the probability of firms
engaging in cooperative R&D
agreements.
Czarnitzki R&D Probit MIP survey An uncertain intellectual property Collaborate Legal Review of
et al. Collaboration with  model data 2,795 rights protection system leads to with other appropriabilit  Industrial
(2015) Uncertain sample firms  reduced R&D collaboration and can  firms or not y, risks, Organization
Intellectual for the years  hamper the production of knowledge strategic
Property Rights 1992 and from collaborative projects. appropriabilit
1996 y.
Hagedoor Intellectual Binomial Data on 2005 Cross-country differences in IPR Firms choose International  Journal of
netal. property rights logit international  protection are a major factor in an equity IPR ratio. International
(2005) and the REGRES R&D determining the nature of R&D joint venture Business
governance of SION partnerships  partnerships. In a less secure IPR ora Studies

international R&D
partnerships

in 53
countries,
1975-1999

protection environment, firms choose
the R&D joint venture instead of a
contractual R&D partnership.

contractual
R&D
partnership
(binary)
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Table 3.1 (Continued)

Author(s) Title of the Methodol Data Result Dependent Independent Name of the
and Year paper ogy variable variable Journal
Kukharsky A tale of two OLS, Panel data The knowledge-intensive parental The Patent Journal of
y (2020) property rights: GLS, on 100,000 firms prefer higher ownership in their  ownership protection, International
Knowledge, Fixed- multinational  affiliated partners, and these share of an Intellectual Economics
physical assets, effects firms relationships are less evident when HQ. property
and multinational worldwide, the IPR protection is stronger in the rights index
firm boundaries 2004 - 2014  affiliates’ country. (IPRI)
Lhuillery R&D cooperation  Sample French CIS The firms in the industries with a Cooperation  Legal Research
and and failures in selection data on 2354  strong appropriability regime face failure. appropriation  Policy
Pfister innovation model respondents  fewer risks of R&D cooperation conditions.
(2009) projects: in the year failure.
Empirical 1994 to 1996
evidence from
French CIS data
Miozzo et  Innovation Huber- Survey data  Firms’ innovation collaborations are ~ Whether the  Formal Research
al. (2016) collaboration and  White on 223 firms  positively related to the modest level  firm takes appropriability  Policy
appropriability by  cluster- (92 UK and of formal appropriability part in mechanisms
knowledge- robust 131 US mechanisms; however, a negative innovation
intensive standard firms) in the relation observed when a firm collaboration
business services error year 2012 assigns very high importance to the  with others or
firms estimator formal appropriability mechanism. not.
Schubert  Infringement of Probit Firm-level The formal intellectual property IP Protection R&D
(2016) intellectual regression CIS data on protection mechanism does not infringements breadth, Management
property in 6,110 firms in  remove the sources of opportunistic patent.
innovation the year IP infringement.
partnerships 2008
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Key findings of the past empirical works on the effect on contracting

institutions and IPR institutions on R&D are summarised in Table 3.1.

In summary, it can be posited that contracting institutions and IP institutions,
along with some other factors such as absorptive capacity, firm size, firm
age, industrial sectoral context, dimensions of national culture and economic
openness, all have an impact on whether R&D cooperation takes place, and,
conditional on this, how much is expended for contractual R&D. It is also
expected that firms’ internal R&D spending is likely to be determined

endogenously by other factors.

3.3 Data and variable measurement

For this analysis, the combined Business Environment and Enterprise
Performance Survey (BEEPS) V and The Middle East and North Africa
Enterprise Surveys (MENA ES) dataset prepared by the European Bank for
Reconstruction and Development (EBRD) is mainly used. This pooled cross-
sectional dataset contains information on the firms’ innovation activities
during the period 2012-2016. We exclude the firm with missing observation
for the variable of interest and select 2305 observations on firms from 40
countries [in Appendix Table B1] of Eastern Europe, Central Asia, the Middle
East, and North Africa. The BEEPS and MENA ES surveys were conducted
using stratified random sampling to ensure the proper representation of the
relevant population of firms. The sectoral composition of samples has been
determined by the relative contribution of the sectors to each country's GDP.
These surveys used the same sampling technigue and an identical

questionnaire for the firms of all countries.
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The important feature of this dataset is that along with the basic information
on firms’ characteristics such as age, size, structure, financial status and
competitiveness; it contains information about the different types of
innovation activities of the firms. These types of survey datasets have been
widely used for econometric analysis in recent years (Mairesse and Mohnen
2010). Past studies such as Gorodnichenko and Schnitzer (2013), Hanedar
et al. (2014) and Popov (2014), Crowley and McCann (2018) and Mateut
(2018) have used the Business Environment and Enterprise Performance
Survey (BEEPS) survey data for their analysis. The advantage of using these
survey data is that they provide qualitative and quantitative information on
firm-level innovations and information on the successful introduction of

various types of innovation.

Dependent variable

Table 3.2 sets out the list of variables that are used in this analysis, along
with the sources of data obtained for measuring those variables. The
dependent variable of this study is the firms’ expenditure on contractual R&D.
Information in the combined BEEPS V and MENA ES dataset on the value of
firms’ expenditure on contractual R&D is used for measuring the dependent
variable. This study uses the logarithm of the value of firms’ expenditure on
contractual R&D in the last fiscal year (the year before the survey year). This
variable can allow this study to identify the participation and intensity of the
expenditure at a given time. However, lognormal data can introduce two
complications: (1) calculating the lognormal value and (2) setting a non-zero
threshold. For example, firms’ expenditure on contractual R&D contains

many zero values. Now all zero values will be missing if we straight want to
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calculate the logarithm. The second complication is that the smallest positive
value for expenditure is 1; in that case, the strait logarithm value will be 0. To
avoid these possible complications, following Cameron and Trivedi (2010),
this study sets all missing observations of firms’ expenditure on contractual

R&D (LnExp) to 0.

Measuring contracting institutions

To construct the main two independent variables — contracting institutions
and intellectual property institutions — this study uses data from four different
sources. Following Acemoglu and Johnson (2005), to proxy for the
efficiencies of contracting institutions, this study uses two country-level
measures. The first measure of contracting institutions is the enforcing
contracts scores, which comes from the World Bank Doing Business Report.
Measuring or even conceptualising the cross-country differences in the
contracting institutions was far from settled before publishing the report of the
World Bank Doing Business project. This flagship project of the World Bank
efforts to measure the efficiency of constructing institutions in the countries
across the world by constructing the enforcing contracts scores (Besley
2015). The enforcing contracts scores measure the efficiency and quality of
commercial dispute resolution. This index covers three areas of enforcing
contracts: 1) time (days to resolve the business dispute through courts), 2)
costs (attorney, court, and enforcement as % of claim value), and 3) quality
of the judicial process. The second measurement of the contracting
institutions is the index of procedural formalism developed by Djankov et al.

(2003), which is used to measure the performance of contract enforcing
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through the legal system. This measure is widely used for measuring the
efficiency of the legal system of a country in enforcing contracts. Various
previous studies (such as Acemoglu et al. 2005; Nunn 2007; Ponticelli and
Alencar 2016; Coviello et al. 2018; Blouin and Macchiavello 2019;
Schiantarelli et al. 2020) use this measure as a proxy for the contract
enforcement institutions. This index is constructed based on the efficiency of
the different aspects of the legal system: namely, professionals vs laymen,
judges and lawyers, written vs oral argument, legal justification of the claims
and judgements, statutory regulation of evidence, engagement formalities,
review of the judges' first decisions by the superior, and the normalised
number of independent procedural actions (see Djankov et al. 2003). Since
the enforcing contracts scores of the World Banking Doing Business project
specifically measure the cross-country differences of the contracting
institutions in efficiently enforcing contract, this study takes them as a
benchmark measure of contracting institutions and considers the procedural

formalism index as the robustness check.

Intellectual property institutions

To measure the efficiencies of intellectual property institutions (IP), two
country-level proxies are used. First, to measure the intellectual property
institutions, this study uses an intellectual property rights (IPR) index to
measure the effectiveness of both the de jure book laws and the de facto
enforcement of the intellectual property laws and administrative procedures.
This is a composite IPR index, formed by the Property Rights Alliance as the

arithmetic mean of the Patent Rights index of Ginarte and Park's (1997
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2008) and a piracy index of the Business Software Alliance (BSA). The
original Ginarte and Park's (1997; 2008) index of Patent Rights comprises of
five categories of patent protection: (i) extent of patent coverage, (ii) affiliation
to international patent agreements, (iii) provision for losses of protection, (iv)
enforcement process, and (v) length of patent protection. This composite IPR
index of the Property Rights Alliance includes the level of piracy with the
above five categories of patent protection drawing data from the Global
Software Survey of the Business Software Alliance (BSA). This piracy index
accounts for the rate of unauthorised software installation on the computers
in a country. The score of this index, thus, reflects the tendency of the people
of a country towards infringing of intellectual properties as well as the judicial
efficiency of the country in prosecuting against the intellectual property
piracy. The level of piracy in the IP sector is an important indicator of the
effectiveness of IPR protection (Marron and Steel 2000; Depken and
Simmons 2004). Thus, this composite IPR index assesses the protection
level of IPR of the country from de jure and de facto perspectives. This study
uses this composite IPR index as a benchmark measure of intellectual
property rights since it is based on the most widely used Ginarte and Park's
(1997; 2008) index of patent rights. Furthermore, it includes the de facto
enforcement strength of IPR institutions of a country (Kukharskyy 2020). To
complement the analysis, this study uses another intellectual property
protection index (IPs) from the World Economic Forum for the years 2012 to
2016. Previous studies, including Kanwar and Evenson (2009), Campi and
Nuvolari (2015) and Kukharskyy (2020), have used this index to measure the

intellectual property protection level in a country. This IPs index summarises
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the ratings of the IPR protection in a country by the experts and practitioners
of that country on seven-point scales from the weak enforcement to the

strong enforcement.

Measuring control variables

Most other variables included in Table 3.2 are constructed by using
information from the combined BEEPS V and MENA ES Surveys dataset.
The absorptive capacity of the firm is particularly crucial for an effective R&D
partnership. No direct information on firms’ absorptive capacity is available,
but the combined BEEPS V and MENA ES Surveys dataset contain some
vital information about the organisational, learning and networking activities
of the firms that can be used to measure the absorptive capacities of a firm.
Various factors such as firms’ capability to value, assimilate and apply new
knowledge, human capital and prior knowledge base have been considered
in the literature as the determinants of the absorptive capacities of the firms
(e.g., Cohen and Levinthal 1990; Mowery and Oxley 1995; Zahra and
George 2002; Lund Vinding 2006; Patterson and Ambrosini 2015). R&D
activities and expenditures are dominantly used by the studies (Arora and
Gambardella 1990; Cassiman and Veugelers 2002; Belderbos et al. 2004a;
Lin et al. 2012; Aldieri et al. 2018) as proxies for firms’ absorptive capacity
since they can capture the realisation and accumulation of absorptive
capacities of the firms. Cohen and Levinthal (1989) argue that R&D not only
can generate new information but also can enhance the firm's ability to
assimilate and exploit existing information. Therefore, following the existing

studies, we use permanent R&D activities as a proxy of the firms’ absorptive
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capacity. The combined BEEPS V and MENA ES Surveys dataset has a self-
explanatory variable that contains qualitative information on whether firms
spend on R&D within their establishment over the last three years. R&D
activities of the firms is a potentially endogenous variable since the likelihood
of firms engaging in continuous R&D is determined by other factors such as
human capital, the capability to assimilate and apply new knowledge, and
prior knowledge base (see Lopez 2008). Therefore, this study considered
permanent R&D activities of the firms as the potentially endogenous variable
and constructed assumed exogenous variables. Based on the literature, this
study can interpret these three factors — training activities for employees,
skills of the employee and patenting activities — as the most relevant
exogenous Vvariables (see Pakes and Griliches 1980; Del Canto and
Gonzalez 1999; Galende and de la Fuente 2003; Sun et al. 2020). It is
possible to regress the endogenous variable R&D on these three assumed
exogenous variables and build the predicted variable for use as an
instrument. The first instrumental variable, Train, is coded 1 if firms run
formal training programmes for the employees; otherwise, it is coded 0. The
second one is the percentage of employees who completed a university
degree. The third instrumental variable, patenting activities of the firms,
Patents, is set equal to 1 if firms granted at least a patent ever and otherwise
0. Except for permanent R&D, this study uses R&D intensities, and it is
measured by the firms' total R&D expenditures in the last fiscal year divided

by the total employees of the firms.

Other than permanent R&D, this study uses several variables related to firms’

characteristics, such as size, age, composition, competition level and
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financial capability, to analyse the determinants of contractual R&D and the
subsequent effectiveness of partnerships (following: Cassiman and
Veugelers 2002; Belderbos et al. 2004a; Hagedoorn et al. 2005; Lopez 2008;
De Faria et al. 2010; Chun and Mun 2012; Lin et al. 2012; Spithoven and
Teirlinck 2015; Jakobsen et al. 2019). The information from the combined
BEEPS V and MENA ES Surveys dataset is used to construct all these
variables. This analysis uses the number of workers of the firms to measure
the size of the firms. Age is the number of years from the beginning of the
operation of the firm to the year of surveys. These two variables — total

annual sales and the number of years — are measured in natural logarithm.

Variable ‘Compete’ is a binary variable and takes the value of 1 if the firm has
too many competitors for its main product/service in the markets. The
ownership status of the firms is measured by the self-explanatory qualitative
information taken from the combined BEEPS V and MENA ES Surveys
dataset. The export intensity of the firms is measured by the export share (%)
in the total annual sales of the firms. The logarithm of the total annual sales
of the firms is used as the financial resource base of the firms. Variable
financial constraint, FC, indicates the degree of the obstacle to access to

finance for the current operations of the firms.

Following Hagedoorn et al. (2005), Gorodnichenko et al. (2018) and
Kukharskyy (2020), for measuring variable cultural difference (CD), which is
included to capture the cultural dimensions, this study uses the Individualism
versus Collectivism (IDV) index from Hofstede et al. (2010). This index was

constructed based on Hofstede's cultural dimensions (Hofstede 1984), which
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measures cultural differences between countries. In an individualistic society,
people see themselves as the individual rather than the members of the
groups, whereas in a collective society, people prefer group thinking and
prioritising the advantages of groups works. So, this cultural difference might
affect the firms' R&D cooperation. Finally, the openness of the economy is
measured as the share of total trade (exports plus imports) to GDP (%) and
the overall development level of a country is reflected through the GDP per
capita of that country. The World Bank Development Indicators are used to

measures these two country-level variables.

Table 3.3 presents the summary statistics for 2305 sample firms consisting of
766 cooperative firms (33.23%) and 1539 firms without cooperative R&D
agreements (66.77%). According to the summary statistics, 1955 (84.8%)
firms of the sample are involved in in-house R&D activities, and 20.7% of
firms had been granted at least a patent ever. Although it is not reported in
Table 3.3, 66.2% of firms are engaged in innovative activities and introduced
at least one new product/service over the last three years prior to the year of

the survey.

Appendix Table B1 presents the sample distribution by the country, age, size
and industry characteristics of the firms. This table shows that sample firms
are on average representative in terms of size, age, industry, region and
country. The sample contains micro-, small-, medium- and large-sized firms
from each country. Moreover, data contains firms from the manufacturing

sector, the service sector, as well as core industries.
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The correlation matrix of the variables is in Table 3.4. This table shows that
the variable of interest is significantly correlated with the explanatory

variables.

Figure 3.1 presents the histogram for the dependent variable, which
demonstrates that the dependent variable of this study (i.e., firms’

expenditure on contractual R&D) is dominated by zeros.

Density

Shamy T T T
0 5 10 15 20

Firms' expenditures on contractual R&D

Figure 3.1: Histogram of the dependent variable
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Table 3.2: Description of variables

Full variable

Variable Description Source
name
Dependent
LnExp Expenditure on Logarithm of firms' expenditures on contractual R&D in the last fiscal year  Combined BEEPS V and
contractual MENA ES Surveys
R&D dataset [2012-2016]
prepared by EBRD
Independent

Alternative measures of contracting institutions

CEs Contract
enforcement

efficiency

FIn Legal
procedural

Formalism

Mean of the scores for the following three indicators of effective resolving
of the commercial dispute by the local first-instance court [score ranges
from O (the worst performance) to 100 (the best regulatory performance)]:
(1) procedures, (2) time and (3) cost.

Index of formalities in the legal procedures for the case of a collection of a
bounced check: ranges from 1 (no formality) to 7 (very high formalities).
This is the sum of (1) professionals vs laymen, (2) written vs oral elements,
(3) legal justification, (4) statutory regulation of evidence, (5) control of the
superior review, (6) engagement formalities indices, and (7) independent
procedural actions for the case of a collection of a bounced cheque.

Alternative measures of intellectual property institutions

IPRs Intellectual
property rights

protection level

Mean of the following categories capturing the strength of de jure book
laws and de facto implementation of IPR in a country [ranges from 1 to 10,
with a higher score indicating the stronger level of protection]: (1) the
extent of coverage, (2) membership in international patents agreements,
(3) provisions for loss of protection, (4) enforcement mechanism, (5)
duration of protection and (6) the level of piracy in the IP sector.

The World Bank Doing
Business report
(https://www.doingbusines
s.org/)

Djankov et al. (2003)

International Property
Rights Index report of the
Property Rights Alliance
(PRA)
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Table 3.2 Continued

Full variable

Variable name Description Source
IPs Intellectual From 1 to 7, with a higher score indicating better protection for intellectual Global Information
property property [1 = not at all; 7 = to a great extent]. Technology Report of the
protection level World Economic Forum
(WEF)
Control

Absorptive capacities

RD Permanent
R&D

RD ints R&D
intensities

Edu Employees'
education level

Train Training for
employees

Patents  Granted patent

Firms’ characteristics

Size Size of the firm

LnAge Age of the firm

Compete Competition in
markets

Coded 0 and 1: RD = 1 if firms spend on R&D within establishment
regularly (over the last three years).

Total R&D expenditures within the establishment (in the last year) divided
by the total employees of the firms.

Percentage (%) of employees who completed a university degree

Coded 0 and 1: Train = 1 if firms organise formal training programmes for
employees regularly

Patents take the value 1 if firms ever been granted a patent

Logarithm of the number of employees

Logarithm of the number of years from the beginning of operation of firms
to the year of survey

Compete=1 if the firm has too many competitors for the main
product/service in the markets

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys

Combined BEEPS V and
MENA ES Surveys
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Table 3.2 Continued

Full variable

Variable name Description Source
Domestic Domestic firm 1 if the firm is owned by a domestic group, else O Combined BEEPS V and
MENA ES Surveys
Foreign  Foreign-owned 1 if the firm is owned by private foreign individuals (100%), else O Combined BEEPS V and
firms MENA ES Surveys
Export Export Export share (%) in total annual sales of the firms Combined BEEPS V and
intensity MENA ES Surveys
LnTS Total annual Logarithm of total annual sales of the firms Combined BEEPS V and
sales MENA ES Surveys
FC Financing A five-category scale of obstacles of access to finance assessed by the Combined BEEPS V and
constraint firms: 0 = No Obstacle, 1 = Minor Obstacle, 2 = Moderate obstacle, 3 = MENA ES Surveys

Country characteristics

Open Openness of
economy
CD Cultural
dimensions
GDP GDP

Major obstacle, and 4 = Very Severe Obstacle

Trade (sum of exports and imports of goods and services) as the
percentage (%) of GDP of the countries

Scale of 0 to 100, with a higher score indicating high individualism [0 =
very high collectivism; 100 = very high individualism]

GDP per capita (constant 2010 US$) of the country

The World Bank World
Development Indicators
(https://data.worldbank.org/i
ndicator/)

Hofstede et al. (2010) and
data obtained from Geert
Hofstede website
(https://www.hofstede-
insights.com/product/compa
re-countries/)

The World Bank World
Development Indicators
(https://data.worldbank.org/i
ndicator/)

Note: (1) Here, variable CEs is from ‘-’ to '+’ (i.e., the higher value indicates the better performance), while Fin is from ‘+’ to *-’ (i.e., the higher
value indicates the worse performance). (2) Ln denotes the natural logarithm of the variables.
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Table 3.3: Descriptive statistics

Variable Obs Mean Std.Dev. Min Max
LnExp 2305 3.977 5.957 0 20.723
CEs 2305 62.819 10.284 44 82.3
FIn 2305 3.62 0.625 1.898 4.85
IPRs 2305 4.649 1.208 1.5 7.35
IPs 2305 3.158 0.714 1.814 4.81
RD 2305 0.848 0.359 0 1
RD _ints 2305 7.379 4.118 0 18.421
Edu 2305 32.559 29.785 0 100
Train 2305 0.585 0.493 0 1
Patents 2305 0.207 0.405 0 1
Size 2305 3.724 1.472 0.693 9.105
LnAge 2305 2.914 0.596 0.693 5.257
Compete 2305 0.197 0.398 0 1
Domestic 2305 0.777 0.416 0 1
Foreign 2305 0.053 0.225 0 1
Export 2305 15.967 29.557 0 100
LnTS 2305 20.286 4.225 1.25 33.961
FC 2305 2.303 1.518 0 4
Open 2305 84.556 47.432 36.92 376.224
CD 2305 38.657 12.188 15 80
GDP 2305 9916.901  7339.113 867.937  32977.96
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Table 3.4: Pairwise correlations

Variables @ @ 3 4 ®) 6) ™ ®) 9 (10) (11) (12) (13) (14) (15) (16) @an (18) (19) (20) (21)
(1) LnExp 1.000
Es .133* 1.
2)C 0.133 000
Fin -0.145*  -0.149* 1.
3) 0 0.149 000
4) IPRs -0.152*  -0.084* . 1.
0.152 0.08 0.020 000
5) IPs -0.125*  -0.138* .048* .697* 1.
0.12! 0.138 0.048 0.69 000
(6) RD -0.105*  0.214*  -0.068* 0.078*  0.018 1.000
7) RD_ints .04 .129*  -0.103* -0.051* -0.151* .758* 1.
i 0.040 0.129 0.103 0.0 0 0.758 000
(8) Ed 0.077* 0.205* 0.075*  -0.106* 0.214*  0.072*  0.198* 1.000
(9) Train 0.111* 0.127*  -0.031 -0.098*  -0.108* 0.125*  0.058* 0.037 1.000
(10) Patents 0.068* 0.155*  -0.135* 0.031 -0.017 0.106*  0.108* 0.051*  0.106* 1.000
(11) Size 0.088* -0.039 -0.070*  0.020 0.024 0.030 -0.154*  -0.151* 0.247* 0.168* 1.000
nAge . -0. . . . -0. -0. -0. . . . .
(12) LnA 0.034 0.109*  0.038 0.064*  0.104* 0.016 0.067*  -0.161*  0.043* 0.079* 0.329* 1.000
(13) Compete 0.018 -0.014 -0.041*  -0.002 -0.070*  -0.085* -0.094*  0.006 -0.052*  -0.070* -0.052* 0.024 1.000
(14) Domestic -0.034 0.055*  0.035 -0.018 0.032 0.049*  0.084* 0.019 -0.038 -0.022 -0.175*  -0.090* -0.041* 1.000
(15) Foreign 0.061* -0.010 0.036 0.074*  0.108* -0.002 -0.030 0.023 0.055* 0.017 0.132*  -0.023 -0.035 0.062* 1.000
(16) Export -0.040 -0.156*  0.068* 0.190*  0.255* 0.010 -0.070*  -0.103* -0.017 0.054* 0.246*  0.079* -0.151*  -0.078*  0.205* 1.000
(17) LnTS -0.149*  0.165*  0.100* -0.183*  -0.281* 0.052*  0.271* 0.101*  0.090* 0.040 0.284*  0.069* -0.070*  -0.039 0.033 0.015 1.000
(18) FC -0.119*  -0.047* 0.153* 0.128*  0.035 0.077*  0.071* 0.025 -0.075*  -0.045* -0.050* -0.028 0.007 0.011 -0.017 0.037 0.288* 1.000
(19) Open -0.024 -0.056*  0.147* 0.023 0.274* 0.060*  0.045* -0.153*  0.018 -0.067*  -0.082*  0.043* -0.118*  0.071* 0.072* 0.080*  -0.022 -0.072* 1.000
(20) CD 0.029 0.277*  0.084* 0.339*  0.319* 0.145*  0.129* 0.053*  0.022 0.081* -0.063*  -0.025 -0.071*  0.072* 0.095* 0.076*  -0.064*  -0.042*  0.229* 1.000
(21) GDP -0.006 0.045*  -0.204* 0.658*  0.571* 0.169*  0.179* 0.016 -0.033 0.112* -0.050*  0.050* -0.135*  0.056* 0.072* 0.142*  -0.069*  0.022 0.018 0.255* 1.000

Note: (1) Ln denotes the natural logarithm of the variables. (2) * shows significance at the .05 level.
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3.4 Econometric technique for estimation

3.4.1 Double-hurdle model

To deal with the issue of dominance of zeros in the dependent variable,
this study employs the Cragg (1971) type double-hurdle approach to
analyse the data. The double-hurdle model is an effective approach to
determine firms’ participation decision and expenditures decision
separately in a single framework (Cameron and Trivedi 2010). In the
Cragg double-hurdle model, the maximum likelihood estimation is realised
by separately maximising the two terms in the likelihood, the first term
corresponding to the zero or positive spending (participation decision) and
the second term corresponding to the amount of spending (expenditure

decision).

The ordinary least square (OLS) regression would have been a possible
choice for estimation. However, given the existence of excessive zero
expenditures, i.e., zero inflation in the dependent variable, using OLS
regression would result in biased estimates of the parameters (Wooldridge
2010). OLS regression leads to biased estimates because it fits the scatter
of points and cannot take into account the fact that the data are restricted

at one end (Amemiya 1984; Winkelmann and Boes 2006).

To deal with the issue of dominance of zeros in the data, limited
dependent variable or censored data models need to be considered. One
such approach frequently used is the standard Tobit model developed by

James Tobin (1958). This model is the first attempt to handle the data with
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the limited dependent variable, and, in this model, censoring is assumed
to be a standard corner solution. However, the Tobit model also has some
limitations when used to analyse the firms’ expenditures on contractual
R&D of this study. The main limitation of applying the Tobit model is that it
accepts that the same set of explanatory variables affects the likelihood of
non-zero observations (participation decision), and the intensity of positive
observations (magnitude of expenditure) and signs of the estimated
parameters are also the same. Thus, in the context of R&D partnerships,
any variable that increases the likelihood of firms’ participation in
partnerships can also increase the conditional mean of the positive
contractual R&D expenditures. For these drawbacks of the Tobit model, it
is, therefore, reasonable to explore an alternative econometric approach
for this study which permits that the participation decision (y = 0 or y>0)
and amount of expenditure decisions (the intensity of y when y>0) can be
affected differently by the different explanatory variables (Wooldridge
2010). Based on these considerations, the Cragg double-hurdle model is
found to be an appropriate approach to analyse the firms’ expenditure on

contractual R&D of this study.

The Heckman (1979) selection model could be a better option for
analysing data of this study if the zero R&D expenditures of the firms
result only from non-participation. The Heckman sample selection
approach assumes that the expenditure decision is dominated by the
participation decision. In other words, the Heckman sample selection

model is a first hurdle dominance model, which implies that the zero
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expenditure is the reflection of non-participation decision. For instance, the
Heckman selection approach assumes that a firm’s expenditure on
collaborative R&D is zero only because the firm does not engage in

collaborative R&D. Let y; denote the outcome of interest here, which is

expenditure on collaborative R&D. In the Tobit model, the outcome is

observed if y; = 0. The selection model introduces a second latent
variable y; , and in this selection model, the outcome of interest y; is
observed if y; = 0. In our case, y; determines whether a firm has any
collaborative R&D expenditure and y; determines the level of collaborative

R&D expenditure; here, y; # y;.
The Heckman model comprises a selection equation for y,, where

(1 ifyi>0
-’-‘1_{0 if yi <0 @

and a resultant outcome of interest equation vy,, where

i ARt

w2

Here v, is observed only when y; = 0 and y, do not take any meaningful
value when y; < 0. However, in the case of this study, firms’ expenditure
on contractual R&D has zero observations both for non-participation and
no-expenditure. The Cragg double-hurdle model is the best approach for
this analysis since the Heckman selection approach does not account for
the firms with a zero expenditure even if they participate in the R&D

collaboration, whereas the Cragg double-hurdle model includes such
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firms. The double-hurdle model is widely used for this type of analysis
(such as Jones 1989; Fritsch and Lukas 2001; Taymaz and Ucdogruk

2009; Bettin et al. 2018; Adusah-Poku and Takeuchi 2019).

In effect, the Cragg double-hurdle model is considered as a flexible
version of both the standard Tobit and Heckman (1979) selection models
(Cameron and Trivedi 2010). In the standard Tobit model, it is assumed
that the participation decision and expenditure decision are determined
jointly, while the Cragg double-hurdle model relaxes this assumption, and
in the Cragg model, both decisions are determined separately. The
Heckman selection approach assumes that zero observation arises due to
non-participation only, while the Cragg double-hurdle approach relaxes
such assumption and considers that the zero observation can occur from
both the non-participation and non-expenditure. The Cragg double-hurdle
approach thus features both the selection approach of Heckman (the
standard Tobit model does not include that) and the censoring technique
of the standard Tobit model (that is not included in the Heckman
approach) (Cameron and Trivedi 2010). The Cragg double-hurdle model,
therefore, is the best approach for this analysis because firms’ expenditure
on contractual R&D (dependent variable of this study) has zero
observations both for non-participation (participation hurdle) and no-

expenditure (expenditure hurdle).

This model, developed by Cragg (1971), assumes that participation
decisions and the magnitude of expenditure decision are determined by

the different sets of independent variables. The Cragg type double-hurdle
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approach relaxes such assumption that the zero and the positive
observations arise from the same data-producing process. The zero

observations are determined by the density function f(.), so that
B(y=0)=f(0) and B.(y=0)=1—f,(0). The positive observations
come from the truncated density function £, (v|y = 0) = f,(v)/{1 — £5(0}}, ,
which is multiplied by B.(y = 0) to confirm that the sum of probabilities is

equal to 1.

The suppressing regressors for the Cragg double-hurdle type model can

be expressed as,

£(0) Fy=0
O = O E ?

This specialises in the standard model only when £,(.) = 5 (.). Although

the motivation of this model is to handle the excessive zeros, it also can

model too few zeros.

In this model, two individual hurdles must be passed before observing
positive levels of expenditure. The first hurdle relates to factors that affect
the participation decision, and the second relates to the factors affecting
the magnitude of expenditures. In this approach, the separate latent
variable is used for modelling each decision process — a probit to
determine the participation decision process and a Tobit to determine the
magnitude of expenditure. This first part of the model employs the full
sample of the data, but the second part of the model employs only the

positive counts.
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Under the Cragg double-hurdle model, the conditional mean is as follows:

E(ylx) = Fr(}’i = ':'|1’1j X Ey, = 0(¥a|y, = 0,x,) . (4)

Here the two terms on the right of the equation are determined by two
corresponding parts of the model. The marginal effects also can be

estimated from the Cragg double-hurdle model.

An issue that needs to be addressed in the Cragg double-hurdle model is
the identification of the variables, i.e., which explanatory variables will
appear in the participation equation (those are the hurdle variables) and
which variables will appear in the expenditure equation. The strategy of
this study is to include the variable associated with the firms’ decision to
engage in permanent R&D activities will only appear in the selection part
that determines whether partnerships take place or not. This variable is a
hurdle associated with breaking down the barrier to engage in the
contractual R&D, rather than affecting the magnitude of expenditure
(conditional on engaging in R&D partnerships). The intensity of firms’ R&D
expenditures (total R&D expenditures divided by employees) will appear in
the expenditure part as it can affect the intensity of contractual R&D
expenditure. The rest of the explanatory variables will appear in both parts
since they can affect both the firm’s decision to engage in contractual R&D

and the level of expenditure on contractual R&D.

In Stata, the Cragg double-hurdle model estimation can easily be
implemented by using the user-written command ‘churdle linear’. Finally,

to investigate the effects of contract enforcement and IPR protection on
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firms’ contractual R&D partnerships in 40 developing and transition
countries of Eastern Europe, Central Asia, the Middle East, and North
Africa, this study estimates Cragg double-hurdle regressions by using the

‘churdle linear command in Stata.

3.4.2 Dealing with endogeneity and selection of exogenous variables

Another econometric issue that needs to be addressed in this analysis is
to take into account the endogeneity of contractual R&D and permanent
R&D activities suggested by the literature reviewed in the previous
section. To address the potential endogeneity, this study adopts a similar
approach to Harris and Li (2009) and Ganotakis and Love (2011). Their
approach involves the using of predicted values as the instrumental
variables in conjunction with the Heckman selection approach. This study
allows permanent R&D of the firms to be endogenous and replace it with
the predicted values to produce unbiased estimates. This study selects
these three most relevant potential exogenous variables: whether firms
organise formal training programmes for employees regularly; percentage
(%) of employees who completed a university degree; and whether firms
have been granted any patent ever. Then this study regresses the
endogenous variable — permanent R&D - on these three potential
exogenous variables and constructs the predicted variable to use as an

instrument.

In order to increase the efficiency of the selection of the potential

exogenous variable, variables that are assumed to be exogenous to both
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permanent R&D activities and contractual R&D are included in the
bivariate probit estimation to see which variables are the most relevant
exogenous variables. The bivariate probit regression, in Appendix Table
B2, clearly shows that these three variables that were used as the
potential exogenous variable affect both the permanent R&D and
contractual R&D statistically significantly and theoretically meaningfully.
Moreover, we also need to prove that the instrument is unrelated to the
contractual R&D or that it is unlikely to be affected by the omitted variables

that influence both permanent R&D and contractual R&D.

To address these issues, this study carries out an‘ over-identification’ test
for checking the joint exogeneity of the instrument following the method
proposed by Sargan (1958). Moreover, following the procedure of Stock
and Yogo (2005), the ‘weak identification’ test also is carried out to confirm
whether the excluded instrumental variables are connected with the
endogenous variables since the estimators can perform weakly if
instruments are weak. Results of both these tests, shown in the results

and discussion section, justify the appropriateness of the instrument.

3.5 Results and discussion with policy recommendations

The Cragg double-hurdle maximum likelihood estimates of firms’
expenditures on contractual R&D are presented in Table 3.5. Goodness-
of-fit measures for the models are reported at the bottom of this table.
Average marginal effects of the explanatory variables on dependent

variables and their associated standard errors are obtained from the
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Cragg double-hurdle model and presented in Table 3.6. The average
marginal effects of contract enforcement and IPR protection for different

sectors are also evaluated and shown in Table 3.7.

The results on the effect of contracting institutions on firms' contractual
R&D partnership are reported and discussed in the following sub-section
3.5.1. Sub-section 3.5.2 discusses the estimated results of the effects of
intellectual property institutions, and sub-section 3.5.3 discusses the
results on the effect of the other determinants on R&D partnerships.

Finally, subsection 3.5.4 analyses the robustness of the results.

3.5.1 Contracting institutions and R&D partnership

Results, in Table 3.5, show that efficient contract enforcement increases
both the likelihood of firms engaging in contractual R&D partnership and
the intensity of firms’ expenditure on contractual R&D once the decision to

participate in the collaborative R&D is made.

In column 1 of Table 3.5, the coefficient of CEs (enforcement of contract)
on participation decision is 0.024 and statistically highly significant (p <
0.01). This positively signed coefficient of CEs means that efficient
contract enforcement increases the probability of observing a positive level
of expenditure. This result implies that efficient contract enforcement by
the court increases the likelihood of firms engaging in contractual R&D

partnership.
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In column 2 of the same table, the coefficient of CEs on expenditure has a
positive sign and is statistically highly significant (p < 0.01), which implies
that conditional on a positive count, efficient contract enforcement

increases the value of firms’ expenditure on contractual R&D.

This study also estimates the marginal effects of the explanatory variables
on dependent variables since it is easy to interpret (presented in Table
3.6). Column 1 of Table 3.6 shows that the average marginal effect of
contract enforcement on firms’ collaborative R&D expenditure is 0.050 at
the 1% significance level. This result indicates that contract enforcement
by the court has a significant positive impact on the magnitude of firms’
collaborative R&D expenditure once the firms decided to participate in the

collaborative R&D.

Similarly, the results of the double-hurdle estimate of the alternative model
(model 2) also exhibit that the quality of the judicial system is significant in
influencing both the probability of firms’ participation and magnitude of
expenditure on R&D partnerships. For example, in column 3 of Table 3.5,
the coefficient of FIn (legal procedural formalism) has a significant
negative impact on the participation decision, which implies that high
procedural formalism in the legal system (i.e., less efficient judicial system)
decreases the probability of firms engaging in contractual R&D

partnership.
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Table 3.5: Cragg double-hurdle maximum likelihood estimates - Firms’
expenditures on contractual R&D

Model 1 Model 2
Variable Participation Expenditure Participation Expenditure
1) 2) 3) (4)
Efficiency of contracting institutions
CEs Contract enforcement 0.024™ 0.038™
efficiency (0.005) (0.009)
Fin Legal procedural -0.565™ -1.601™
formalism (0.089) (0.161)
Efficiency of IP institutions
IPRs IPR protection level -0.678™ -0.872™
(0.055) (0.103)
IPs IP protection level -0.609™ -0.956™
(0.091) (0.190)
Absorptive capacities
RD Permanent R&D 0.433™ 0.569™
(0.167) (0.159)
RD _ints R&D intensities 0.176™ 0.167™
(0.026) (0.024)
Firms’ characteristics
Size Size of the firm 0.315™ 0.078" 0.261™ 0.008
(0.042) (0.069) (0.041) (0.065)
LnAge Age of the firm 0.026 0.044 0.056 0.064
(0.077) (0.164) (0.077) (0.157)
Compete  Competition in 0.092 0.777™ 0.092 0.410™
markets (0.113) (0.194) (0.107) (0.180)
Domestic  Domestic firm -0.181" -0.327 -0.050" -0.173
(0.107) (0.202) (0.101) (0.194)
Foreign Foreign-owned firm 0.765™ 0.718™ 0.722™ 0.733™
(0.208) (0.285) (0.208) (0.270)
Export Export intensity 0.002 0.007" 0.002 0.006™
(0.002) (0.003) (0.002) (0.003)
LnTS Total annual sales -0.320™ 0.379™ -0.294™ 0.369™
(0.026) (0.0412) (0.025) (0.037)
FC Financing constraint -0.756™ 0.098 -0.745™ 0.099
(0.031) (0.071) (0.030) (0.068)
Country characteristics
Open Openness of -0.002" -0.007" 0.001 -0.005"
economy (0.001) (0.003) (0.001) (0.003)
CD Cultural dimensions -0.0004 -0.016" -0.009" -0.007
(0.004) (0.008) (0.004) (0.007)
GDP Gross domestic 0.0009™ 0.0006™ 0.0001" 0.0003"
product (0.000) (0.000) (0.000) (0.000)
Constant 6.768™ 5.195™ 8.406™ 12.190™
(0.582) (1.135) (0.739) (1.163)
Pseudo R? 0.349 0.347
Wald chi? statistics 912.55 1093.44
Log pseudolikelihood -2258.417 -2265.379
Results of endogeneity tests of R&D
Wu-Hausman F (1,2302) 61.2812 (p = 0.0000)
Weak identification test (Cragg-Donald F statistic) 22.239 (> critical values)
Overidentification test (Sargan statistic) 0.974 (p = 0.6144)
N 2305 2305
N (LnExp > 0) 766 766

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, ** at p < 0.05,
and *** at p < 0.01
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Table 3.6: Estimated marginal effects (average) — Firms’ expenditures on
contractual R&D

Model 1 Model 2
Variable Marginal effects Marginal effects
(1) (2)
CEs Contract enforcement 0.050™
efficiency (0.009)
Fin Legal procedural -1.5177
formalism (0.158)
IPRs IPR protection level -1.373™
(0.083)
IPs IP protection level -1.381™
(0.168)
RD Permanent R&D 0.692™ 0.993™
(0.268) (0.180)
RD_ints  R&D intensities 0.059™ 0.055™
(0.009) (0.008)
Size Size of the firm 0.529™ 0.453™
(0.062) (0.069)
LnAge Age of the firm 0.057 0.118
(0.135) (0.146)
Compete Competition in markets 0.406™ 0.024
(0.192) (0.196)
Domestic Domestic firm -0.397" -0.145
(0.182) (0.188)
Foreign  Foreign-owned firm 1.461™ 1.504™
(0.340) (0.367)
Export Export intensity -0.0003 -0.001
(0.003) (0.003)
LnTS Total annual sales -0.386™ -0.391™
(0.028) (0.033)
FC Financing constraint -1.175™ -1.2677
(0.047) (0.058)
Open Openness of economy -0.006™ 0.003
(0.002) (0.002)
CD Cultural dimensions -0.005 -0.014"
(0.008) (0.007)
GDP Gross domestic product 0.0001™ 0.0002"
(0.000) (0.000)
N = 2305 N = 2305

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, ** at
p <0.05, and *** at p < 0.01
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Likewise, in column 4 of the same table, the coefficient of FIn has
significant negative signs for the level of expenditure. Besides, the
marginal effect of legal procedural formalism on the magnitude of
contractual R&D expenditure is -1.517 at the 0.01 significance level (in
column 2 of Table 3.6). These results imply that a unit in the procedural
formalism index causes 15.17 per cent decreases in the contractual R&D
expenditure once the firm’s decision to participate in the R&D partnerships
is made. In other words, these results of the alternative model can be
interpreted to be that an efficient legal system (i.e., less procedural
formalism in the legal system) has a significant positive influence both on
the probability of firms engaging in R&D collaboration and the magnitude

of expenditure on contractual R&D once firms entered in the partnerships.

In line with the theoretical prediction (see for example, Acemoglu et al.
2007; Hagedoorn and Hesen 2007; Dixit 2009; Martimort et al. 2017),
overall results of the Cragg double-hurdle estimates on the effect of
contracting institutions on collaborative R&D demonstrate that efficient
contract enforcement by the court has a significant positive impact on both
the likelihood of firms’ participation in R&D partnerships and on the level of

collaborative R&D expenditures.

This outcome of the study is consistent with the finding of a number of
past studies (such as, Nunn 2007; Chemin 2012; Seitz and Watzinger
2017; He et al. 2019; Boehm and Oberfield 2020) that demonstrated that
efficient contract enforcement through the formal court is necessary for

collaboration and relation-specific investments. However, very few
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previous studies have investigated the role of contracting institutions on
R&D collaboration, specifically using data from developing and transition
countries. Therefore, policymakers, particularly in developing and
transition countries, can employ the findings of this study as a more useful
policy tool. If policymakers aim to promote technological innovation
through R&D collaborations, they can achieve it by improving the quality of

the court system in enforcing contracts.

3.5.2 Intellectual property institutions and R&D partnership

This study predicted that the strength of IPR protection could have a
positive impact on the probability of contractual R&D. However, contrary to
the prediction, results in Table 3.5 show that both the participation
decision and intensity of expenditure on contractual R&D are adversely
affected by the strength of IPR protection. In column 1 of Table 3.5, the
coefficient of IPRs (intellectual property rights protection level) on
participation is - 0.678 with a 0.01 significance level. This result indicates
that strengthening of intellectual property protection level reduces the
probability of firms taking part in collaborative R&D. Similarly, the
coefficient of IPRs on expenditure (in column 2 of the same table) is
statistically highly significant with a negative sign. Column 1 of Table 3.6
shows that the marginal effect of IPRs on expenditure is -1.373 and
statistically highly significant (p < 0.01). These results imply that strong
IPR protection decreases the magnitude of expenditure on contractual
R&D. The signs and statistical significance levels for the coefficients of

complementary measure of intellectual property protection (i.e., IPSs)
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remain the same as the benchmark measure of intellectual property rights
(i.,e., IPRs). That is, the coefficients of IPs both on participation and
expenditure (in columns 3 and 4 of Table 3.5, respectively) have a
negative sign with a 0.01 significance level. Not only that, but the marginal
effect of IPs also demonstrates a negative sign (-1.381), which indicates
that a one-unit-increase in IP protection level causes about 138%

reduction in firms’ expenditure on contractual R&D.

Overall, the results of the Cragg double-hurdle estimates on the effect of
IPR protection on collaborative R&D demonstrate that strengthening of
IPR protection has a significant negative influence on both the probability
of firms’ participation in R&D partnerships and on the level of collaborative
R&D expenditures once firms decided to engage in collaborative R&D.
The finding of this study regarding IPR is surprising but not unconventional
in developing and transition country context. Theory on innovation, as
discussed in the literature review section, argues that full IPR protection
may not always be required for more and better innovation performance,
specifically for the technologically less developed countries (see for
example, Dosi et al. 2007; Acemoglu and Akcigit 2012; Gangopadhyay
and Mondal 2012). According to this theoretical view, tight IPR protection
can prevent the free flow of knowledge from innovation activities and

eventually discourages innovation.

Moreover, the finding of this study is consistent with the results of Lopez
(2008). Using data from the Spanish manufacturing firms, he finds that a

high level of legal protection has a negative impact on firms' R&D
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cooperation. A possible explanation of this adverse effect of tight IPR on
R&D collaboration is that collaborative R&D activity is a way of
internalising outgoing knowledge flows for the firms (see Greenlee and
Cassiman 1999), and a high level of IPR protection may prevent the
internalising of the information flow between the firms through R&D
cooperation (Miozzo et al. 2016). Thus, strong IPR protection may have a
negative impact on this kind of collaborative innovation practice. Another
potential explanation is that with a less secure IPR protection, many
industries and firms in developing countries may engage in collaborative
R&D for cumulative innovation, but when IPR protection level is strong

enough firms prefer to engage with in-house R&D for radical innovation.

Indeed, the IPR-related finding of this study has a policy implication for
developing and transition countries. A full IPR protection or ‘one size fits
all’ IPR protection approach is not optimal in those countries; instead, IPR
policies require to be customised, providing exemption to industries and
firms with limited resources. Exemption for a certain period can encourage
industries as well as firms to engage in collaborative R&D for cumulative
innovation, which eventually can lead such industries and firms to the path

of radical innovation through a step-by-step process.

3.5.3 Results on the other determinants of R&D partnership

Other determinants of R&D partnership, except firms' age, have significant
and meaningful results. Permanent R&D activities (RD) of the firms

demonstrate a significant positive association with the firms’ decision to
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enter into contractual R&D. Column 1 of Table 3.5 shows that the
coefficient of RD on participation is 0.433 at a 0.01 significance level. The
result of the alternative model estimation also demonstrates a significant
positive coefficient for permanent R&D (in column 3 of Table 3.5). This
result indicates that firms with permanent R&D activities have a greater
possibility to engage in R&D partnerships than firms without permanent

R&D activities.

Cragg double-hurdle estimates also show that in-house R&D intensity of
the firms has a positive impact on the magnitude of expenditure on
contractual R&D. For example, coefficients of RD_ints (R&D intensity) on
expenditure are positive in both model estimation and statistically highly
significant (p < 0.01) [see columns 2 and 4 of Table 3.5]. This result
indicates that conditional on a positive count, the intensity of internal R&D
expenditure of the firms increases the expenditure of firms on contractual
R&D. In column 1 of Table 3.6, the marginal effect of RD_ints is 0.059; it
means that if internal R&D expenditure of the firms is increased by one,

we expect contractual R&D expenditure to increase by 5.9%.

Other variables that reflect firms' absorptive capacity are also positively
related to both the probability of making R&D partnerships and the level of
expenditure. Such as, results show that size difference is a curtail factor
for innovation collaboration. Columns 1 and 2 of Table 3.5 indicates that
the coefficient of firm size on both participation and expenditure has a
positive sign. This finding implies that larger firms are more possibly to

have critical resources and absorptive capacities required for engaging in
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R&D partnership. However, firms' age has no significant impact on the

probability of R&D partnership.

Overall findings on the variables that reflect firms' absorptive capacity
support the hypothesis that firms with higher absorptive capacity are more
likely to become involved in R&D partnerships with others. Several
previous studies (e.g., Cassiman and Veugelers 2002; Belderbos et al.
2004a; Hagedoorn et al. 2005; Lopez 2008; De Faria et al. 2010; Chun
and Mun 2012; Lin et al. 2012; Spithoven and Teirlinck 2015; Jakobsen et
al. 2019) also demonstrated that the absorptive capacity of the firm is

positively related with the collaborative R&D.

Results in Tables 3.5 and 3.6 demonstrate that other characteristics of the
firms, such as competitiveness, ownership, export orientation and financial
status, are the significant determinants of participation decision and level
of expenditure. According to the results in columns 1 and 2 of Table 3.5,
coefficients of Foreign (foreign-owned firms) on participation and
expenditure are significantly positive, which are 0.765 and 0.718,
respectively. Contrary to that, coefficients of Domestic (domestic firm) both
for the participation decision and level of expenditure are negative. From
these results, it is clear that foreign-owned firms have a greater probability
of engaging in R&D partnerships as well as higher expenditure then
domestic firms. Results of this study confirm that firm’s competitiveness
and export orientation are positively associated with the R&D partnerships.
The coefficient on variable Compete in column 1 of Table 3.6 shows that

conditional on a positive count, a highly competitive firm expects to have
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around 40% more expenditure on contractual R&D compared to a less
competitive firm. Results exhibit that firms’ financial status is a significant
determinant of firms’ engaging in R&D partnerships. According to results
on the FC (financing constraints), firms’ financing constraints reduce the

likelihood of firms’ engaging in collaborative R&D.

Country characteristics do have a significant impact on the probability of
firms engaging in R&D cooperation as well as the magnitude of
expenditure. Not surprisingly, this study finds that cultural dimensions are
a matter for R&D partnership decision. As expected, the results of this
study exhibit that individualism is negatively related to firms' R&D
collaboration decision. This finding confirms the proposition that in an
individualistic society, firms are less likely to engage in collaborative R&D
activities, whereas, in a collective society, firms tend to collaborate with
others. This finding is consistent with the findings of previous studies, such
as Oxley (1999), Hagedoorn et al. (2005), Gorodnichenko et al. (2018)
and Kukharskyy (2020). However, contrary to the prediction and previous
evidence (i.e., Hagedoorn et al. 2005), the results of this study show that
firms in the more open economy are less likely to engage in collaborative
R&D and vice versa. Finally, the overall economic development level of a
country, measured by the GDP per capita, has the expected positive
impact both for the probability of R&D partnership decision and level of
contractual R&D expenditure. Estimated results show a robust positive
relationship between the GDP per capita and firms' contractual R&D

partnership.
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Effects on Conditional Mean Estimates Of Dependent Variable
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Figure 3.3: Profile plots after marginal effects analysis for model 2

167



This study estimates the average marginal effects of contract enforcement
and IPR protection for different sectors since contracting and IPR
institutions can impact different sectors differently. Results presented in
Table 3.7 show that both measures of contracting institutions have a
significant influence on firms’ collaborative R&D in all three sectors, but
the magnitude of the marginal effects of contracting institutions are highest
for the firms in the service sector.

Table 3.7: Estimated marginal effects of contracting and IPR protection by
sectors — Firms’ expenditures on contractual R&D

Manufacturing Service Core
sector sector industry
Contract enforcement 0.041™ 0.071™ 0.059™
efficiency (CEs) (0.010) (0.015) (0.019)
Legal procedural formalism -1.131™ -2.339™ -2.214™
(Fin) (0.186) (0.275) (0.368)
IPR protection level (IPRs) -1.267™ -1.542™ -1.828™
(0.104) (0.140) (0.256)

Intellectual property -1.635™ -0.658™ -0.511
protection level (IPs) (0.182) (0.316) (0.426)

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, **
atp <0.05, and *** at p < 0.01

Overall, marginal effects estimates provide strong support for the
differential effects of contracting and IPR protection in the different
industries, which are in line with the theory and existing evidence (e.g.,
Hagedoorn 2002; Hagedoorn et al. 2003; Busom and Fernandez-Ribas
2008; De Faria et al. 2010; Chun and Mun 2012; Van Beers and Zand

2014; Henttonen et al. 2016).
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Table 3.8: The key hypothesis / expected sign of the variables and findings

Variable Full variable name Hypothesis / Expected sign Findings
CEs Contract enforcement  Efficient contract enforcement has a positive effect on the True
efficiency probability of firms' R&D cooperation
FIn Legal procedural High procedural formalism in enforcing contracts through the True
formalism legal system has a negative impact on the probability of firms'
R&D cooperation
IPRs IPR protection level Tight intellectual property rights protection has a positive effect Negative effect
on the probability of firms' R&D cooperation
IPs IP protection level Strong IP protection has a positive effect on the probability of Negative effect

firms' R&D cooperation
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The empirical findings are summarised and compared to the hypotheses of

this study in Table 3.8.

3.5.4 Robustness checks

Alternative model estimation is used for carrying out robustness checks.
More specifically, by using alternative measures of contracting and IPR
institutions, this study obtains Cragg double-hurdle estimations in model 2
and assesses the robustness of this study by comparing the results of this

alternative model with the results of the baseline model (model 1).

Results of model 2 are largely consistent with the respected results of
model 1. For example, this study uses legal procedural formalism (FIn) as
the alternative measure of contract enforcement institutions. The maximum
likelihood estimates (in columns 3 and 4 of Table 3.5) and marginal effects
estimates (presented in column 2 of Table 3.6) of this variable are
significant, which are consistent with the respective results of the

benchmark measure of contract enforcement institutions (CEs) in model 1.

Likewise, the results of complementary measures of intellectual property
rights protection (IPs) are almost symmetrical with the results of the
benchmark measure of intellectual property rights (IPRs) protection level.
Furthermore, the signs and statistical significance levels for the coefficients
of all other variables also remain the same and quite robust throughout the

two alternative models.

To further confirm the robustness of the main results, this study uses

alternative measures for capturing the firm- and country-level
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characteristics. The Cragg double-hurdle estimate does not provide any
such evidence that results in substantial changes due to the change of the

variable measurements.

3.6 Conclusions

This study explores whether the contracting institutions and intellectual
property institutions have any role in firms’ decisions to participate in R&D
partnerships through influencing the opportunism-driven hold-up problem
and ex-post management of the intellectual property of the joint project. To
answer this question, this study analyses a survey dataset contains
information about the firm-level innovation activities in 40 developing and
transition countries during the period 2012-2016. Using the Cragg double-
hurdle estimation approach, this study yields several interesting findings.
First, efficient contract enforcement by the judicial system has a significant
positive impact on firms’ decisions to participate in R&D partnerships and
the magnitude of expenditure on collaborative R&D once the decision to
participate in the collaborative R&D is made. Second, strengthening of
intellectual property rights protection level has a negative effect both on the
participation decision and intensity of expenditure on contractual R&D.
Third, the influences of contract enforcement and intellectual property rights
protection on R&D partnerships are significant for all industries. However,

the magnitude of this influence varies across industries.

The results of this study have several policy implications, specifically for
developing and transition economies. First, if policymakers aim to promote

technological innovation through R&D collaborations, they can achieve it by
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improving the quality of the judicial system in enforcing contracts. Second,
the ‘one size fits all’ intellectual property protection approach is not optimal
for developing and transition countries; instead, they need to customise
their IPR policy, providing greater protection to the technological leader
firms and exemption to industries and firms with limited resources. Industry-
specific customised IPR policy can encourage resource-constrained
industries and firms to engage in collaborative R&D for cumulative
innovation, which eventually can lead such industries and firms to the path
of radical innovation through a step-by-step process. Third, these results
have some managerial implications as well. Findings indicate that firms with
a higher level of absorptive capability and innovation concern are more
likely to engage in R&D collaboration. So, firms should provide training to
their employees and spend their resources on acquiring skills to be gained

fully from R&D cooperation.

Despite the significant policy implications of the findings of this analysis, it
has some limitations. Such as, this analysis does not include R&D tax
credits as the control variable that can affect firms’ collaborative R&D
efforts. As mentioned in previous work, such as Howell (2016), remission in
tax burden stimulates firms’ innovation efforts. Government subsidies and
tax reform with a tax exemption provision for collaborative R&D can be
useful policy tools for encouraging firms to be involved in collaborative R&D
in developing and transition countries. Therefore, it would be helpful if this
study could include R&D tax credits as a control variable. However, due to
the data constraint, it is not possible through this study since this indicator
has limited coverage across a sample of the countries used in this analysis.
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Appendix B

Table B1: Sample distribution by region, country, size, age and industry

Country Firm Firm size Firm age Industry

Number Micro Small Medium Large Young Old Manufac  Service Core

(<5) (>=5 (>=20 (>=100) (<10 (>=10 turing
and and y) y)
<=19) <=99)

Albania 3 0 1 2 0 1 2 1 1 1
Armenia 17 1 8 7 1 3 14 7 5 5
Belarus 38 0 9 12 17 6 32 17 10 11
Bosnia and 46 2 21 16 1 45 15 19 12
Herzegovin
Bulgaria 25 0 16 5 4 1 24 8 11 6
Croatia 76 1 32 23 20 15 61 27 31 18
Cyprus 26 0 17 6 3 7 19 9 11 6
Czech 61 o 21 20 20 3 58 21 24 16
Republic
Djibouti 27 0 15 10 2 6 21 9 11 7
Egypt 174 0 30 67 77 31 143 54 72 48
Estonia 33 0 14 11 8 1 32 13 14 6
FYR
Macedonia 45 4 21 12 8 4 41 15 17 13
Georgia 18 0 7 4 7 6 12 5 8 5
Greece 63 0 33 23 7 8 55 28 22 13
Hungary 21 0 7 6 8 2 19 8 6 7
Israel 78 0 12 38 28 7 71 32 29 17
Jordan 60 1 6 24 29 5 55 18 23 19
Kazakhstan 14 1 2 8 3 3 11 4 7 3
Kosovo 41 0 25 13 3 13 28 14 16 11
Kyrgyz 29 0 9 10 10 1 28 11 12 6
Republic
Latvia 21 1 8 7 5 2 19 7 9 5
Lebanon 83 0 33 29 21 12 71 29 30 24
Lithuania 22 0 6 11 5 4 18 7 9 6
Moldova 30 0 11 8 11 2 28 11 12 7
Mongolia 65 1 26 27 11 13 52 26 24 15
Montenegro 8 0 3 2 3 0 8 3 4 1
Morocco 52 0 10 18 24 4 48 19 21 12
Poland 50 1 20 17 12 1 49 18 22 10
Romania 66 0 21 29 16 1 65 26 22 18
Russia 457 0 156 194 107 84 373 155 165 137
Serbia 58 1 24 18 15 10 48 21 22 15
Slovak 18 1 7 8 2 2 16 6 8 4
Republic
Slovenia 48 0 21 11 16 4 44 18 21 9
Tajikistan 19 0 5 9 5 6 13 9 6 4
Tunisia 116 0 30 46 40 15 101 41 49 26
Turkey 178 2 54 61 61 22 156 65 78 35
Ukraine 45 0 18 12 15 4 41 19 15 11
Uzbekistan 2 0 0 0 2 0 2 1 1 0
West  Bank 32 0 10 15 7 4 28 13 15 4
and Gaza
Yemen 40 0 21 13 6 1 39 14 16 10
Total 2,305 17 790 852 646 315 1,990 824 898 583
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Table B2: Bivariate probit estimation for permanent R&D and contractual
R&D

Variable Full variable name Permanent R&D Contractual R&D
undertaken or not undertaken or not
(RD) (dLnExp)
Size Size of the firm -0.003 0.269™
(0.028) (0.036)
LnAge Age of the firm -0.042 0.024
(0.060) (0.070)
Edu Employees' education 0.004™ 0.009™
(0.001) (0.001)
Train Training for 0.386™ 0.283™
employees
(0.068) (0.085)
Patents Granted patent 0.402™ 0.139™
(0.095) (0.100)
Skill Skill of the employee 0.003" -0.002"
(0.001) (0.001)
Compete Competition in -0.237™ -0.092
markets
(0.077) (0.099)
Domestic Domestic firm 0.200™ -0.083
(0.078) (0.095)
Foreign Foreign-owned firms -0.101 0.462™
(0.148) (0.213)
Export Export intensity 0.000 -0.004™
(0.001) (0.002)
LnTS Total annual sales 0.005 -0.258™
(0.009) (0.018)
FC Financing constraint 0.091™ -0.766™
(0.023) (0.028)
_cons 0.311 4.703™
(0.243) (0.357)
Log -1550.8655
pseudolikelih
ood
N 2,305
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Chapter 4. The heterogeneous effects of institutions on
innovation: An unconditional quantile regression analysis

based on an extended idea production function

4.1 Introduction

Endogenous growth theory recognises innovation as an engine of
productivity growth and economic development®. As a result, many
countries across the world use a range of policies to stimulate innovation
and thereby innovation-led growth (Todtling and Trippl 2005; Padilla-Pérez
and Gaudin 2014; Zilibotti 2017; Aghion et al. 2018). Despite that, most of
the global creation of new technologies or idea generation is mainly
concentrated within a handful of rich countries like the USA, Japan, the UK,
Switzerland and Germany. For example, in 2018, international patent
production in Japan was more than 142 times higher than international
patent production in Mexico'®. Therefore, the key question is why some
countries attain greater innovation output than other countries. After
decades of research on this issue, however, this question is still worth

investigating to answer this longstanding puzzle.

Based on the ‘knowledge production function’ approach of Griliches (1979)
and Romer (1990), several studies (i.e., Jaffe 1989; Audretsch and Feldman
1996; Furman et al. 2002; Madsen 2008; Morris 2018) provide some insight
into the regional differences in innovation performances. Such previous

research shows that the cross-country variations in innovation output can be

15 See Romer (1990), Grossman and Helpman (1991), Aghion and Howitt (1992) and Akcigit and
Kerr (2018) for theoretical argument and see Barro (1996), Hasan and Tucci (2010), Kogan et al.
(2017) and Bakker et al. (2019) for empirical evidence.

16 See the US Patent and Trademark Office (USPTO) Patent Statistics.
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attributed due to the differences in research and development (R&D)
investment, human capital devoted to research, and stock of existing

knowledge.

This study proposes that alongside the key research inputs such as human
capital devoted to research and existing stock of knowledge, institutional
quality of the countries can lead to cross-country differences in innovation
performance through influencing the productivity of research. Idea-driven
growth theory widely accepts that factors like property rights protection (i.e.,
Barro and Sala-i-Martin 1997; Acemoglu and Akcigit 2012; Saito 2017),
quality of political institutions (Acemoglu and Robinson 2000; Rivera-Batiz
2002), economic openness and quality of governance (i.e., Rivera-Batiz and
Romer 1991; Acemoglu et al. 2018) and the performance of financial
institutions (i.e., King and Levine 1993b; Huang and Xu 1999; Aghion et al.
2018) play significant roles in the innovation process of a country. Property
rights institutions, political institutions and financial institutions shape the
sets of constraints and incentives for the actors involved in the idea
production process and thus affect, in turn, the innovative outcomes of the
countries. Based on these theoretical arguments this study, therefore, posits
that countries with comparatively weak property rights and political and
financial institutional settings may attain lower innovation output, and vice
versa. To examine this proposition empirically, this study sets out to analyse
a large panel dataset from 98 developed and developing countries over the

period 1996 to 2018.
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To obtain empirical specification for estimation, this study develops an
extended idea production function framework derived from Romer (1990).
The ‘ideas production function’ framework of Romer (1990) assumes that
human capital devoted to research and existing stock of knowledge are the
key inputs that influence the output of knowledge. In the extended idea
production framework, this study connects these key inputs of knowledge
production with property rights, political institution and financial institutions.
This study argues that the qualities of these institutions can also influence
the rate of idea production of a country by affecting the productivity of
research. The overall innovation performance of a country thereby results
from the influence of both the key inputs of knowledge production and

quality of institutional arrangements.

To measure innovation output, this study uses international patent
production, defined as the number of patents granted by the United States
Patent and Trademark Office (USPTO) to the establishments of the sample
countries. The use of patents granted by the USPTO requires some
explanation. First, despite some criticisms, there are very few alternatives to
the patent for measuring the new-to-the-world technology or radical
innovation since the patent meets a standard of novelty!’. The patent,
therefore, is considered a more appropriate measure of the flow of new
knowledge, and it also has been widely used for measuring innovation (e.g.,
Chen and Puttitanun 2005; Aghion et al. 2015; Ho et al. 2018; Kerr and Kerr

2018; Chu et al. 2020; Kukharskyy 2020).

17 See Trajtenberg (1990), Griliches (1990), Pavitt (1985) and Igami and Subrahmanyam (2019) for
the debate over the use of patent as a measure of innovation.
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Second, the standard of patent examination and granting processes varies
in the patent office of different countries (see Schankerman and Pakes
1986; Bacchiocchi and Montobbio 2010; de Saint-Georges and de la
Potterie 2013; De Rassenfosse et al. 2016; Duggan et al. 2016). Therefore,
this study uses the patents granted by the United States Patent and
Trademark Office (USPTO) to avoid the concern about the lack of
comparability in granting patents across the countries. Third, most of the
sample countries of this study have trade relationships with the USA, and

many of the firms of those countries obtained patents from the USPTO8,

There is a probability of overlap between the three institutional perspectives
that have been included in this extended idea production framework for
empirical exploration. However, there are differences between these three
institutional perspectives (Acemoglu et al. 2005)!°. Property rights
institutions are mainly the laws related to intellectual property protection
(such as patent, trademark, copyright, design right, trade secret laws) and
related administrative procedures (David 1993; Khan and Sokoloff 2001;
Varian 2005)?°. Political institutions refer to electoral rules, forms of
government, the legal system, constraints of politicians and executives, and
separation of powers (Acemoglu et al. 2005). Political institutions influence

economic activities through government effectiveness, rule of laws,

18 See the US Patent and Trademark Office (USPTO) Patent Statistics.

1% Acemoglu et al. (2005) argue that property rights institutions belong to economic institutions,
and there is a difference between the economic institutions and political institutions. They argue
that property rights institution determines the constraints to protect private and intellectual
properties and incentives to properties. On the other hand, political institution, like the economic
institution, determines the constraints on politicians and executives and the incentive to other
economic actors.

20 See David (1993), Khan and Sokoloff (2001) and Varian (2005) for definition and development of
intellectual property institutions.
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controlling corruption, regulatory quality, accountability, and formulating and
implementing sound policies (Aghion et al. 2004; Kaufmann et al. 2009;
Guerriero 2020). Financial institutions are the banking and credit markets
and related laws and regulations. Financial institutions impact investment in
physical and human capital through mobilising savings, providing financial
services, screening projects, reducing risks, facilitating transaction, and
preserving creditor’s rights (King and Levine 1993b; Rajan and Zingales
1996; Barth et al. 2013; Acemoglu et al. 2015). To retain these differences
between the three institutional perspectives, this study selects distinctively
different variables for measuring these three institutions following the

established works.

This study contributes to the existing literature in several ways. First, it
extends the idea production framework of Romer (1990) by including a set
of key elements of institutional quality with the conventional determinants of
idea production and investigates whether the cross-country differences in
these institutional qualities constitute the differences in the innovation
outputs. This study, thus, aims to contribute to the existing knowledge
through a specific focus on the link between Romer’s (1990) model of
endogenous technical change and the underlying institutional factors, i.e.,
property rights protection, quality of government and functioning of financial
institutions, of a country in analysing innovation performances. Second, to
analyse the factors that influence the innovation output, this study does not
limit the estimation technique only to the standard linear regressions, as is
conventionally done within the literature. Instead, by using the unconditional
quantile regression (UQR) approach, this study opts for a more flexible
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estimation technique that allows the researcher to analyse the effect of
explanatory variables on both the location and scale parameters of the
model and thus allowing a better understanding of relationships. The
distribution of the dependent variable (i.e., innovation output) of this study
can be very informative at different points of the distribution since data for
this study comes from a sample of heterogeneous countries. In this context,
limiting the estimation technique to only the standard linear regression can
produce only a partial or biased view of the effect of institution on innovation
across countries, since the standard linear regression technique is strict to
the condition mean and estimates the average relationship between the
dependent variable and explanatory variables (Cameron and Trivedi 2010).
But it is essential to understand what is occurring in extreme situations (e.g.,
upper and lower percentiles) of the distribution of patent output. In other
words, it is significant and useful to know what is happening in the least
innovative and highest innovative countries. The unconditional quantile
regression (UQR) with the fixed effects approach can be a tool to fulfil this
purpose, which estimates the effects of the explanatory variables at the
different quantiles of the unconditional (marginal) distribution of the variable
of interest and thus can provide more information for a much richer
understanding of the data (Firpo et al. 2009). The unconditional quantile
regression (UQR) approach provides more generalisable or interpretable

results in policy or population contexts.

The rest of this chapter is organised as follows. Section 4.2 discusses the

relevant theories and past empirical studies. Section 4.3 builds a framework
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for the empirical specification. This section also discusses the variable
measurements and econometric techniques of model estimation. Section

4.4 presents and discusses the results, and Section 4.5 concludes.

4.2 Institutions and innovation: Theory and empirical Studies

The underlying importance of institutions for economic development through
their effect on technological innovation has widely been recognised by
economists since the seminal works of Joseph Schumpeter. Economists
argue that institutions can provide incentives for innovation through different
channels, namely through protecting intellectual property rights, reducing
risks, and providing finances. Empirical studies also reconfirm such
theoretical arguments. The remainder of this section discusses the

theoretical and empirical literature related to institutions and innovation.

Economists argue that institutions have a significant influence on the
decisions of the economic agents to engage in any economic activity and
subsequent performance of that activity. In particular, the pioneering works
on economic history by North (1990; 1991) and successively by Engerman
and Sokoloff (2000; 2012) state that institutions determine the choice set for
the firms and individuals to engage in any economic activity. They argue
that institutions mainly determine the transaction and production costs and
thus the sustainability and profitability of engaging in any economic
activities. Modern development economists provide additional insights into
the way institutions influence economic performance. Notably, Rodrik (2000;
2006; 2008), Alesina and Rodrik (1994), Acemoglu et al. (2002; 2005),

Acemoglu and Robinson (2008; 2010; 2012) and Levine (1997; 2018) widen
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the horizon of our understanding about the ways institutions influence
economic activities. They explain that in a country with proper institutional
arrangements: the investor feels secure about the property rights;
idiosyncratic risks are arbitrated through the efficient legal system; the rule
of law exists; the private incentive is allied with public objectives; monetary
and fiscal policies are pro-investors; and people have the choice of civil
liberty and political representation (see Rodrik 2004). According to them, in
that way, institutional qualities hold the key to economic performance across

the world?®.

Empirical findings reconfirm such theoretical arguments. Over the last two
decades, two branches of empirical research have been showing extensive
evidence that institutions are the major factors in explaining the existing
cross-country variations in economic development level. One branch of
empirical work (e.g., Knack and Keefer 1995; Barro 1996; La Porta et al.
1999; Acemoglu et al. 2001; Djankov et al. 2002; Glaeser et al. 2004; Rodrik
et al. 2004; Acemoglu and Johnson 2005; Acemoglu et al. 2014; Dincecco
and Katz 2016; Bosma et al. 2018; Acemoglu et al. 2019) provides evidence
that institutions such as property rights protection, expropriation risks, the
rule of law, quality of governance and democracy cause a significant
difference in per capita growth across the countries by influencing factors

determining investments and productivity. Another branch of empirical work

2! Johnson and Papageorgiou (2020) demonstrate that over the last 50 years there has been a lack
of progress on diminishing the existing income gaps across the countries. They conclude that
despite this stagnation in cross-country convergence of growth, most of the economic
achievements in the countries that exhibited transformational economic growth have been the
results of removing the institutional inefficiencies, specifically in the governance and in the political
institutions.
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(e.g., Porta et al. 1998; Beck et al. 1999; La Porta et al. 2000; Huang 2010;
De Haan and Sturm 2017; Bermpei et al. 2018; Law et al. 2018; Levine and
Warusawitharana 2019; Slesman et al. 2019) shows that institutional quality
affects the development process of a country through influencing the
financial sectoral development. This branch of evidence exhibits that
institutions (such as law enforcement, shareholders and creditors’ rights,
debt collection systems, monetary and fiscal policies) are largely
responsible for financial intermediary development and this financial
intermediary development causes economic growth by providing finance for

necessary investments.

Development economists also aim to advance our understanding of the
channels of growth influencing the roles of institutions by incorporating
institutions into the formal growth framework. For example, Grossman and
Helpman (1991), Barro and Sala-i-Martin (1997), Blackburn and Hung
(1998), Huang and Xu (1999), King and Levine (1993b), Rivera-Batiz
(2002), Gradstein (2004), O'donoghue and Zweimduller (2004), Aghion et al.
(2005), Acemoglu and Akcigit (2012) and Chu et al. (2020) incorporate
institutions into the formal growth framework and argue that institutions
affect the development process of an economy by influencing technological
innovation. Theoretically, they show that quality of institutional
arrangements such as level of property rights protection, legal environment,
the effectiveness of the judiciary, enforcement of contracts, pro-market

regulations, market openness and good governance have a significant
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impact on economic performances through influencing the adoption of new

technology and allocation of human capital in the R&D sector.

Intellectual property rights protection can influence technological innovation
since it works to protect the rents of inventors against imitations (i.e., Barro
and Sala-i-Martin 1997; Acemoglu and Akcigit 2012; lwaisako and Futagami
2013; Saito 2017). Law enforcement and effectiveness of the judiciary are
crucial for innovation activities as these types of institution ensure the

enforcement of IPR protection laws (see Gradstein 2004; Png 2017)%2.

Political democracy and good governance are also very important for
property rights protection as they can protect private property from
expropriation by the government and other organisations (Acemoglu and

Robinson 2000; Rivera-Batiz 2002).

Financial institutions have been considered as one of the influential
determining factors of innovation since the seminal work of Schumpeter
(1911). The Schumpeterian notion is that efficient financial intermediaries
can promote technological innovation and, thereby, economic development.
An efficient financial system is better at mobilising capitals, allocating
funding, and diversifying risk. It can channel more funds to invest in risky
innovation projects and thus can stimulate both technological innovation and
economic growth (i.e., King and Levine 1993b; Huang and Xu 1999; Laeven

et al. 2015; Aghion et al. 2018).

22 png (2017) studies the impact of state trade secrets law enforcement on R&D and patenting
activities and finds a nuanced relation between the strength of trade secrets law enforcement and
R&D activities among US states. Strong state trade secrets law enactment was associated with the
higher R&D activities among high-tech and larger manufacturing sectors across the US states.
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Empirically, several studies in the field of development economics
investigate the role of institutions on innovation from different perspectives.
Empirical studies including Park and Ginarte (1997), Kanwar and Evenson
(2003), Schneider (2005), Aghion et al. (2015) and Maskus et al. (2019)
examine the effect of intellectual property rights institutions (measured by
the strength of patent, trademark, copyright, design right, trade secret laws
and their enforcement procedures) on the innovation (measured by R&D,
patenting, the adaption of new technology and production process) and
thereby economic growth of a country. By using cross-country data, these
empirical studies show that stricter enforcement of intellectual property
institutions appears to be a significant determinant of innovation rate and
thus the economic growth of the countries. However, Chen and Puttitanun
(2005), Lerner (2009), Hudson and Minea (2013), Sweet and Maggio (2015)
and Fang et al. (2017) show negative or U-shaped relationships between
stronger IPR protection and innovation, specifically for developing countries.
They demonstrate that only countries with an above-average level of
development can enjoy the positive effect of stricter enforcement of IPR on

innovation.

Some other studies examine the potential link between the quality of
political institutions and the probability of innovation. Huang and Yuan
(2019), Dincer (2019) and Canh et al. (2019), for example, investigate the
impact of political institutions (measured by the governance and regulatory
quality, corruption level, and judicial efficiency) on innovation (i.e., patenting
activities) and provide evidence that good quality institutions are helpful for
the innovation and technological development. In the same vein, Gao et al.
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(2017) and Ho et al. (2018) find that the presence of a higher level of
political democracy is positively associated with the higher propensity to
innovate. Their findings indicate that political institutions promote innovation
by instigating pro-innovator regulations and through financial reforms and

financial market deepening.

A large body of cross-country evidence (e.g., King and Levine 1993a; Rajan
and Zingales 1996; Levine et al. 2000; Carlin and Mayer 2003; Philippon
and Reshef 2013; Valickova et al. 2015) exhibits that various measures of
the level of financial development, such as financial deepening, financial
intermediary development, banking and stock market development, are
significantly associated with the per capita GDP growth. Also, this evidence
shows that cross-country differences in the legal system (i.e., creditors’
rights, contract enforcement) can explain the differences in the level of

financial intermediary development.

This evidence on the finance-development link, however, does not reflect
the typical Schumpeterian notion?3. A very few studies (i.e., Brown et al.
2009; Chu et al. 2020) examine whether financial institutional arrangements
affect economic development through promoting innovation as described in
the economic mechanism associated with the Schumpeterian view.
Evidence of these investigations demonstrates that a better financial system

grounded in efficient macroeconomic institutions can increase the likelihood

23 schumpeterian (Schumpeter 1911) notion is of ‘creative destruction’ a process by which
innovations replace old goods, services and production methods with the better goods, services
and production methods. In this Schumpeterian ‘creative destruction’ process financial
intermediaries are the integral part that facilitate technological development (by providing finance)
and thereby economic development (see Shleifer 1986).
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of successful innovation through providing finance and hence can
accelerate innovation-led growth. Zhu et al. (2020), however, show that
when financial development exceeds a threshold level (when credit to the
private sectors goes above a threshold level of 60% as a share of GDP), it

may hurt both the technological innovation and innovation-led growth.

In summary, the theory of development economics reviewed above offers
meaningful insights about the economic mechanism and possible different

channels through which institutions can influence innovation.

However, despite these insightful theoretical observations about the
different possible channels of the influence of institutions on innovation, past
empirical studies usually try to explore the issue from any single perspective
(channel). As with the empirical literature reviewed above, existing studies
mostly focused on the channel of intellectual property rights protection and
widely studied the effect of IPR on innovation. Very few empirical studies
have investigated whether the quality of political institutions and financial
institutions can affect the innovation and technological development of a
country. But studying this issue from any single perspective is not sufficient
to explain the relationship between institutions and innovation since this
relationship theoretically has been proven complex. Investigating the
relationship between institutions and innovation output, combining all
potential institutional channels of influence in a single framework, can be

helpful to explore the issue.

The major theoretical works and empirical findings from the past works are

summarised in Table 4.1.
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Table 4.1: Major theoretical works and existing empirical findings on the role of institutions on innovation

Author(s) Title of the paper Theoretical Methodol Result Depend Independent Name of the
and Year framework  ogy ent variable Journal
variable
Theoretical Papers
1. Acemoglu, Intellectual R&D- An optimal intellectual property rights policy is Journal of
D. and Property Rights based crucial for technological innovation, such as a the European
Akcigit, U. Policy, model mixed IPR protection policy providing strong Economic
(2012) Competition and protection to the leader firms (technologically Associati
Innovation advanced firms) and some special

arrangements for the follower firms

(technologically less advanced firms).
2. Acemoglu, Political Losers as Reduced- When certain ‘interest groups’ have political American
D. and a Barrier to form static power, they can prevent the introduction of new Economic
Robinson, Economic model technology by others for protecting their Review
J.A. (2000) Development economic rents.
3. Aghion, P., The effect of Schumpeterian Financial institutional development is essential The quarterly
Howitt, P. financial growth theory for technological innovation because the size of journal of
and Mayer- development on investment required for innovating increases in economics
Foulkes, D. convergence: proportion. Besides, the innovators can defraud
(2005) Theory and their creditors by concealing the results of

evidence successful R&D projects and the degree to

which a borrower can defraud their creditor

depends on the levels of financial institutional

development of a country.
4. Aghion, L., Financial Schumpeterian Financial development affects innovation and Handbook of
Howitt, P. developmentand  growth theory innovation-led growth. Credit constraint is a Finance and
and Levine, innovation-led potential source of cross-country difference in Development
R. (2018) growth innovation and innovation-led growth.
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Table 4.1 (Continued)

Author(s) Title of the paper Theoretical Methodol Data Result Depend Independent Name of the
and Year framework  ogy ent variable Journal /
variable Book
5. Barro, R. Technological Neoclassical Intellectual property rights protection is crucial Journal of
J. and Sala-i- Diffusion, Economic growth for innovation because, with weak intellectual Economic
Martin, X. Convergence, and theory and property protection, the leader has insufficient Growth
(1997) Growth Endogenous incentive to innovate, and the follower has
growth theory excessive incentive to copy. The cost of easy

copying is that in the long-run followers’

innovation will reduce as they will not be able to

produce durable technological innovation from

copying and hence will reduce followers’ growth

rate.
6. Blackburn, A theory of Financial institutions, as the delegated Economica
K. and Hung, growth, financial Product monitoring agencies, promote innovation
V. T.(1998) development and  variety activities by lowering the agency costs,

trade mode
7. Chu, A. C., Do stronger R&D- Whether stricter IP protection promotes or Journal of
Cozzi, G., patents stimulate based suppresses technological innovation depends Money,
Fan, H., Pan, or stifle growth on the financing constraint faced by innovative Credit and
S. and innovation? The model firms. When credit constraint is non-binding, Banking
Zhang, M. crucial role of strengthening of IP protection can stimulate
(2020) financial innovation by promoting R&D, and the overall
development. impact of IPR protection on technological

development follows an inverted-U shape

pattern.
8. Gradstein, Governance and Endogenous Efficient law enforcement or the rule of law is Journal of
M. (2004) growth growth essential for better economic performance, as Development

framework efficient law enforcement promotes investments Economics

through providing better protection of the
properties.
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Table 4.1 (Continued)

Author(s) Title of the paper Theoretical Methodol Result Depend Independent Name of the
and Year framework  ogy ent variable Journal /
variable Book

9. Grossman, Quality laddersin  Product The growth rate of a country responds to profit The review of
G. M. and the theory of Improvement incentive in the R&D sector. For successful economic
Helpman, E.  growth -based growth innovation, the investor needs some monopoly studies
(1991) framework power since it generates a positive externality

for consumers and intellectual property right

protection can provide investors with that

monopoly power.
10. Huang, Institutions, Endogenous For reducing the uncertainties associated with American
H. and Xu, C. innovations, and growth model R&D projects, an effective screening Economic
(1999) growth mechanism is required, and financial Review

institutions facilitate that screening mechanism;

therefore, they can promote both innovation

and economic growth.
11. King, R. Finance, endogenous A better financial system evaluates potential Journal of
G. and entrepreneurship growth model entrepreneurs, finances the most promising Monetary
Levine, R. and growth innovation activities, diversifies the risks of economics
(1993b) innovation projects, and exposes the expected

returns from engaging in innovative activities

instead of production of existing goods using

the existing production process.
12. Patents in a model Endogenous Patent protection policy can influence R&D Journal of
O'donoghue, of endogenous growth investment by protecting R&D investors against Economic
T. and growth framework the threat of future investors. Moreover, patent Growth
Zweimdller, protection policy can affect the allocation of the
J. (2004) R&D resources across industries by influencing

the direction of the firm’s innovative activities.
13. Democracy, Endogenous The presence of stronger democratic Review of
Rivera-Batiz, governance, and growth model institutions influences governance by reducing Development
F. L. (2002) economic growth: corruption, and the reduction of corruption, in Economics

theory and
evidence

turn, accelerates technological changes and
prompts economic growth.
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Table 4.1 (Continued)

Author(s) Title of the paper Theoretical Methodol Data Result Depend Independent Name of the
and Year framework  ogy ent variable Journal /
variable Book
Empirical Studies
14. Aghion, Patent rights, OLS Panel data  Results indicate that strong patent protection R&D Patent Journal of
P., Howitt, P.  product market for 13 stimulates innovation. expendit protection Economic
and Prantl, reforms, and industries ures, (Ginarte and Growth
S. (2015) innovation in 17 patents  Park index)
European and stock of
countries, knowledge as
1987-2003 control
15. Canh, N. Do economic GMM Data on 84 Results show that political institutional quality Patent Government International
P., openness and countries, has a positive influence on technological applicati  quality, Economics
Schinckus, institutional quality 1996-2014 innovation measured by patent applications. ons corruption,
C.and influence patents? regulatory
Thanh, S. D.  Evidence from quality, rules
(2019) GMM systems of law
estimates
16. Chen, Y.  (2005) Intellectual  Optimal Nonparam Panel data Results confirm both the positive impact of R&D GP index Journal of
and property rights IPR model etric and from 64 strong IPR protection on innovation in expendit development
Puttitanun, T. and innovation in semipara  developing developing countries and the existence of U- ures. economics
(2005) developing metric countries,  shaped relationships between IPR protection patent
countries regression 1975-2000 and economic development. applicati
on
17. Chu, A. Do stronger GMM, Data from Results suggest that financial sectoral Relative  Private credit,  Journal of
C., Cozzi, G., patents stimulate 2SLS 103 development affects financing constraints per- Bank assets, Money,
Fan, H., Pan, or stifle countries, through two channels: reducing the interest- capita G Liquid Credit and
S. and innovation? The 1980-2009 rate and escalating the default costs. Through liabilities, Banking
Zhang, M. crucial role of either of these channels, financial sectoral Patent
(2020) financial development can promote innovation activities. protection
development
18. Gao, Y., Does democracy Pooled 156 Results demonstrate that political democracy Patent Binary Research
Zang, L., cause innovation? OoLS, countries, itself has no direct positive impact on count, democracy Policy
Roth, A.and  An empirical test Fixed- 1964-2010 innovation as measured by patents. patent index, Polity
Wang, P. of the popper effects, citation index
(2017) hypothesis DID
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Table 4.1 (Continued)

Author(s) and Title of the paper Theoretical Methodolo Data Result Depende Independent Name of the
Year framework gy nt variable Journal /
variable Book
19. Ho, C.- Financial GMM Panel data The result shows that banking markets Number  Polity score, World
Y., Huang, deepening and on 74 deepening has a positive impact on of Political Rights Development
S., Shi, H. innovation: The countries, technological innovation only when political granted (FHPR) index
and Wu, J. role of political 1970-2010 institutions are adequately democratic. patents
(2018) institutions
20. Huang, Does political 2SLS Data on Results show that a firm in a more corrupt state  Patent Public Journal of
Q. and Yuan, corruption impede firms from s less innovative, as measured by patents, and applicati  corruption, Financial and
T. (2019) firm innovation? different this negative effect of corruption on on, Corrupt Quantitative
Evidence from the districts of  technological innovation activities is much patent officials, Analysis
United States the USA, higher for firms that have less negotiating citation integrity
1990-2006 power against the corrupted officials. scores
21. Lerner, J. The empirical impact Weighted Data on 60 The effect of the strengthening of intellectual Patent Patent American
(2009) of intellectual Least countries property rights protection on innovation is applicati  protection Economic
property rights on Squares for 150 negative. ons Review
innovation: Puzzles
and clues years
22. International trade, Growth OLS & Panel data IPR protection impacts innovation positively, Patent The Park and Journal of
Schneider, P.  €conomic growth framework  Random 47 on but this effect is more substantial in developed applicati  Ginarte index Development
H. (2005) and intellectual Effects countries,  countries than in developing countries. ons Economics
property rights: A Model 1970-1990
panel data study of
developed and
developing countries
23. Sweet, C. Do stronger OLS, 94 Results indicate that stricter intellectual Econom Intellectual World
M. and intellectual GMM countries property protection generates a higher level of ic Property Development
Maggio, D. property rights from 1965  economic complexities, and only countries with complex Rights Index
S. E. (2015) increase to 2005 the above-average level of development can ity (ECI) (GP Index)
innovation? benefit from strengthening IPR.
24. Zhu, X., Financial GMM Data on 50 Findings suggest that financial sectoral Patent, Private credit,  Journal of
Asimakopoul  development and countries developments are positively associated with Per Banking credit, International
os, S. and innovation-led from 1990 innovation, but the expansion of the financial capita Domestic Money and
Kim, J.(2020) growth: Is too to 2016 sector above a threshold level may hurt both GDP credit, Finance
much finance period technological innovation and innovation-led Liquidity, R&D

better?

growth.
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4.3 Methodology

4.3.1 The model

To investigate the impact of institutions on innovation, this study uses an
extended ‘idea production function’ framework derived from Romer (1990)
and Rivera-Batiz and Romer (1991). The ‘knowledge production function’
is formulated by Griliches (1979) and first employed for investigation by
Pakes and Griliches (1980), Jaffe (1986; 1989) and Jaffe et al. (1993), and
later others (such as Audretsch and Feldman 1996; Furman et al. 2002;
Madsen 2008; Bell et al. 2019). Following previous studies (i.e., Rivera-
Batiz and Romer 1991; Furman et al. 2002; Ang 2011; Aghion et al. 2015;
Ho et al. 2018), in this framework, this study incorporates not only the
traditional elements of idea production, such as human capital devoted to
R&D and knowledge stock but also the institutional components that can

influence the rate of idea production of a country?*.

A key contribution of this study is that — following the established theory,
this study considers a set of key measurable components of institutions as
a means to assess how the difference in institutional arrangements

impacts the rate of innovation across the countries.

24 According to the view of Griliches (1979) production of knowledge is driven mainly from the
firms’ resources devoted to search and development (R&D). Corrado et al. (2011) note that this
view ignores other actors that can influence the knowledge production. Endogenous growth
theory confirms that other than business firms, actors like property rights institutions (i.e., Barro
and Sala-i-Martin 1997; Acemoglu and Akcigit 2012; Saito 2017), political institutions (Acemoglu
and Robinson 2000; Rivera-Batiz 2002), financial institutions (i.e., King and Levine 1993b; Huang
and Xu 1999; Aghion et al. 2018) and economic openness and government (i.e., Rivera-Batiz and
Romer 1991; Acemoglu et al. 2018) have roles in the knowledge production process of a country.
This study considers all other factors that can impact the production of knowledge/ideas of a
country along with the traditional factors.
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The idea production function framework of this study relies on the
simplified version endogenous growth model of Romer (1990) without
physical capital. Romer (1990) puts the AK structure in the knowledge
production function in where ‘K is considered as knowledge instead of as
physical capital (Romer 1986). In the ideas production function of Romer
(1990), it is assumed that human capital devoted to research and existing
stock of knowledge are the only inputs that influence the output of
ideas/knowledge (Rivera-Batiz and Romer 1991; Jones 2019). Following
Romer (1990) and notation adopted from him, the stock of knowledge is

denoted by A.

With 4. as the stock of knowledge of a country ¢ at the date ¢, the flow of

new technologies is denoted as 4., = d4_./dt. The rate of production of

et —

new ideas can be expressed by
A.cr = 5HA.crﬂcr’ (1)

where H, is the total human capital devoted to research and & is the

parameter governing the productivity of research. In Romer’s (1990)
model, it is assumed that the returns to scale of knowledge are constant

(i.e., ¢ = 1). But Jones (1995) confirms that this constant returns to scale

assumption is not acceptable for empirical investigation. Therefore,

following Jones (1995), the idea production function becomes as follows:
A.r.:r' = SH&cr}fAchE’! ﬂ < 5 = 1r @5 < 1 (2)

where ¢ < 1 is considered.
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In this idea production function framework, human capital devoted to
research and existing stock of knowledge are the main determinants of
knowledge production. Under the concept of the knowledge production
function, R&D activities are the main determinants of knowledge
production. This framework allows us to incorporate a comprehensive set
of both the economic and political-institutional components that can
influence the production of ideas through affecting the productivity of
research (&) (see Furman et al. 2002). This study draws on the stream of
past work that focuses on the determinants of innovation of a country as
well as works that emphasise how the differences in the institutional
arrangements may drive cross-country differences in technological
development level. Work on ideas-driven growth theory identifies that,
along with other traditional determinants, cross-country variations in the
productivity of research can also be related to the institutional factors,
which have not been formally included in the idea production framework

but are vital to include.

This study divides institutions into three categories: property rights
institutions, quality of political institutions, and efficiency of financial
institutions. Other institutional aspects such as belief, customs, tradition
and code of conduct may influence the idea production process of a
country, but it is difficult to measures such institutions for empirical
investigation (see Hodgson 1988). However, these informal aspects of
institutions are deeply embedded in the formal rules and regulations. This

study focuses on three key institutional aspects (following Sala-i-Martin
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2002) — property rights protection, quality of political institutions and
strength of financial institutions — that have important linkage mechanisms
and for measuring which data are available. The rest of this section
highlights these three institutional aspects that have a potential linkage to
the ideas production process, and the overall idea production performance
of a country results from the influences of these three institutional factors

and the traditional elements of knowledge.

Linkage of property rights institutions and idea production process

Romer’s (1990) model does not include secrecy and property rights since
it assumes that anyone involved in research gains free access to the
entire stock of existing knowledge (4_,). Although it does not directly
consider secrecy and property rights, it admits the importance of secrecy
of innovation and intellectual property rights protection in the ideas
generation process by positing that other assumptions about secrecy and
property rights could be considered (see Romer 1990). Grossman and
Helpman (1991) and Aghion and Howitt (1992) argue that enjoying some
degree of ‘monopolistic power and the ability to conceal successful
innovation by the inventor can have a significant impact on the rate of idea

generation.

With the development of the idea-driven endogenous growth literature, the
importance of secrecy and property rights protection have been included
in the formal growth framework (i.e., Grossman and Helpman 1991,

Aghion and Howitt 1992; Barro and Sala-i-Martin 1997; O'donoghue and
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Zweimuller 2004; Acemoglu and Akcigit 2012; Iwaisako and Futagami
2013; Saito 2017). Current literature on the endogenous growth theory
argues that intellectual property rights protection is crucial for innovation.
Generally, idea creation requires a substantial initial one-off investment for
the initial layout of the invention, and entrepreneurs will not be interested
in investing such an amount unless the resulting profit can be captured
(see Ang 2011). The high degree of IP protection provided through the
legal system allows investors to enjoy some monopoly power and thereby
spurs idea generation and technological development. In their quality
ladder model, Grossman and Helpman (1991) show that the economic
growth rate of a country responds to profit incentive in the R&D sector. For
successful innovation, the investor needs some monopoly power since this
generates a positive externality for consumers, and intellectual property
right protection can provide investors with that monopoly power. In the
same vein, Aghion and Howitt (1992) state that the economic growth rate
of a country mostly depends on the innovation rate of that country, and the
rate of innovation depends not only on the intensity of research but also on
the degree of market power enjoyed by the innovators. Barro and Sala-i-
Martin (1997) argue that, with weak intellectual property protection, the
leader (technologically advanced firms) has insufficient incentive to
innovate, and the follower has excessive incentive to copy. The cost of
easy copying is that, in the long run, followers’ innovation will reduce as
they will not be able to produce durable technological innovation from

copying, and hence the followers’ growth rate will fall. The literature on
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endogenous growth theory also emphasises that different types of the
institution can impact idea generation within the endogenous growth
framework by influencing secrecy for successful innovations and property
rights protections. For example, Acemoglu and Akcigit (2012) assert that
an optimal intellectual property rights policy is crucial for technological
innovation, and such policy includes mixed IPR protection providing better
protection to the leaders (technologically advanced firms) and some
special arrangements for the followers (technologically less advanced
firms). According to the literature, the intellectual property institution is a
crucial aspect of intellectual property protection that can be utilised as the
tool to control the degree of excludability of the stock of knowledge and

thus knowledge creation (O'donoghue and Zweimduller 2004).

Linkage of political institutions and idea production process

The political institution is also crucial for the idea generation since better
political institutional quality, as discussed by the growth literature (e.g.,
Acemoglu and Robinson 2000; Rivera-Batiz 2002), can spur idea
production and technological development. Political democracy and good
governance can be vital for innovation and innovation-led growth as they
can protect investors’ rights and implement pro-investor policy. Focusing
on the endogenous determination of political institutions, Rivera-Batiz
(2002) argues that the presence of stronger democratic institutions
influences governance by reducing corruption which, in turn, accelerates
technological changes and prompts economic growth. Gradstein (2004)

argues that efficient law enforcement or the rule of law is essential for
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better economic performance, as efficient law enforcement promotes
investments through providing better protection of property rights. The
legal system can be used to strengthen the patent protection framework
that stimulates the incentive to produce new ideas (can also see Png
2017). Acemoglu and Robinson (2000) show that when certain ‘interest
groups’ hold political power; they are more likely to prevent the
introduction of new technology by others in order to retain their economic
rents. Political democracy can also increase economic growth by
encouraging investment in innovation and knowledge production through
various reforms. The literature on growth theory (for example: Acemoglu et
al. 2018; Atkeson and Burstein 2019) widely argues that government
policy (mainly tax and subsidy policies) can have an influence on the rate
of innovation and it can expect that quality of governance broadly impact
the policy formulation and its implementation (can see also Bloom et al.

2019).

Linkage of financial institutions and idea production process

Development in the endogenous growth theories also recognises financial
institutions as another key factor for idea generation. Financial institutions
(both the banking and credit markets) discussed by the recent
endogenous growth literature can channel more funds to invest in risky
innovation projects and thus can stimulate technological innovation. For
example, King and Levine (1993b) propose that financial institutions can

lower the screening and monitoring costs and thereby can increase the
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frequency of idea production by mitigating agency problem. According to
them, a better financial system evaluates potential entrepreneurs, finances
the most promising innovation activities, diversifies the risks of innovation
projects, and exposes the expected returns from engaging in innovative
activities instead of production of existing goods using the existing
production process (see Huang and Xu 1999; Aghion and Howitt 2008).
Aghion et al. (2005) argue that financial institutional development is
essential for a country to catch-up with the world technology frontier
because of the size of investment required for innovating increases in
proportion. Only developed financial intermediaries can meet such
investment by reducing credit constraint. Moreover, the innovators can
defraud their creditors by concealing the results of successful R&D
projects, and such type of moral hazard can be harmful to innovation.
Endogenous growth literature emphasises that the unwanted effect of
concealing of successful innovation projects can be reduced through the
deepening of the financial system. According to Aghion et al. (2005), the
degree to which a borrower can defraud their creditor depends on the level
of financial institutional development of a country. In an underdeveloped
financial system, the making of such fraud is an inexpensive option, which
subsequently holds back the production of new ideas. On the other hand,
financial market development and liberalisation tend to incur a high
expense for such kind of fraud by imposing substantial punishment and
thus can promote the production rate of new ideas. In a product variety

model, Blackburn and Hung (1998) argue that financial deepening can
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allow financial intermediaries to reduce delegating costs significantly by
diversifying among a large number of projects. Financial deepening, thus,
can work as an incentive to the idea production through lower monitoring

costs.

An extended idea production function

The above theoretical consideration confirms that a broader set of
institutional factors determines the productivity of new ideas in a country.
This study treats the innovation output or the flow of new ideas production
(4_,) as the outcomes of the idea production process that utilises human
capital devoted to research (H, ..) and stock of existing knowledge (4_,) as
key inputs. The incentive to generate new knowledge is regulated by the
strength of property rights institutions (L_.), quality of political institutions
(P..) and the financial institutions (F.,). Hence, the framework of this study
suggests a slightly more general idea production function than Romer’s

(1990) idea production function?>:
Alcr = 5(LF£"FEE'"F;E')HA.EE'FAEE'¢ (3)

Here, L_ captures the strength of property rights institutions for the
country ¢ in the year t, P_, refers to the political environment and quality of

governance and F,, captures the strength of financial institutions of the

5 In the original “knowledge production function” framework, Griliches (1979) assumes that the
production function takes the form of Y = F(X,K,u), where X presents conventional inputs such as
labour, K is the current stock of technological knowledge and u represents the all other
unmeasured determinants of outputs and productivity. See also Porter and Stern (2000), Furman
et al. (2002), Ang (2011) and Rodriguez-Pose and Di Cataldo (2015) for previous example.
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country. These three variables can be treated as the long-run forcing
variables explaining the behaviour of A_. (see Ang 2011). As before, A_. is
the flow of new technologies for the country ¢ in the year t; H, . is the total
human capital devoted to the research sector of the economy; and 4., is

the total stock of knowledge of the economy in the given year t.

This study proposes this extended idea production by including a set of
key elements of institutional quality into the formal idea production
framework to assess the determinants of technological innovation and to
know whether cross-country difference in the institutional qualities
constitutes the differences in the technological development level among
the nations. The overall innovation performance of a country may result
from the influence of both the traditional elements of knowledge production
and the quality of institutional arrangements. This study, thus, seeks to
contribute to the literature through a specific focus on the link between
Romer’s (1990) model of endogenous technical change and the
underlying institutional factors, i.e., property rights protection, quality of
government and functioning of financial institutions, of a country in

investigating innovation outcomes.
Empirical predictions

This study now turns to the empirical predictions implied by the extended
‘idea production function’ framework. The following key hypothesis can be

established from equation (3) above.
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Hypothesis 1. The more the strength of property rights institutions (L _,) of

the country, the more positive the effect of them on producing new to the

world technology ( 4,.) as measured by the country's patent production.

Hypothesis 1 states that strong property rights institutions are likely to
protect the secrecy of innovation by providing a high degree of IP
protection and allowing investors to enjoy some monopoly power and,
therefore, incentivise more idea generation. The vertical aspect of property
rights protects innovators from the risk of expropriation by arbitrary
government, and the horizontal aspect of property rights protects from

rivals’ infringement and thus spur knowledge creation.

Hypothesis 2. The stronger the political institutions of the country (P_,), as
captured by the political environment and quality of governance, the higher

it is to produce new to the world technology ( 4_,).

Hypothesis 2 suggests that effective political institutions are likely to
protect investors’ rights and implement pro-investor policy, and, thereby,
investors are more likely to engage in idea production and technological

innovation.

Hypothesis 3. The more developed the country's financial institutions, the
higher the production of the new to the world technology (4.,) in that

country as measured by the country's patent production.

Hypothesis 3 implies that the better developed financial institutions
evaluate potential entrepreneurs, finances the most promising idea

generation activities, diversifies the risks of innovation projects, and
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exposes the expected returns from engaging in idea production activities

and thus can stimulate idea generation.

4.3.2 Empirical specification

Intending to estimate the relationship between innovation or flow of new
technologies and a set of key measurable components of institutions, this
study adopts the extended idea production function, in equation (3), from
the theory of endogenous technological change. Idea-driven endogenous
growth theory suggests that, as discussed above, alongside the key
knowledge inputs, a set of institutional components such as property rights
protection, governance, political democracy and performance of financial
institutions can influence the knowledge outputs. This study, therefore,
considers all these institutional factors that can influence the production of
knowledge of a country along with the traditional factors and obtains the

following specification for empirical estimation by log-linearising equation

3).
Lm.ct = Bo + BrinL o +BpinPy + BrinFy + PylnHy o + BalnAge + £ (4)

where coefficients 5;, £z, Bz, 5y and 8, are the parameters of interest and
e_. is the error term. Our outcome of interest is A4, (innovation output/flow
of new technologies) and primary explanatory variables of interest are L,
(measure of the strength of property rights institutions), P.. (measure of
the quality of political institutions), and F.. (measure of the strength of the

financial institutions). H,_.. (a measure of human capital devoted to
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research) and 4., (a measure of existing knowledge) are the key research

inputs.

Moreover, to control the variation due to country difference, we include
some country-level variables, which capture the other country
characteristics. For example, market openness or international trade can
influence the technological development of a country through the
knowledge spill-over effect (Rivera-Batiz and Romer 1991; Santacreu
2015). When R&D workers move between firms, they can generate more
ideas by diffusing knowledge. International knowledge spill-overs of
technological innovation have an influential role in innovation as many
countries can adopt technologies developed elsewhere, particularly from
developed to developing countries (Aghion and Jaravel 2015).
International technological knowledge spill-overs can be channelled
through international trade, foreign direct investment, joint ventures,
foreign patents licencing, or through skilled-labour migration (Grossman
and Helpman 1990; Schneider 2005; Fracasso and Marzetti 2015;
Grossman and Helpman 2015). Evidence (such as Liu and Wang 2003;
Liu et al. 2009) demonstrates that foreign direct investment is an effective
way to introduce advanced technologies to host countries. However, some
evidence (i.e., Ghebrihiwet and Motchenkova 2017; Demir and Duan
2018) shows that FDI can be detrimental for both productivity growth and

technological development in developing countries.

There are also debates over the impact of trade openness on

technological innovation. Some (e.g., Helpman 1993; Lai 1998) argue that
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due to intellectual property rights protection, trade openness can increase
innovation only in developed countries but has the opposite effect in

developing economies.

Therefore, this study includes the following four variables as the control
variables in the empirical specification — foreign direct investment (FDI),
trade openness (TRADE), total population and GDP per capita — to
capture the impact of international trade, economic openness and country

characteristics on innovation output.
To include these control variables in equation (4), this study assumes that
E.e = Ug + BrplnFDI + BrTRADE,  + BrplnTP,_ + B LnGDP,, (5)

where FDI indicates foreign direct investment, TRADE represents the
trade openness, TP denotes total population, and GDP denotes GDP pet

capita. Error term w_, captures the remaining variation.

Finally, integrating equations (4) and (5), the main specification takes the

following form:

LnA.ct = Bo + BrinLi+PplnPyy + frinFey + PylnHy oy + falnAge + BrpLnF DI,
‘|‘,8TRTRADECr +ﬁTPLnTPCt ‘|‘,GGDLHGDPC¢- + Uqr (6)

This specification is estimated using data from different sources. The
analysis of this study is organised with a log-log specification with the

exception of the variables that express as the percentage.

There is a chance of overlap between these three institutional

perspectives that have been included in this extended idea production
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framework for the empirical exploration of the impact of institutions on
innovation. However, there are theoretical differences between these three
institutional perspectives discussed in the introduction part of this study. It
is helpful to keep in mind the theoretical differences between these
perspectives when measuring them for empirical investigation and the

tasks to which this study now turns in the following section.

4.3.3 Data and variable measurement

For empirical analysis, this study compiles an extensive country-level
panel dataset for 98 developed and developing countries (see Appendix

Table C1) over the 1996 to 2018 period from different sources.
Innovation

The main measure of innovation output (4_,) of this study is international
patent production, defined as the number of patents granted by the United
States Patent and Trademark Office (USPTO) to the establishments in
country c for the year t. The second measure of innovation is the patent
application to the USPTO by the establishments of the country c in the
year t. To construct this variable, this study uses country-level data on

patents granted for each country from the USPTO patent statistics.

The using of international patents to measure innovation output requires
some explanation. Despite some criticisms, there are very few alternatives
to the patent for measuring the flow of new technology or radical

innovation. Griliches (1998) argues patents meet a standard of originality
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and have a potential utility. So, the patent can be a near to appropriate
proxy for measuring the new-to-the-world technology, and it has been
widely used as a measure of innovation output (i.g., Chen and Puttitanun
2005; Aghion et al. 2015; Ho et al. 2018; Kerr and Kerr 2018; Chu et al.
2020; Kukharskyy 2020). Therefore, for measuring innovation, this study
uses the patents granted by the United States Patent and Trademark
Office (USPTO) for each country. Although patents granted by the USPTO
do not fully reflect the innovation activities of every country, this study
compromises on choosing patents granted by the USPTO as a proxy
measure of innovation for the following reasons. First, the standard of
granting patents and the value of the patents is not uniform across the
countries (Schankerman and Pakes 1986; de Saint-Georges and de la
Potterie 2013; Duggan et al. 2016). Therefore, this study uses the patents
granted by the USPTO to avoid the concerns about the lack of
comparability in granting patents across the countries. Second, in many
countries, no substantive examination is carried out for granting patents
(De Rassenfosse et al. 2016). So, this study selects patents granted by
the USPTO as a proxy measure for ensuring the same standard of the
novelty of innovations that have been patented. Third, institutional qualities
of the country influence firm to engage in idea production activities and
thereby to obtain patents for protecting their innovation. Most of the

sample countries of this study have trade relationships with the USA?,

26 Summary statistics show that the average share of export (as a percentage of total export) of
the sample countries to the USA is around 14%.
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and many of the firms of those countries obtained patents from the

USPTO.

Strength of property rights institutions

To capture the strength of property rights institutions (L .,) of the countries,
the main measure of this study is the patent rights index of Ginarte and
Park (1997) and extended by Park (2008), henceforth GP index. This
index is commonly used for measuring the strength of patent laws and
intellectual property protection of the countries (Chen and Puttitanun 2005;
Schneider 2005; Keller and Yeaple 2013; Bilir 2014; Aghion et al. 2015;
Papageorgiadis and Sharma 2016; Chu et al. 2020). It is an unweighted
sum of five individual scores: the extent of the coverage; the duration of
protection; affiliation to international patent agreements; enforcement
procedures; and provision for loss of protection. The scale of this index
ranges from 0 to 5, with the higher number indicating patent laws with the
stronger levels of IPR protection. This index is updated every five years
between the years 1960 and 2005. Since this index is quinquennial, this
study has to use the same value for every five years up to the year 2004,

and, for the rest of the year, the value of the year 2005 is used.

To capture the property rights institutions, the second measure of this
study is the ‘private property index’ obtained from the Heritage Foundation
(following Glaeser et al. 2004; Acemoglu and Johnson 2005). This index
indicates the degree to which private property rights is secured against

expropriation by the government or other organisations. It assesses the
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ability of an individual to accrue private properties in a country and the
probability of expropriation. It also evaluates the extent to which a
country’s law protects private property rights and the extent to which the
state enforces those property rights laws. This index ranges from 0 to 100,
with a higher score indicating the more certain legal protection of

properties.

Quality of political institutions

To capture the quality of political institutions (P,,), this study uses three
different measures. Measuring the quality of political institution for
empirical investigation is a challenging task, mainly due to the inadequacy
of data. However, there have been growing attention to know the effects of
quality of governance on economic development in recent years, which led
to a rise in the compiling of institutional data. One of such efforts is the
‘Worldwide Governance Indicators (WGI) variables of the World Bank
developed by Kaufmann et al. (1999). They aggregate several subjective
assessments of institutional qualities of the countries into broad indices of
governance quality. They define governance broadly “as the traditions and
institutions by which authority in a country is exercised” (Kaufmann et al.
1999: 1). This definition of the government includes: the process by which
the government of a country is selected, supervised and changed; the
capacity of the governments in effectively formulating and implementing
the policies; and the respect of the government as well as citizens for the
institutions (Kaufmann et al. 1999). In spite of some criticisms (for example

Arndt 2008; Langbein and Knack 2010; Thomas 2010), it has been widely
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used, including by Dollar and Kraay (2002), Easterly and Levine (2003),
Glaeser et al. (2004), Faccio (2006), Méon and Weill (2010), Araujo et al.
(2016) and Fauver et al. (2017), to measure the quality of governance and
political institutions. This index is constructed by combining six broad
dimensions of governance: voice and accountability; the effectiveness of
government; political stability and absence of violence or terrorism;
regulatory quality, the rule of law; and controlling of corruption (see
Kaufmann et al. 1999). WGI is a clear outcome measure of political
institution and this study, therefore, uses this as the main measure of the
quality of political institutions. It was first published in 1996 and from then it
is regularly updated. To contrast the variable, quality of political
institutions, this study collects data from the WGI from the years 1996 to

2018.

The second measure of the quality of political institutions of this study
obtains from the World Bank’s ‘Doing Business’ reports. Political
institutions influence economic activities mainly through the legal and
regulatory system. The legal and regulatory systems influence the costs of
doing business with the knock-on effect on employment, outputs,
investments and productivity. But measuring or even conceptualising the
cross-country differences in the legal and regulatory environment is far
from settled. One of the leading projects that try to measure the legal and
regulatory environment of the countries in which businesses operate is the
World Bank’s Doing Business project (Besley 2015; Djankov 2016). This

project collects quantitative data from different countries across the world
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to compare the regulations faced by business firms across countries over
time and ranks countries according to their scores on regulatory
performance. This Doing Business report has become a major resource
for researchers to measure the quality of the legal and regulatory systems
of a country (e.g., Pinheiro-Alves and Zambujal-Oliveira 2012; Besley
2015; Al-Shayeb and Hatemi-J 2016; Canare 2018). This report ranks
countries by assessing the procedure, time and costs involved against the
following 11 specific areas of business: starting of the business, getting
permits, getting power supply, registering property, getting the loan,
protecting small investors, paying tax, the openness of trade, contract
enforcement, and insolvency resolution. This report, thus, evaluates the
enforcement of the laws and regulations relating to business. This Doing
Business report was first published in 2003, and from then, it regularly
updates and currently includes indicators for 189 countries. To measure
the regulatory performance, this study collects data from this report

between the years 2005 and 2018.

The third measure of the quality of political institutions is ‘Polity’ scores
from the Polity IV dataset (Marshall et al. 2019), which measures the
institutionalised political democracy of a country. The polity score makes
the best attempt to measure the political environment of the countries
across the world. It reflects the degree to which the following three key
interdependence components are adhered to: the existence of effective
institutions and procedure through which citizen of the country can

express their preference on the alternative policies and leaders, the
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presence of institutional constraints on politicians and executives to
exercise their powers, and the assurance of civil liberties for the citizens in
all spheres of life including political participation. The scores range from -
10 to +10, with -10 to -6 corresponding to autocracies, -5 to 5
corresponding to anocracies, and 6 to 10 to democracies. Several
previous works such as Glaeser et al. (2004) Epstein et al. (2006),
Mishkin (2009), Gao et al. (2017) and Ho et al. (2018) used this score to
measure the quality of political institutions. This study uses this score for
the years between 1996 and 2018 to construct the third measurement of

political institutions.

Financial institutions

A complete picture of the strength of financial institutions (F.,) of a country
reflects through the development level of both banking and credit markets
of that country. The functions of the financial institutions — acquiring
information, enforcing the contract, and making transaction — are largely
determined by the legal, regulatory and tax systems of the countries. The
difference in the acquiring of information, enforcing of contract, and costs
of transaction connected with the different legal, governing, and tax
systems motivate the evolvement of distinct financial institutions and credit
markets across the countries (La Porta et al. 1997; Porta et al. 1998; La
Porta et al. 2000; Levine 2005a; Ang and Fredriksson 2018). Measuring
the financial institutional development level of a country mainly includes:
measuring the size of financial institutions and credit markets (i.e.,

financial depth), the level to which the individuals of the country have
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access to financial institutions and credit markets (i.e., access), and the
efficiency and stability of financial institutions and markets of the country
(Cihak et al. 2012). This study, thus, uses three measures to capture the
depth and development level of financial institutions and markets at the

country level.

The usual practice (e.g., King and Levine 1993a; Levine et al. 2000; Klein
and Olivei 2008) is to use the size of the financial intermediaries relative to
the size of the economy to measure financial sectoral development or the
depth of the financial sector. One measure of the depth of the financial
system is the liquid liabilities to GDP, which equals demand plus interest-
bearing liabilities of banking and other non-banking financial institutions
divided by GDP. This measure is the widest indicator of financial depth
since it comprises the depth of all three financial sectors — central bank,
deposit money banks/commercial banks and other financial intermediaries

— of an economy relative to the size of that economy (Beck et al. 1999).

To measure the financial institutions, the second measure of this study is
the ratio of private credit to GDP. This measure indicates the claims on the
private sector by deposit money banks as the percentage of GDP, which
reflects the channelling of savings to investors. The ratio of private credit
to GDP mainly indicates the credit issued to the private sector in
comparison with the credit issued to the government and state-owned
enterprises. Moreover, it reflects the credit issued by financial institutions
other than the central bank. This measurement, therefore, measures the

domestic asset distribution at the country level. The financial systems that
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channel credit only to the government or public firms may not be
assessing managers, screening investment project, diversifying risks, and
providing financial service to the same extent as the financial system that
allocates more credit to the private enterprises (Beck et al. 1999). This
study, thus, includes this indicator to measure the proportion of credit
allocated to private firms and individuals of the countries by the financial
systems of those countries. This measure has been used by researchers
widely; for example, Levine and Zervos (1998), Rajan and Zingales
(1996), Beck et al. (1999), Beck et al. (2007), Chu et al. (2020), and Zhu et

al. (2020).

This study uses the stock market capitalisation to GDP as the third
measure, which equals the value of listed shares divided by the GDP of a
country. It reflects the size of the stock markets of the countries relative to
the size of the economies. It is a more stable measure of the importance
of the capital markets since it is less cyclical than the other measures and
therefore is better for the comparison across countries and over the
periods (Rajan and Zingales 2002). Data for all the three measures of
financial institutions come from the Financial Development and Structure
database of the World Bank developed by Beck et al. (2000), Beck et al.
(2009) and Cihak et al. (2012). This study uses data from this source for

the years 1996 to 2018.
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Measurement of other variables

This study uses the total number of researchers engaged in R&D activities
(per million people) for measuring the human capital devoted to research

(H,..) (like - Hasan and Tucci 2010; Ho et al. 2018). R&D expenditures as
the percentage of GDP are also used as the alternative measure for H, _,.

The data source for these variables is the UNESCO Institute for Statistical
Data Centre. Both of these variables are constructed using data from this

source for the years 1996 to 2018.

For measuring the existing knowledge stock (4_,) of a country, this study
uses the stock of patent granted by the home patent office. Using a
perpetual inventory model provided by Hall et al. (2005), this study
constructs patent stock based on the number of the patent granted by the
home office of each country at the 10% depreciation rate. For measuring
the existing knowledge stock of a country, stock of patent granted by the
patent office of that country is a good measure since the investor usually
applies for the patent in his home country (see, e.g., Furman et al. 2002;
Hsu 2009). This variable is constructed using the World Intellectual

Property Organization (WIPO) statistics from the years 1996 to 2018.

Moreover, to address the selection bias, this study includes the share of
export (as a % of total export) of each country to the USA. Selection bias
may arise due to the using of the patent granted by the USPTO as the
measure of innovation because the domestic innovator of a country

applies to the USPTO for a patent if they require patent protection in the
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USA. Therefore, this study includes this additional variable for partially
capturing the time-varying shock of the domestic innovators applying to
the USPTO for a patent. The data source for this variable is the World

Integrated Trade Solution (WITS) database of the World Bank.

To measure trade openness, this study uses the ratio of total trade (the
sum of exports and imports) to the gross domestic product (GDP) of the
country, and to measure FDI, we use the net inflow of foreign direct

investment as the percentage of GDP.

To capture country characteristics, this study also includes the total
population as the measure of the internal market size and per capita GDP
(constant 2010 US dollars) as the measure of the overall development
level of the countries. To construct these four variables, data are obtained
from the World Development Indicators (WDI) database of the World Bank
for the years 1996 to 2018. Definition of the variables with the data

sources is presented in Table 4.2.

Summary statistics are reported in Table 4.3, and Table 4.4 reports the
correlation matrix of the variables. The skewness values in Table 4.3 show
that the distributions of all variables of this study are skewed, and the
kurtosis values in the similar table indicate that data are more
concentrated at the tails of the variable distributions. The
Skewness/Kurtosis tests for normality reject the null hypothesis of
normality of all variables. Table 4.4 shows that variables of interest are

significantly correlated with the explanatory variables.
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Table 4.2: Variable definitions with the name of data source

Variable Full variable name

Description

Data source

Dependent variable - Innovation output

LnA Patent output

LnPA Patent application

Independent variable

Log of number of patents granted by the United States Patent and
Trademark Office (USPTO) to the establishment in the country c in the
yeart

Log of the patent application to the USPTO by the establishments of the
country c in the year t

Alternative measures of property rights institutions (L)

A patent rights index ranges from 0 to 5, with a higher value indicating a
stronger level of protection; which is the unweighted sum of five separate
scores capturing the strength of the following areas of patent protection:
1. The extent of coverage, 2. Membership in international treaties, 3.
Duration of protection coverage, 4. Enforcement mechanism, and 5.
Restrictions

Private property rights score ranging from 0 to 100, with a higher score
indicating better protection for the private property against expropriation
by the government and other organisations

Governance indicator ranges from approximately -2.5 (weak) to 2.5
(strong) governance performance, which is constructed by the aggregate
indicators of six broad dimensions of governance: 1. Voice and
accountability, 2. The effectiveness of government, 3. Political stability
and absence of violence or terrorism, 4. Regulatory quality, 5. The rule of
law, and 6. Controlling of corruption

Score ranges from 0 to 100, with the higher score representing the better
regulatory performance for doing business; covering efficiency of 11
enforcement areas of laws and regulations relating to business: starting of
the business, getting permits, getting power supply, registering property,
getting loan, protecting small investors, paying tax, the openness of trade,
contract enforcement, and insolvency resolution

IPP Intellectual property
protection
PPP Protection of private
property
Alternative measures of political institutions (P)
G Governance quality
RP Regulatory
performance
POLI Political democracy

Score ranges from -10 to +10, with -10 to -6 corresponding to autocracies,
-5 to 5 corresponding to anocracies, and 6 to 10 to democracies

USPTO Patent Statistics

USPTO Patent Statistics

Developed by Ginarte and
Park (1997) and updated by
Park (2008)

Heritage Foundation
[https://www.heritage.org/inde
x/property-rights]

The World Bank

The World Bank Doing
Business Report

Polity IV dataset
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Table 4.2 (Continued)

Variable

Full variable name

Description

Data source

Alternative measures of financial institutions(F)

FD

Fl

STOCK

Depth of the
financial system

Financial
intermediary
development
Depth of the stock
market

Key research inputs

LnH,
LnH, =
RDEXx
LnA h

LnA_US

Human capital
devoted to research

Resources devoted
to research

Patent stock

Patent stock

Control variable

FDI

TRADE

Expo_US

LnTP
LnGDP

Foreign direct
investment

Trade openness

Exports to the USA

Market size

Gross domestic
product

Liquid liabilities to GDP (%)

The ratio of private credit to GDP

Stock market capitalisation to GDP, which measures the depth of the
stock market of a country

Log of the number of researchers engaged in R&D activities (per million
people)
Expenditure on research and development expenditure as the percentage
of GDP

Cumulative number of the patent (at the 10% depreciation rate) granted
by the home office of each country until the year (t-1)

Cumulative number of the patent (at the 10% depreciation rate) granted
by the USPTO for the all establishment in the country c until the year (t-1)

The net inflow of foreign direct investment (as a percentage of GDP)

The ratio of countries’ total trade (exports + imports) to the countries’ GDP

Share of export to the USA as a percentage of total export

Log of the total population
Log of per capita GDP (constant 2010 US dollars)

Financial Development and
Structure database, World
Bank

Financial Development and
Structure database, World
Bank

Financial Development and
Structure database, World
Bank

UNESCO Institute for
Statistical Data Centre

UNESCO Institute for
Statistical Data Centre

WIPO statistics database

USPTO Patent Statistics

World Development Indicators

(WDI) database, The World
Bank

WDI database, The World
Bank

World Integrated Trade Solution
(WITS), The World Bank
WDI database, The World Bank

WDI database, The World Bank

Note: Ln denotes the natural logarithm of the variables
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Table 4.3: Descriptive statistics

Variable  Full variable name Obs Mean Std.Dev Min Max Pr Pr (Kurtosis) SK
(Skewness)

Dependent variable

LnA Patent output 2254 3.474 2.876 0 11.975 0.000 0.000 0.000

LnPA Patent application 2254 4.138 2.955 0 12.572 0.000 0.000 0.000

Independent variable

Alternative measures of property rights institutions (L)

IPP Intellectual property protection 2254 3.697 .638 1.18 4.88 0.000 0.105 0.000

PPP Protection of private property 2254 56.927 23.51 5 98.4 0.781 0.000 0.000

Alternative measures of political institutions (P)

G Governance quality 2254 .318 .851 -1.992 1.97 0.002 0.000 0.000

RP Regulatory performance 1372 66.701 10.186 30 89.5 0.125 0.042 0.040

POLI Political democracy 2254 5.422 6.423 -10 10 0.000 0.140 0.000

Alternative measures financial institutions(F)

FD Depth of the financial system 2254 7.273 7.764 .369 93.872 0.000 0.000 0.000

Fl Financial intermediary development 2254 6.588 4.783 .019 31.203 0.000 0.000 0.000

STOCK  Depth of the stock market 2254 5.331 8.845 .003 109.894

Key research inputs 0.000 0.000 0.000

LnHa Human capital devoted to research 2254 6.677 1.516 2.85 9.018 0.000 0.000 0.000

RDEXx Resources devoted to research 2254 922 .936 012 4.429 0.000 0.000 0.000

LnA _h Patent stock 2254 9.478 2.273 2.46 15.645 0.066 0.033 0.003

LnA_US Patent stock 2254 5.831 3.217 .50 15.098 0.000 0.000 0.000

Control variable

FDI Foreign direct investment 2254 548 1.747 -5.832 45.172 0.000 0.000 0.000

TRADE Trade openness 2254 93.597 61.1  15.636 442.62 0.000 0.000 0.000

Expo_US Exports to the USA 2231 1.135 3.121 .01 21.85 0.000 0.000 0.000

LnTP Market size 2254 16.339 1.708  11.244 21.055 0.559 0.009 0.004

LnGDP  Gross domestic product 2254 9.3 1.294 6.443 13.724 0.581 0.000 0.000

Note: (1) Ln denotes the natural logarithm of the variables. (2) SK denotes the empirical statistic of the Skewness/Kurtosis tests for Normality.
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Table 4.4: Pairwise correlations

Variables 1) 2 (3 (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14) (15) (16)
Dependent variable

(1) Ln& 1.000

(2) LnPA 0.983*  1.000

Independent variable

(3) IPP 0.665*  0.667* 1.000

(4) PPP 0.585* 0.576* 0.561* 1.000

(5) G 0.606* 0.602* 0.651* 0.646* 1.000

(6) RP 0.586* 0.578* 0.568* 0.570* 0.678* 1.000

(7) POLI 0.343*  0.334* 0.390* 0.400* 0.475* 0.292* 1.000

(8) FI 0.576* 0.579* 0.454* 0.562* 0.592* 0.599* 0.208* 1.000

(9) FD 0.282* 0.275* 0.204* 0.357* 0.374* 0.240* 0.103* 0.440* 1.000

(10) STOCK 0.337* 0.327* 0.225* 0.358* 0.275* 0.328* 0.070* 0.478* 0.429* 1.000

(11) LnHa 0.635* 0.643* 0.628* 0.574* 0.697* 0.689* 0.210* 0.488* 0.322* 0.238* 1.000

(12) LnA_h 0.857* 0.865* 0.581* 0.358* 0.376* 0.431* 0.278* 0.461* 0.175* 0.249* 0.560* 1.000

Control variable

(13) FDI -0.024*  -0.035 0.046* 0.133* 0.122* 0.082* 0.042* 0.112* 0.178* 0.149* 0.072* -0.072* 1.000

(14) TRADE -0.044*  -0.047* 0.092* 0.262* 0.284* 0.300* -0.022 0.207* 0.535* 0.474* 0.218* -0.165* 0.325* 1.000

(15) LnTP 0.405* 0.414* 0.011 -0.222* -0.307* -0.172* -0.066* 0.036 -0.169* -0.015 -0.108* 0.599* -0.197* 0.519* 1.000

(16) LnGDP 0.619* 0.621* 0.568* 0.700* 0.770* 0.626* 0.205* 0.482* 0.400* 0.298* 0.676* 0.412* 0.067* 0.405* -0.287* 1.000

* shows significance at the .05 level
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Figure 4.1: Histogram of the dependent variable

Figure 4.1 presents the histogram for the patent output (LnA), which also

confirms that the distribution of patent output is not normal.
4.3.4 Estimation strategy

To estimate the empirical specification derived from the extended idea
production function [in equation (6)], this study mainly utilises the
unconditional quantile regression (UQR) technique developed by Firpo et
al. (2009), which can provide complete information on the relationships
between the outcome variable LnA and the explanatory variables for each
quantile of interest. With the aim to explore the impact of institutions on

innovation output, this study analyses a panel dataset of 98 developed
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and developing countries over 23 years. The distribution of dependent
variable LnA can be very informative at different quantiles of the
distribution since data for this study comes from a sample of
heterogeneous countries. Besides, the sample of this study contains
outliers and the non-normal error distribution. In this perspective, limiting
the estimation technique only to the standard linear regression can
produce a partial or biased view of the effect of institution on innovation
across countries since the standard linear regression technique is strict to
the conditional mean and estimates the mean effects of regressors on the
dependent variable (Cameron and Trivedi 2010). Instead, employing the
unconditional quantile regression (UQR) is a more flexible approach,
which goes beyond the conditional mean. The UQR method can estimate
the effects of explanatory variables at the different points of the
distribution of outcomes and thus can provide a complete picture of the
relationships (e.g., Borah and Basu 2013; Fredriksson et al. 2013; Baltagi

and Ghosh 2017; Blau and Kahn 2017).

First, to estimate the parameters associated with the empirical
specification in equation (6), this study uses the fixed-effects linear
regression model of panel data technique. This estimation is conducted
by using a panel dataset of 98 developed and developing countries over
23 years. The results from the estimation, therefore, may depend on
cross-country variation or time-series variation, or both. Considering
these facts, this study includes the year dummies to account for the

evolving variations in the innovation output level across the years and
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country dummies to control for aggregate cross-country differences.
Moreover, to produce less sensitive estimates to the large outliers, this
analysis is conducted around a log-log specification, with the exception of

the variables that are constructed as the percentage (Wooldridge 2018).

However, the standard linear regression technique is only useful as a tool
for summarising the average relationships between the dependent
variable and independent variables based on the conditional mean
function. So, the standard linear regression technique can provide only a
partial view of the relationships (see Binder and Coad 2011). Moreover,
standard linear regression is not robust to the non-normality or long-tail
error distribution of the disturbance term, and thereby it can produce
inefficient and biased estimates when the fraction of data is concentrated

in the extreme tail of the distributions of the dependent variable.

Therefore, this study opts for the unconditional quantile regression (UQR)
technique as a complement to the standard linear regressions. The
dependent variable of this study, patent output (LnA), is concentrated in
the extreme tail of the distribution [shown in figure 4.2], and even log
transformation of the dependent variable cannot eliminate this
concentration [shown in Figure 4.3]. Quantile regression is a more flexible
approach that can trace the entire distribution at different points. This
study is interested in the factors that affect the upper and lower quantiles
since the fraction of the patent output (LnA) is concentrated in the extreme

tail of the distribution.
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Figure 4.2: Quantiles of the dependent variable without log transformation
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Figure 4.3: Quantiles of the dependent variable after log transformation (Lnﬁ)
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Moreover, the results of the LR-test for panel-level heteroskedasticity
suggest that the data of this study are not free of heteroskedasticity.
Quantile regression is a semiparametric approach in the sense that it
relaxes the assumptions about the parametric distribution of error terms.
This feature of quantile regression makes it suitable for estimating

heteroskedastic data (Cameron and Trivedi 2010).

Unconditional quantile regression (UQR), as we shall see, permits this
study to analyse the effect of explanatory variables on both the location
and scale functions, thus allowing a better understanding of relationships.
The quantile regression technique has been proven to complement the
least square regressions technique. Quantile regression (QR), introduced
by Koenker and Bassett (1978) and subsequently developed by Koenker
and Bassett (1982), Koenker and Zhao (1996) and Koenker and Hallock
(2001), is the estimator of the conditional quantiles attained by linking
both the location and scale parameters of the model. Later, various
influential works on applied quantile regression, such as the works of
Machado and Mata (2005), Chernozhukov et al. (2013) and Baltagi and
Ghosh (2017) on counterfactual and decomposition analysis, works of
Athey and Imbens (2006) and Firpo (2007) on programme evaluation, the
works of Ma and Koenker (2006), Chernozhukov and Hansen (2008) and
Imbens and Newey (2009) on the triangular system with endogenous
regressor, have helped QRs to gain a considerable appeal as an

estimation technique.
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However, until recently, the application of the quantile regression (QR)
technique has proven to be challenging since the results of the conditional
qguantile regression (CQR) are often not generalisable or interpretable in
the policy or population contexts. The conditional quantile regression
(CQR) technique estimates the effect of an independent variable on a
quantile of the dependent variable conditional on specific values of other
independent variables. The conditional quantile regression (CQR)
technique may produce results that are often difficult to interpret.
Fortunately, Firpo et al. (2009) propose a computationally simple
regression technigue to estimate the impact of changes in the explanatory
variables on the unconditional quantiles of the outcome variable. This
unconditional quantile regression (UQR) approach provides more
interpretable results since this technique marginalises the impact over the
distributions of other explanatory variables in the model (see Borah and

Basu 2013; Sharma et al. 2020).

Methodological details of unconditional quantile regression

Firpo et al. (2009) introduce the unconditional quantile regression (UQR)
method to estimate the unconditional partial effect (UQPE) of small or

marginal changes in the distribution of the explanatory variable X on the
" quantile of the unconditional distribution of ¥. They considered the

following model:

Y = h(X,¢)
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where Y is the dependent variable, X represents the set of explanatory
variables, e is the unobserved error term, and h(.,.) is an unknown
mapping. It is assumed that using the flexible function of i(.,.) is vital for

the richer distributional effects of ¥ and ¥.

To understand the relationships between X and ¥, most regression
models focus on the specific aspect of the distribution of dependent
variable Y. For instance, in a standard linear regression model, the
emphasis is on the conditional mean effects of regressors on the
dependent variable ¥, E(¥|X)= [dF(Y|X). However, for a more
substantive analysis, it is necessary to understand how the variable of
outcome Y changes when the unconditional distribution of X changes.
Drawing an analogy with a standard linear regression estimation, the
interest of the UQR approach lies in understanding the effects on an
unconditional quantile of a small or marginal increase t in the explanatory
variable X. The UQR method, therefore, aims to estimate the
unconditional quantile partial effect (UQPE) defined as the effect of a
small location change in the distribution of a continuous variable X on the
distributional statistic v (F,).

This can be presented as follows

dE[RIF(Y,v)|X = x]

a(v) = J =

dF (x)

where «(v) represents the unconditional quantile partial effect (UQPE)

and RIF(Y,v) indicates the recentred influence function. When the
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distributional  statistcs v of the ™ quantile function s
g, = inf{q: F.(g) = 7}, the recentred influence function RIF(Y,q,) can be
expressed as follows,

T—1(v=gq,)

RIF(Y,q,) = q,
(a0) = a5

where f;.(g.) is the density function of Y evaluated at q_.

Firpo et al. (2009) demonstrate that the unconditional quantile partial
effect (UQPE) is equal to the weighted average of the conditional quantile

partial effect (CQPE) for = going from 0O to 1.

dh(X, e (X)) _

UQPER(7) = E |w_(X). Ix = E[w, (X).CQPE({, (x),x]

where the weight function is defined as w, (X) = fyx(q.lx)/f(q.) , and

the matching function {_: X — (0,1) is as follows,
G (x) ={s: GIYVIX=x] = q,} = Fyx(q:IX = x)

This matching function {.:X — (0,1) shows when the unconditional

quantile g_ falls in the conditional distribution of ¥.

In the case of unconditional quantiles, the parameter of interest «(v) that

dE[RIF (¥a)|E=x]

corresponds to [ =

dF(x) (named as UQPE) can be

estimated by using the RIFs-related linear regression analysis (i.e., RIF-
OLS). Assuming the linear approximation of a relationship between the

dependent variable ¥ and explanatory variables Xs, RIF-OLS is used to
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capture how AF, is related to Aw,. The main difference between the

standard ordinary least square (OLS) technique and RIF-OLS is that RIF-

OLS utilises the estimated RIF(Y¥,v) for every observation of y, in the

dataset as the outcome variable regresses it with respect to all

explanatory variables.
RIF(y;v,F)=X{f+¢,E(5) =0

To get the UQPE on the distributional statistic v (F,), it is required to

attain the unconditional expectations for both sides of the previous

equation; i.e.,

v (F) = E(RIF(y;v,F)) = E(X8) + E(s) = X'B
The estimator for UQPE () is

5 - dv(Fy)
ax,

While the RIF-OLS regression is related to standard OLS regression
analysis, the interpretation of RIF-OLS results differs from the standard
linear regression analysis. The usual interpretation of OLS regression

estimations is that average one-unit changes in X cause £ unit changes in
v; everything else holds constant. On the other hand, the interpretation of
the UQPE estimator is that if the unconditional average change in the
distribution of x, is one-unit (AX,=1), the likely change in the

distributional statistic will be £.
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In Stata, the estimation of RIF_OLS regressions for panel data can easily
be implemented by using the user-written command xtrifreg or rifhdreg.
However, xtrifreg command can estimate panel data only with one fixed
effect. Command rifthdreg is particularly suitable when more than one
high-dimensional fixed effects require to be added in the model estimation

(Correia 2017; Rios Avila 2019).

Finally, to explore the impact of intellectual property protection, political
institutions and financial institutions on innovation output in 98 developed
and developing countries, this study estimates RIF_OLS regressions with

the year and country fixed effects by using the rithdreg command in Stata.

The unconditional quantile regression (UQR) with the country and year
fixed effects can be the appropriate estimation technique for this study in
the following ways. First, it is significant and useful to know the factors
that substantially shift patent output distribution upwards and generate
patent output distribution skewed to the right (i.e., to the developed
countries). UQR regression is the more appropriate approach to fulfil this
aim since it can estimate the unconditional partial effect (UQPE) of the
marginal changes in the explanatory variables for each quantile of interest
of the unconditional distribution of the dependent variable. Second, the
UQR approach is particularly suitable for the estimation of the highly
skewed distribution of the dependent variable since this approach relaxes
the restrictive assumption about the normality of the distribution of the

disturbance term. The relaxation of this assumption permits this study to
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accept country heterogeneity and considers the probability that estimated
slope coefficients could vary at the different quantiles of the distribution of
patent output. Third, the country and year fixed effects allow accounting
for the cross-country and time-series variation of the data. The huge
variation in patent production among the countries may originate from
country variation, and UQR with country fixed effect estimation allows for
controlling the aggregate differences across the countries. Moreover, this
variation originates not solely from variation among the countries but also
from within-country variation in patent output over time, and year fixed
effect can account for the evolving variations in the innovation output level
within the country over the years. UQR with the year and country fixed
effects approach thus allows for shifting the distribution of innovation
output, as measured by patents, based on country characteristics and
over time by the inclusion of country dummies and year fixed effect.
Finally, the result of the UQR estimation is straightforward to interpret.
This approach provides more generalisable results in population contexts,

which may have specific policy implications.

The UQR estimation approach can thereby provide more detailed
information that is complementary to standard linear estimation for a

better understanding of this study’s data.

However, like other standard panel methods, unconditional quantile
regression (UQR) on its own does not address possible bi-directional

causality but allows important insights to be gained by assessment of
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distributional properties of the variables of greater interest for the
research. To overcome this limitation as part of the data analysis,
alternative methods and a number of possible specifications have been
considered to ensure that models are as robust as possible. A range of
diagnostic tests (discussed in the following sub-section 4.4.1) has also
been carried out to avoid misspecification, multicollinearity and

autocorrelation.

4.4 Empirical results and discussions

This section reports and discusses the results of this study in four parts.
Subsection 4.4.1 reports the fixed-effects (FE) panel regression results.
Results of unconditional quantile regression (UQR) are presented in
subsection 4.4.2. Subsection 4.4.3 discusses the results. This subsection
mainly highlights the variation of the effect of regressors on dependent
variable throughout the distribution. It also compares the results of
unconditional quantile regression (UQR) with the results of standard linear
regression (FE). Finally, subsection 4.4.4 analyses the robustness of the

results.

4.4.1 Fixed-effects linear regression for panel data results

Before estimating the fixed-effects linear regression, the stationary
properties for all the concerned variables are checked. Panel unit root
tests are powerful tools for examining the stationarity of the panels
(Maddala and Wu 1999; Breitung and Pesaran 2008). This study chooses

the Levin-Lin-Chu test (Levin et al. 2002), Harris-Tzavalis test (Harris and

233



Tzavalis 1999) and Fisher-type tests to conduct the panel unit root test.
Test results, reported in Table 4.5, provide evidence that a statistically

significant proportion of units are stationary in levels.

Table 4.5: Results of unit root tests for panels

Panels / at least one panel is stationary?

Harris-Tzavalis Levin-Lin-Chu Fisher-type
Lni YES YES YES
IPP YES YES YES
PPP YES YES YES
G YES YES YES
RP YES YES YES
POLI YES NO YES
FI YES YES YES
FD YES YES YES
STOCK YES YES YES
LnHA NO YES YES
LnA h YES YES YES
FDI YES YES YES
LnTP YES YES YES
TRADE YES NO YES
LnGDP YES YES YES

This study performed the LR-test to test for panel-level heteroskedasticity,

and test statistics suggest that data are not free from heteroskedasticity.

To know whether there is any near multicollinearity among the concerned
variables, after estimation of the fixed-effects panel model, this study also

computes the correlation matrix for the coefficients (instead of variance
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inflation factors, since it is not possible to compute VIF for the panel data
model). The correlation matrix of the coefficients, presented in Appendix
Table C2, shows no near multicollinearity among the independent

variables (Chatterjee and Hadi 1986; Hardin 1995).

To detect autocorrelation, this study runs the Wooldridge (2010) test for
autocorrelation in panel-data models developed by Drukker (2003). The p-
values of the Wooldridge test suggest that there is no serial correlation.
However, for a consistent estimate of the standard errors, the cluster-
robust command is used during the fixed-effects panel regression
estimation. Wooldridge (2010) suggests that robust command can
produce a more consistent estimate of standard errors and that, if there is
any serial correlation present in the error-terms, clustering of panels can

generate more consistent estimations of standard errors.

The results of fixed-effects linear regression for panel data estimations
are presented in Table 4.6. Overall findings of the fixed-effects linear
estimations indicate statistically significant and theoretically meaningful
relationships between the different measures of three institutions and

innovation output.

The impact of property rights institutions (L) on patent output (LnA) is
significantly positive. The results of fixed-effects linear regression
demonstrate that coefficients of both measures of property rights
institutions — intellectual property protection (IPP) and protection of private

property (PPP) — have expected positive signs. However, only the
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coefficients of the variable IPP are highly statistically significant. IPP has
positive effects on patent output (LnA), which implies that a country with
higher intellectual property protection has higher innovation output.
Although the magnitude and the statistical significance level of the
coefficient of PPP are not as high as IPP, it also has a positive effect on
patent output (LnA). From the overall results on these two alternative
indicators of the strength of property rights institutions, it is evident that a
country with a better property rights institution can achieve higher

innovation output.

Regarding political institutions (P), it can be observed from the results that
the impact of the first two measures of political institutions — governance
quality (G) and regulatory performance (RP) — on patent output (LnA) are
significantly positive. These results imply that good governance and
higher regulatory performances are associated with higher innovation

productivity.

However, the level of political democracy (POLITY) of a country does not
have a significant effect on innovation. Reflecting on the findings of this
study, Gao et al. (2017) demonstrate that political democracy itself has no
direct positive impact on innovation output. A possible explanation of this
result is that even a pro-market non-democratic government or dictator
can promote innovation activities as a matter of policy choice, without

political or executive constraints (see Glaeser et al. 2004).
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Table 4.6: Fixed-effects (within) regression results

Variable Patent output (Ln4)
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Alternative measures of IP institutions (L)
IPP Intellectual property 0.298™ 1.447™ 0.276™ 0.283™ 0.276™ 0.271™
protection (0.071) (0.215) (0.071) (0.071) (0.071) (0.070)
PPP Protection of private 0.004" 0.003" 0.003™ 0.003™
property (0.002) (0.001) (0.001) (0.001)
Alternative measures of political institutions (P)
G Governance quality 0.123" 0.131" 0.049 0.105 0.021
(0.074) (0.074) (0.078) (0.074) (0.078)
RP Regulatory performance 0.009™ 0.009"
(0.005) (0.005)
POLI Political democracy -0.006 -0.005 -0.006
(0.005) (0.005) (0.005)
Alternative measures financial institutions(F)
FD Depth of the financial 0.020™ 0.004 0.018™ 0.005
system (0.007) (0.004) (0.007) (0.004)
FI Financial intermediary 0.019™ 0.015" 0.015"
development (0.006) (0.006) (0.006)
STOCK Depth of the stock market -0.012™ -0.012™ -0.012™

(0.003) (0.003) (0.003)
Key research inputs

LnHa Human capital devoted to 0.202" 0.192"  0.196™  0.252™  0.209™  0.201™  0.194™  0.226™  0.224™ 0.215™
research (0.043) (0.052)  (0.043)  (0.049)  (0.043) (0.043) (0.043)  (0.043)  (0.043) (0.043)
LnA_h Patent stock 0.273" 0.330"  0.274™  0.430™  0.275™  0.284™  0.282™  0.286™  0.296™  0.284™

(0.032) (0.061) (0.032) (0.057) (0.032) (0.032) (0.032) (0.032) (0.032) (0.032)
Control variable

FDI Foreign direct investment -0.022™ -0.015~ -0.020™ -0.017" -0.021™ -0.021™ -0.021™  -0.018™ -0.018" -0.018"
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)  (0.007)
TRADE Trade openness 0.002™ 0.004™ 0.002™ 0.003™ 0.002™  0.002™  0.002™ 0.003™  0.003™ 0.003™
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
LnTP Market size 0.338™ 0.643™ 0.349™ 0.628™ 0.341™  0.379™  0.386™ 0.355™  0.400™ 0.362™
(0.111) (0.084)  (0.111)  (0.081) (0.111)  (0.112)  (0.112)  (0.111)  (0.112) (0.111)
LnGDP Gross domestic product -0.134 0.446™ -0.075 0.611™ -0.130 -0.095 -0.071 -0.075 -0.036 -0.029
(0.094) (0.098)  (0.090)  (0.094)  (0.094)  (0.094)  (0.090)  (0.094)  (0.095)  (0.090)
Constant -6.604™ -22.619™ -7.045™ -19.341™ -6.628™ -6.768™ -7.011™ -7.546™ -7.885™ -7.901™
(2.243) (1.723) (2.237)  (1.622)  (2.247)  (2.274) (2.249)  (2.249) (2.278) (2.237)
N 2254 1372 2254 1372 2254 2254 2254 2254 2254 2254
R? 0.743 0.843 0.720 0.858 0.731 0.669 0.672 0.719 0.650 0.710
Hausman test (p-value) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, ** at p < 0.05, and *** at p < 0.01
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With respect to financial institutions (F), fixed-effect linear regression
results show that both the financial intermediary development (FI) and the
depth of the financial system (FD) have positive and statistically significant
(p < 0.05) effects on innovation output. However, the effect of stock market

development on patent output is negative.

As expected, key research inputs (Ha), measured by the human capital
engaged in the R&D sector and patent stock, have a positive and
significant impact on patent productivity. These variables appear positive
and significant in all models in Table 4.6. Following Furman et al. (2002),
we can consider all of these variables as the proxy measures for
knowledge stocks of a country. So, these findings indicate that the higher
the individual stock of knowledge of a country, the higher its innovation
rate. This finding of this study is consistent with the study of Schneider
(2005), who finds a significant impact of the knowledge stock of a country

on its national innovation rate.

Trade openness (TRADE) has a positive effect on innovation. Market size,
which is measured by the size of the population (LnTP), is also relevant for
innovation. This variable (LnTP) appears positive and statistically

significant in all regression models in Table 4.6.

Finally, the net inflow of foreign direct investment (FDI) appears to have a
negative impact on innovation output. This finding is consistent with some
previous studies; Connolly (2003), for example, exhibits negative

relationships between FDI inflow and national innovation rate.
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Overall results of fixed-effects linear regression estimations exhibit that
key research inputs or existing knowledge stock such as human capital
devoted to R&D and patent stock are dominant in explaining the
innovation rate of a country. At the same time, institutional arrangements
such as the strength of intellectual property protection, quality of
governance, and financial intermediation also play a role in patent

production.

4.4.2 Unconditional quantile regression (UQR) results

Considering the distributional heterogeneity, an unconditional quantile
regression (UQR) with the fixed effects estimation technique is utilised to
explore the variation in the magnitude of the impacts of different
explanatory variables on patent output (LnA) across the distribution. To be
straightforward, to know the effect of intellectual property rights on
innovation outcomes at the different percentiles in the UQR estimations,
this study chooses intellectual property protection (IPP) as the measure of
intellectual property rights institutions since IPP has been significant in all
the fixed-effects linear regression estimations. Similarly, to observe the
effect of political institutions at different percentiles of the distribution of
patent output, governance quality (G) is chosen from the three alternative
measures of political institutions. Financial intermediary development (FI)

is chosen as the measure of financial institutional development.

Table 4.7 reports the RIF-OLS estimates for the 10t 20, 30", 40t 50t

60", 70, 80", and 90" percentiles of the distribution of patent output
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(LnA). The results of unconditional quantile regression (labelled as UQR)
are also compared with the pooled OLS and fixed-effects panel
regressions (FE) at the corresponding percentiles. To facilitate the
comparison, the specification is first estimated by both the pooled and
fixed-effects of the OLS regression and presented in Table 4.7 (labelled as
OLS and FE, respectively). Overall results of UQR estimations exhibit that
the value of the estimated UQPE coefficients varies throughout the
quantiles, and generally they differ from the benchmark pooled OLS and

fixed-effects (FE) coefficients at different quantiles of the distribution.

Under UQR estimation, the unconditional quantile partial effect (UQPE) of
intellectual property protection (IPP) is found statistically significant for
seven of the nine percentiles (except the 30" and 40" percentiles).
Interestingly, the UQPE of intellectual property protection (IPP) is negative
in the lower quantiles of the patent output (LnA) distribution (at the 10%,
20" and 30" percentiles). The UQPE of intellectual property protection
(IPP) first starts to increase from -0.353 at the 20" percentile to 1.080 at
the 80" percentile, before it starts to decrease (0.608) at the 90¥
percentile. Results presented in Table 4.7 clearly demonstrate that
intellectual property protection has different effects at different points of

the patent output distribution.
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Table 4.7: Unconditional quantile regression (UQR) results

Variable Patent output (LnA)
oLS FE UOR
Tau=10 Tau=20 Tau=30 Tau=40 Tau=50 Tau=60 Tau=70 Tau=80 Tau=90
% % % % % % % % %
IPP Intellectual property 0.476™ 0.298™ -0.285™  -0.353™ -0.158 0.066 0.466™ 0.755™ 0.932™ 1.080™ 0.608™
protection (0.050)  (0.071) (0.105) (0.117) (0.119) (0.131) (0.149) (0.147) (0.171) (0.174)  (0.182)
G Governance quality 0.855™ 0.123" 0.274™ 0593 0.717 0.835™ 1.051™ 1.504™  2.162™ 1.676™  0.550™
(0.049)  (0.074) (0.086) (0.107) (0.116)  (0.130)  (0.139)  (0.135)  (0.174) (0.186)  (0.188)
FI Financial 0.038™ 0.019"  -0.017" -0.029™ -0.034™ -0.025 -0.018 -0.009 0.070™ 0.056™ 0.086™
intermediary (0.006) (0.006) (0.008) (0.010) (0.012) (0.014) (0.017) (0.017) (0.025) (0.027) (0.029)
development
LnHa Human capital 0.070™ 0.202™ 0.170™ 0.274™ 0.326™ 0.265™ 0.069 -0.052 0.043 -0.022 -0.141"
devoted to research (0.024) (0.043) (0.056) (0.059) (0.059) (0.058) (0.062) (0.060) (0.078) (0.071) (0.064)
LnA_h Patent stock 0.350™ 0.273™ 0.177™ 0.226™ 0.197™ 0.180™ 0.532™ 0.688™ 0.661™ 0.453™ 0.508™
(0.024)  (0.032) (0.048) (0.052) (0.054)  (0.060)  (0.066) (0.063)  (0.080) (0.077)  (0.088)
FDI Foreign direct -0.034™  -0.022™ 0.030™ -0.002 -0.081™ -0.114™ -0.111™ -0.082™ -0.055" -0.007 0.012
investment (0.013)  (0.007) (0.011) (0.030) (0.019) (0.021) (0.022) (0.016) (0.029)  (0.029)  (0.026)
TRADE Trade openness 0.002" 0.002" 0.001* 0.002" 0.003™  0.007™  0.010™ 0.013™ 0.007™ 0.001 -0.011™
(0.000) (0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.001)
LnTP Market size 0.709™ 0.338™ 0.255™ 0.380™ 0.553™ 0.878™ 0.881™ 0.979™ 1.249"™ 1.029™ 0.618™
(0.028)  (0.111)  (0.054) (0.059) (0.061)  (0.067) (0.078)  (0.078)  (0.104)  (0.103)  (0.104)
LnGDP  Gross domestic 0.682™ -0.134 0.212™ 0.289™ 0.368™ 0.796™ 0.813™ 0.818™ 1.107™ 1.145™ 0.928™
product (0.029)  (0.094) (0.068) (0.073) (0.072)  (0.075)  (0.074)  (0.070)  (0.092)  (0.097)  (0.121)
N 2254 2254 2254 2254 2254 2254 2254 2254 2254 2254 2254

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, ** at p < 0.05, and *** at p < 0.01
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Results also show that the magnitudes of the UQR coefficients of IPP at the
lower quantile (i.e., 10" percentile = -0.285) and upper quantile (i.e., 90t
percentile = 0.608) of the patent output distribution noticeably differ from the
magnitude of benchmark pooled OLS and fixed-effects (FE) coefficients of

IPP (which are 0.476 and 0.298, respectively).

Regarding the UQR results of governance quality (G), all the nine UQPEs of
governance quality on patent output (LnA) are significantly positive (p <
0.01), with the effect being more pronounced in the middle of the distribution
of patent output distribution. The UQR coefficients show an inverted U-
shaped trend of the impact of governance quality throughout the patent
output distribution as it first increases from 0.274 at the 10" percentile to
2.162 at the 70" percentile and then starts to decrease to 1.676 at the 80t
percentile. Results also show that the UQPE of governance quality widely
differs in magnitude from both the benchmark pooled OLS and fixed-effects

(FE) coefficients at the middle quantiles of the patent output distribution.

The UQR results on financial intermediary development (FI) show that the
UQPE of financial intermediary development on patent output is significantly
negative in the lower tail (at the 10", 20", 30" and 40" percentiles) and
significantly positive at the upper tail (at the 70™, 80" and 90" percentiles) of
the patent output distribution. However, the UQPE of financial intermediary
development on patent output is not statistically significant at the 50" and
60" percentiles of the patent output distribution. In magnitude, the highest
negative UQPE of financial intermediary development on patent output is -

0.034 at the 30" percentile, and the highest positive UQPE of financial
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intermediary development on patent output is 0.086 at the 90" percentile,
which is substantially different from the benchmark pooled OLS and fixed-

effects (FE) coefficients (which are 0.038 and 0.019, respectively).

Concerning the results of key research inputs, the UQPE of human capital
devoted to R&D (LnHa) on patent output is significantly positive (p < 0.01) in
the lower quantiles of the patent output distribution (at the 10, 20t 30", and
40" percentiles). Note, however, that the coefficient at the 50™, 60™, 70" and
80" percentiles is not statistically significant. Under UQR estimates, all nine
UQPE coefficients of the effect of another measure of key research inputs,
patent stock (LnA_h), are significantly positive. Results indicate that the
magnitude of the UQPE of patent stock on patent output is lowest in the
lower tail of the patent output distribution (0.177 at the 10" percentile) with
the increase as it moves through the upper percentiles up to 0.688 at the 60™

percentile and then it begins to decrease.

Finally, UQR estimation results for control variables are also more
informative. The UQR coefficients on all control variables vary at different
guantities, and they are also noticeably different from the benchmark pooled
OLS and fixed-effects (FE) coefficients at the extreme tails of the distribution.
For instance, the UQPE of foreign direct investment (FDI) on patent output is
negative throughout the distribution, except for the 10" and 90" percentiles,
but this negative effect is more evident in the middle quantiles of the

distribution.

The UQR coefficients for the effect of trade openness on patent output are

positive throughout the patent output distribution except for the 90"
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percentile. The UQR results show that the effect of trade openness is the
highest in magnitude at the 60" percentile, which is 0.013 at the 1%

significance level.

Under UQR estimations, the effect of both the market size (LnTP) and GDP
level on patent output demonstrates an inverted U-shaped effect in

magnitude.

From the UQR results, it can be observed that the magnitude of the UQPE
for both of these variables are lowest at the 10" percentile (0.255 and 0.212,
respectively) with the effects of both variables being more noticeable in the
middle of the patent distribution and then again narrowing off monotonically

as coefficients move through the upper quantile of the distribution.

4.4.3 Results discussions and policy implications: Heterogeneous

effects of institutions on patent output

Results demonstrate that the standard linear regression cannot present
complete information on the heterogeneous effects of determining factors of
patent production across different points of the patent output distribution. The
differences between standard linear regression and unconditional quantile
regression (UQR) estimates are illustrated in detail in Figure 4.4 and 4.5,
which plots both the OLS and UQR estimates for some important covariates
at 19 different percentiles (from the 5™ to the 95" percentiles). Both the

pooled and fixed-effects of the OLS estimates are also reported.
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Note: The red line traces the unconditional quantile regression (UQR) point estimates, while
the blue dash-line and green line trace the pooled and fixed-effects OLS regression
estimates, respectively. The dark shade is the 95% confidence bands for the UQR

estimates.

Figure 4.4: The plot of standard linear regression and UQR for patent output (LnA)
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As seen in Table 4.7 and Figure 4.4, the UQR approach goes further from
the standard OLS regression technique in the sense that UQR estimators
identify how the determinants of patent production have heterogeneous
impacts throughout the patent output distribution (Borah and Basu 2013;
Baltagi and Ghosh 2017; Blau and Kahn 2017; Ma et al. 2019)?’. The
lower quantiles, such as the 10", 20" and 30™ percentiles, refer to the
countries with lower patent output (i.e., least innovative countries) — for
example, Kenya, Egypt, Peru and Latvia. The middle quantiles, such as
the 40™, 50" and 60" percentiles, refer to the countries with the average
patent output — for example, Brazil, India, Malaysia and Mexico. The upper
quantiles, such as the 70", 80 and 90" percentiles, refer to the countries
with the highest patent output (most innovative countries) — for example,

Japan, South Korea, Canada and the UK.

Generally, the UQR results show that the impacts of the concerned
institutions on patent output are clearly heterogeneous. For instance, the
UQPEs of intellectual property protection on patent output are significantly
negative at the lower quantiles and significantly positive at the upper
quantiles of the patent output (LnA) distribution. This finding of the UQR
approach demonstrates that the impact of the strengthening of intellectual
property protection on innovation output depends on the level of

technological development of the country. This result implies that the

27 Among others Borah and Basu (2013), Blau and Kahn (2017), Baltagi and Ghosh (2017) and
Ma et al. (2019) also demonstrate that for the highly skewed distribution the effects of
explanatory variables can vary across different parts of distributions.
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strengthening of IPR reduces innovation output in the countries with the
least technological development level, and only the countries with the
above-average level of technological development can exert more
innovation output through the strengthening of intellectual property
protection. This finding is supported by the theoretical argument and past
empirical evidence. Helpman (1993), for instance, argues that tight IPR
protection can hurt the innovation capabilities of domestic firms in the
technologically underdeveloped countries by bringing about the
reallocation of manufacturing in those countries towards the higher-priced
products of technologically developed countries, which eventually reduces
the country’s innovation ability in the long run (see also Chin and
Grossman 1988; Segerstrom 1991; Chen 2018). When countries are far
behind the world technology frontier, firms pursue an adoption-based
strategy and, at this stage, strong IPR protection prevents firms from
adaption (Acemoglu et al. 2006; Konig et al. 2016). When countries come
closer to the world technology frontier and firms switch from imitation to
innovation strategy, only then does countries’ innovation output increase
with the increase of their IPR protection (see for existing empirical
evidence: Chen and Puttitanun 2005; Allred and Park 2007; Kim et al.

2012; Sweet and Maggio 2015).

Similarly, heterogeneous effects are shown by the UQR results regarding
the effects of governance quality (G) on innovation output. The UQPE of
governance quality on patent output is significantly higher in the middle tail

than the upper and lower tails of the patent output distribution.
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Note: The red line traces the unconditional quantile regression (UQR) point estimates, while
the blue dash-line and green line trace the pooled and fixed-effects OLS regression
estimates, respectively. The dark shade is the 95% confidence bands for the UQR estimates.

Figure 4.5: The plot of standard linear regression and UQR for patent output (LnA)
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This result indicates that any small change in the governance quality in the
country with the average patent productivity can have a higher impact on
innovation output. By improving governance quality such as controlling
corruption, implementing market-friendly regulatory policies and
establishing an effective judiciary system, a technologically less developed
country can boost the rate of innovation (Tebaldi and Elmslie 2013; Canh
et al. 2019). The unconditional quantile effects of financial intermediary
development (FI) on patent output are also different throughout the
distribution of patent output with the more pronounced effect at the upper
tail. This finding indicates that financial intermediation appears to have a
significantly higher positive impact on innovation outcomes in the countries

with a higher patent production rate.

Previous works have studied the effects of intellectual property protection
(i.e., Schneider 2005; Aghion et al. 2015; Sweet and Maggio 2015), quality
of political institutions (e.g., Tebaldi and Elmslie 2013; Gao et al. 2017;
Canh et al. 2019; Huang and Yuan 2019) and financial institutional
development (i.e., Ho et al. 2018; Chu et al. 2020; Zhu et al. 2020) on
technological innovation and demonstrate that institutional qualities are the
determinants of innovation rate of the countries. This study, however,
employs a more flexible UQR approach and provides complete information
for assessing the cross-country variation of the impacts of concerned
institutions on innovation output. Naturally, by focusing only on the central
tendency of the patent output distribution, standard linear estimators do

not allow for the possibilities that the effects of influencing factors of idea
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production on patent output can be different for the least and highest
innovative countries. Clearly, policymakers can find these UQR results on
the effects of institutions a more useful policy tool, in the sense that the
policymaker can exert more innovation output in the least technologically
developed countries or regions by improving the qualities of concerned
institutions, namely by ensuring appropriate intellectual property
protection, improving government qualities, and providing finance to the

innovators.

Moreover, the UQR results of this study relating to the impacts of the key
research inputs on patent output are found to be heterogeneous. In Table
4.7 and Figure 4.5, it is clearly observed that the impact of the human
capital devoted to research (LnHa) on patent output is significantly positive
in the lower tail of the patent output distribution. The policy implication of
this result is that a country with a lower patent output can produce more
innovation output through investing more capital in research and
development (R&D). The unconditional effects of another research input,
patent stock (LnA_h), are also shown as heterogeneous at the different
guantiles of the patent output distribution. Previous studies, among others
Pakes and Griliches (1980), Furman et al. (2002), Ang (2011) and Ho et
al. (2018), also found R&D and patent stock as the key determinants of
patent production. However, they employed traditional linear regression

approaches to conduct their analyses.

Furthermore, the UQR approach also identifies that the additional

determinants of idea production (i.e., control variables of this study) can
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impact patent output differently at the different quantiles of distribution,
which cannot be revealed in the standard linear regression approach [see
Table 4.7 and Figure 4.5]. For example, the UQPE of foreign direct
investment (FDI) on patent output exhibits a U-shaped trend through the
distribution. However, the overall UQR results demonstrate that foreign
direct investment has a negative effect on countries’ idea production,
specifically for those countries with average patent output. This finding of
this study may be indicative of the fact that the increased FDI transfer
through the channel of products transfers instead of producing
technologies inside the host countries. The benefits of increased FDI
depend critically on whether this increased FDI transfers through the
channel of producing technology inside the host countries or through
undertaking the projects focusing on distribution instead of producing
within the host countries (Javorcik 2004; Javorcik and Spatareanu 2008;
Demir and Duan 2018). Similarly, the unconditional effects of trade
openness on patent output are significantly positive in the middle of the
distribution (see for past evidence: Fracasso and Marzetti 2015). Both the
market size and GDP level appear to have significantly higher effects in
the upper quantiles of the distributions. The advantage of using the UQR
estimation framework is, thus, apparent in the policy situations where the
policymakers can decide to intervene on the determinants of innovation

according to the existing technological development level of the regions.

The empirical findings are summarised and compared to the hypotheses

of this study in Table 4.8.
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Table 4. 8: The hypothesis / expected sign of the variables and findings

Variable  Full variable name Hypothesis / Expected sign Findings
Intellectual property
IPP : . o
protection The more the strength of property rights institutions of the country, the
. . more positive the effect of them on producing new to the world 17U
Protection of private , :
PPP technology as measured by the country's patent production.
property
G Governance quality
Regulatory The stronger the political institutions of the country, as captured by the
RP performance political environment and quality of governance, the higher it is to T'ue
produce new to the world technology.
POLI Political democracy
D Depth of the financial
system The more developed the country's financial institutions, the higher the
. . . production of the new to the world technology in that country as True
Financial intermediary . .
FI measured by the country's patent production.

development
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4.4.4 Robustness analysis

To check the reliability of results, this study conducts different robustness

tests and that includes alternative model specifications.

First, this study tests whether the results vary based on the country biased
through estimating the main empirical specification without the USA and
adding exports to the USA (Expo_US) as the additional control variable in
the specification. The motivation for this test is that this study uses the
patents granted by the United States Patent and Trademark Office
(USPTO) as the measure of innovation output (the variable of interest),
and in the sample, the USA has the highest patents as a single country.
This study, therefore, estimates the main specification by eliminating the
USA data from the sample to check whether there are differential results
without the USA. Table 4.9 presents the fixed-effect linear regression
estimates, and Table 4.10 presents the unconditional quantile regression
(UQR) estimates. The results presented in Tables 4.9 and 4.10 are almost
similar to the main fixed-effect linear estimation and UQR results of this
study. Overall, this study does not find evidence that the USA biased can

drive the results extensively bias.

Second, to check the robustness of the results, this study estimates the
empirical specification by using the patent application as the alternative

measure of innovation.
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Table 4.9: Fixed-effects (within) regression results — without the USA and controlling for the exports to the USA by the other countries

Variable Patent output (Ln)
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Alternative measures of IP institutions (L)
IPP Intellectual property protection 0.389™ 0.541™ 0.356™ 0.362™ 0.353™ 0.348™
(0.079) (0.209) (0.078) (0.078) (0.078) (0.078)
PPP Protection of private property 0.004" 0.003" 0.003" 0.004™
(0.002) (0.001) (0.001) (0.001)
Alternative measures of political institutions (P)
G Governance quality 0.054 0.071 0.015 0.060 0.027
(0.073) (0.073) (0.077) (0.073) (0.077)
RP Regulatory performance 0.009™ 0.010™
(0.004) (0.005)
POLI Political democracy -0.005 -0.006 -0.005
(0.005) (0.005) (0.005)
Alternative measures financial institutions(F)
FD Depth of the financial system 0.022™ 0.007" 0.018™ 0.008"
(0.007) (0.004) (0.007) (0.004)
Fl Financial intermediary 0.024™ 0.018™ 0.018™
development (0.006) (0.006) (0.006)
STOCK Depth of the stock market -0.004 -0.004 -0.004

(0.003) (0.003) (0.003)
Key research inputs

LnHa Human capital devoted to 0.186™ 0.191™ 0.185™ 0.286™ 0.194™ 0.187™ 0.184™ 0.203™ 0.203™ 0.195™
research (0.042) (0.051) (0.042) (0.050) (0.042)  (0.043)  (0.043) (0.042)  (0.043)  (0.042)
LnA h Patent stock 0.238™ 0.266™ 0.237™ 0.385™ 0.238™ 0.233™ 0.228™ 0.241™ 0.236™ 0.239™
(0.033) (0.062) (0.033) (0.059) (0.033)  (0.033)  (0.033) (0.033)  (0.033)  (0.033)
Control
FDI Foreign direct investment -0.013" -0.019™ -0.012 -0.020™ -0.012 -0.013" -0.013" -0.011" -0.012 -0.011
(0.007) (0.006) (0.007) (0.007) (0.007)  (0.007)  (0.007) (0.007)  (0.007)  (0.007)
TRADE Trade openness 0.020 0.038™ 0.021 0.050™ 0.021 0.016 0.016 0.020 0.015 0.020
(0.017) (0.016) (0.017) (0.016) (0.017)  (0.017)  (0.017) (0.017)  (0.017)  (0.017)
Expo_US Exports to the USA 0.060™ 0.054" 0.061™ 0.040" 0.062™ 0.073™ 0.074™ 0.063™ 0.074™ 0.062™
(0.014) (0.023) (0.014) (0.023) (0.014)  (0.013)  (0.013) (0.014)  (0.013)  (0.013)
LnTP Market size 0.263™ 0.500™ 0.268" 0.464™ 0.261" 0.288™ 0.290™ 0.250™ 0.287™ 0.257"
(0.109) (0.084) (0.110) (0.081) (0.110)  (0.111)  (0.110) (0.110)  (0.111)  (0.110)
LnGDP Gross domestic product -0.149 0.324™ -0.123 0.482™ -0.158 -0.142 -0.143 -0.147 -0.134 -0.116
(0.097) (0.099) (0.092) (0.095) (0.097)  (0.097)  (0.093) (0.098)  (0.098)  (0.093)
Constant -5.463" -19.128™ -5.577" -16.494™ -5.268" -4.671" -4.591" -5.167" -4.764" -5.432"
(2.263) (1.733) (2.245) (1.622) (2.270)  (2.274)  (2.233) (2.269)  (2.280)  (2.243)
N 2231 1358 2231 1358 2231 2231 2231 2231 2231 2231
R? 0.693 0.834 0.657 0.853 0.678 0.605 0.596 0.665 0.586 0.646

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, ** at p < 0.05, and *** at p < 0.01
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Table 4.10: Unconditional quantile regression results — without the USA and controlling for the exports to the USA by the other countries

Variable Patent output (LnA)
OoLS FE UQR
Tau=10% Tau=20% Tau=30% Tau=40% Tau=50% Tau=60% Tau=70% Tau=80% Tau=90%
IPP Intellectual property 0.458™ 0.243™ -0.256" -0.306™ -0.104 0.135 0.523™ 0.864™ 1.079™ 1.113™ 0.535™
protection (0.049) (0.071) (0.103) (0.114) (0.116) (0.128) (0.145) (0.146) (0.168) (0.170) (0.146)
G Governance quality 0.874™ 0.152" 0.233™ 0.538™ 0.657™ 0.767™ 0.978™ 1.470™ 2.045™ 1.876™ 0.870™
(0.048) (0.074) (0.085) (0.106) (0.114) (0.128) (0.136) (0.133) (0.169) (0.177) (0.146)
Fl Financial 0.033™ 0.017™ -0.010 -0.018" -0.021 -0.008 -0.000 0.006 0.112™ 0.072™ 0.044™
intermediary (0.006) (0.006) (0.007) (0.009) (0.011) (0.014) (0.016) (0.017) (0.025) (0.027) (0.022)
development
LnHa Human capital 0.097™ 0.193™ 0.140" 0.236™ 0.285™ 0.219™ 0.026 -0.032 -0.035 0.083 0.042
devoted to research (0.023) (0.043) (0.055) (0.057) (0.057) (0.057) (0.062) (0.058) (0.074) (0.068) (0.056)
LnA_h Patent stock 0.322™ 0.228"™ 0.206™ 0.257™ 0.231™ 0.218™ 0.532™ 0.634™ 0.668™ 0.304™ 0.227™
(0.023) (0.033) (0.047) (0.051) (0.053) (0.059) (0.067) (0.061) (0.078) (0.075) (0.073)
FDI Foreign direct -0.037™ -0.020™ 0.031™ 0.001 -0.076™ -0.109™ -0.107™ -0.093™ -0.054" -0.021 0.012
investment (0.012) (0.007) (0.0112) (0.030) (0.018) (0.021) (0.022) (0.018) (0.028) (0.029) (0.020)
TRADE Trade openness 0.002™ 0.002™ 0.001" 0.001™ 0.003™ 0.006™ 0.009™ 0.012™ 0.005™ -0.000 -0.010™
(0.000) (0.001) (0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.001)
Expo_US Exports to the USA 0.080™ 0.072™ -0.080™ -0.092™ -0.099™ -0.114™ -0.099™ -0.012 0.080™ 0.280™ 0.644™
(0.008) (0.014) (0.008) (0.009) (0.009) (0.0112) (0.013) (0.017) (0.026) (0.030) (0.038)
LnTP Market size 0.655™ 0.251" 0.302™ 0.437™ 0.615™ 0.954™ 0.986™ 1.005™ 1.165™ 0.901™ 0.254™
(0.028) (0.112) (0.054) (0.058) (0.060) (0.066) (0.077) (0.076) (0.101) (0.101) (0.093)
LnGDP Gross domestic 0.602™ -0.266™ 0.293™ 0.385™ 0.471™ 0.915™ 0.939™ 0.803™ 0.943™ 0.890™ 0.285™
product (0.029) (0.097) (0.070) (0.074) (0.073) (0.075) (0.076) (0.071) (0.090) (0.090) (0.077)
N 2231 2231 2231 2231 2231 2231 2231 2231 2231 2231 2231

Note: (1) Robust standard errors are in brackets. (2) Significance shows * at p < 0.10, ** at p < 0.05, and *** at p < 0.01
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Both the linear fixed-effects estimations (presented in Appendix Table C4)
and UQR estimates (presented in Appendix Table C5) do not provide any
such evidence that results substantially change due to the change of the

measure of innovation.

Third, by using R&D expenditures (RDEXx) and patent stock granted by the
USPTO (LnA_US) as the alternative measures of key research inputs, the
empirical specification is estimated. Again, both the fixed-effects estimations
(presented in Appendix Table C6) and UQR estimates (presented in

Appendix Table C7) confirm that the main results of this study are robust.

Finally, to know the lagged effects, the specification of this study is estimated

by using patents granted by the USPTO for the year (t-2) as a lag variable.

The UQR results represented in Appendix Table C8 provide little evidence
that lagged effects can change the main results substantially. The results of
these four robustness tests largely support that the main results of this study

are robust.

4.5 Conclusions

The objective of this study is to examine the impact of property rights
protection, quality of political institutions and performance of financial
institutions on innovation output across countries, a topic which has drawn
substantial interest but for which there is a lack of empirical evidence. To
achieve the objective, this study introduces an extended idea production
function framework based on Romer (1990) by integrating concerned

institutional components with the traditional inputs of idea production, and
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from this extended framework, this study obtains the empirical specification
to estimate. Considering the distributional heterogeneity of innovation output,
this study utilises the unconditional quantile regression (UQR) with fixed
effect approach, which permits this study to analyse the effect of explanatory
variables on both the location and scale parameters instead of focusing only
on the central tendency, thus allowing a better understanding of the regional

variations in patent production.

The results suggest that along with the traditional research inputs, the
strength of intellectual property rights institutions, quality of governance and
performance of financial institutions are the significant determinants of
innovation output measured by the patent production. Compared with the
fixed-effects linear regression analysis, the unconditional quantile regression
(UQR) analysis provides more detailed information on the influence of
institutions and other determinants at the different innovation output levels.
The results of the UQR approach reveal that the magnitude of the impact of
intellectual  property institutions, quality of governance, financial
intermediation and other determinants on patent production are

heterogeneous across quantiles of patent output distribution.

The results of this study have several clear policy implications. First, the UQR
results suggest that there is no one size fits all policy approach; instead,
there is a need for a differentiated regional innovation policy approach
(Todtling and Trippl 2005). Results indicate that institutional components
have a significant influence on innovation output, and there is a cross-country

variation of this influence. The same innovation policy approach can have a
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different impact on innovation performance depending on the institutional
qualities of the specific regions. So different countries require different types
of innovation policies, and even the same country requires different
interventions for its different regions. Second, unconditional quantile partial
effects (UQPE) of intellectual property protection and governance quality are
more pronounced in magnitude at the upper-middle quantiles of the patent
production distribution. These quantiles refer to the countries with above-
average level patent production; for example, China, India, and Brazil. In a
hypothetical policy situation, policymakers in these emerging countries can
attain more innovation output by improving the qualities of the concerned
institutions, namely by protecting intellectual property, controlling corruption,
implementing pro-market policies, and improving government qualities. Third,
results indicate that regulatory performance is a significant determinant of
innovation output, but political democracy is not. This implies that even a
non-democratic government can promote innovation as a matter of policy
choice, not a political constraint (Glaeser et al. 2004; Gao et al. 2017).
Securing intellectual property rights, improving regulatory qualities, and
spending more resources in R&D can be the de facto innovation policy

approach.

As a whole, this study explores a longstanding empirical puzzle of the large
cross-country variation in the innovation outcomes by connecting the
institutional factors behind this variation. The UQR approach of this study
reveals some useful insights into the complex relationships between

institutional performance and innovation ability across the countries.

258



Appendix C

Table C1: Number of patents granted by the USPTO by country over time

Number of patents granted by the USPTO

Year

c ) 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
ountry
Argentina | 30 35 43 44 54 51 54 63 46 24 38 37 32 45 45 49 63 75 71 66 82 84 79
Australia | 471 478 720 707 705 876 859 902 953 910 1325 1265 1291 1221 1748 1921 1525 1632 1693 1627 1549 1673 1656
Austria 362 376 387 479 505 589 530 592 540 463 577 457 464 503 727 753 858 1009 1180 1156 1365 1520 1403
Azerbaijan 2 0 0 1 1 0 0 1 1 0 1 2 2 0 0 2 1 1 2 1 1 2 1
Bahrain 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 2 3 1 3 2 5
Belarus 4 2 7 5 3 7 2 5 2 2 5 8 7 5 7 3 7 6 7 8 12 12 9
Belgium 488 515 693 648 694 718 722 622 612 519 625 520 510 594 820 802 866 1062 1220 1133 1232 1312 1276
Bolivia 1 0 1 1 2 0 0 0 0 0 0 0 1 1 0 1 0 2 1 1 0 1 1
Bosnia and
r:rzegovi 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 3 0 0 0 2 2 2
Brazil 63 62 74 91 98 110 96 130 106 77 121 90 101 103 175 215 196 254 334 323 310 374 371
Bulgaria 1 5 1 2 1 3 3 9 3 3 3 6 16 36 58 43 24 29 48 31 52 37 38
Canada 2232 2379 2973 3226 3418 3606 3432 3427 3374 2894 3572 3318 3394 3655 4852 5015 5774 6547 7041 6802 6543 6931 6518
Chile 4 5 16 12 15 13 11 11 15 9 14 25 13 21 22 35 37 54 63 75 48 48 46
(Continued)
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Table C1 (Continued)

Year

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Countr

a9 | 88 81 160 155 176 237 234 276 312 283 310 341 311 307 432 420 533 541 605 602 657 707 693

China,

Macau sar. | 1 0 0 0 0 0 1 1 0 1 2 0 1 2 1 6 3 10 11 16 28 32 43
China,

People's 46 60 73 90 118 196 288 297 403 402 659 770 1222 1653 2654 3173 4637 5928 7239 8117 10469 13248 14488
Republic Of

Colombia | 6 10 4 6 8 12 6 10 10 7 5 3 12 7 6 6 12 16 21 33 27 25 37
CostaRica | 1 7 1 8 7 3 3 6 0 3 5 3 4 12 8 14 9 9 12 8 13 12 22
Croatia 4 10 13 16 6 8 12 183 9 12 14 15 14 16 9 16 22 17 26 11 13 18 15

Cpus |0 2 0o o0 1 1 1 O 1 6 4 3 1 4 2 2 5 8 12 9 15 7 13

Czech
Riﬁﬁbnc 5 14 13 24 32 23 31 41 31 25 34 37 48 44 74 93 127 167 182 191 203 283 325

Denmark | 241 333 392 487 436 479 426 529 414 359 439 388 391 390 605 730 850 921 1051 1012 1070 1106 1122
Ecuador | 0 0 3 4 0 4 0 3 3 2 3 5 2 3 0 2 2 2 3 1 3 3 3

Egypt 3 1 0 3 8 6 5 6 4 7 4 12 2 3 16 21 25 34 45 30 41 43 49

El
salvador | O 1 1 0 0 3 0 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 0

Estonia | 1 0 0 1 4 1 4 3 2 5 2 7 2 3 15 11 25 41 32 38 29 36 34
Finland | 444 452 595 649 618 732 809 865 918 720 950 850 824 864 1143 951 1064 1221 1338 1376 1504 1598 1444

France 2788 2958 3674 3820 3819 4041 4035 3868 3380 2866 3431 3130 3163 3140 4450 4532 5386 6083 6691 6565 6424 6815 6469

(Continued)
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Table C1 (Continued)

c Ytear 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
ountr
Georgia
ng;apublic 0 1 0 1 0 2 5 1 4 3 3 5 2 1 2 3 2 4 4 2 2 1 0
Germany | 6818 7008 9095 9337 10235 11260 11280 11444 10779 9010 10006 9051 8914 9000 12363 11919 13835 15498 16550 16548 15926 16846 16032
Ghana |0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 0
Greece |18 12 16 23 18 26 20 22 15 15 20 20 23 34 47 58 82 65 62 69 63 115 89
f,jgatem 2 2 2 1 2 o o0 3 o0 1 1 o0 3 0 1 o0 2 0 2 3 o0 1 1
Honduras | 1 0 4 2 1 0 2 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0
Hungary |43 25 50 39 36 60 48 72 48 46 49 47 66 46 91 100 105 134 159 143 177 173 125
Iceland | 4 3 7 11 17 19 13 14 20 20 22 19 26 24 22 22 21 22 43 51 43 53 41
India 35 47 85 111 131 178 249 342 363 384 481 546 634 679 1098 1234 1691 2424 2987 3355 3658 4161 4225
Indonesia 5 5 6 4 7 9 4 10 3 5 5 3 6 7 8 15 9 20 25 20 10
Iran 0 0 1 0 2 0 0 0 1 2 3 2 6 7 16 25 35 28 27 31 41 54
Ireland 77 71 71 90 121 141 127 163 186 156 174 146 164 177 252 304 337 431 466 473 562 560 635
Israel 484 534 754 743 783 970 1040 1193 1028 924 1218 1107 1166 1404 1819 1981 2474 3012 3472 3628 3711 4092 3996
Italy 1200 1239 1584 1492 1714 1709 1751 1722 1584 1296 1480 1302 1357 1346 1798 1885 2120 2499 2628 2645 2668 2718 2802
Jamaica | 1 0 1 1 2 1 2 1 1 1 0 1 4 3 4 1 2 3 6 9 4 9 2
Japan 23053 23179 30840 31103 31295 33222 34858 35515 35345 30330 36807 33354 33682 35500 44812 46139 50677 51919 53845 52408 49798 49677 47566
Jordan 1 4 2 1 0 3 1 1 1 0 1 2 0 1 0 5 3 6 7 11 4 15 15
(Continued)
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Table C1 (Continued)

Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

Country
Kazakhstan | 1 1 1 4 3 2 1 2 2 1 2 1 1 1 0 1 3 1 5 3 2 3
Kenya 2 1 0 2 1 4 1 5 6 9 3 1 4 7 1 3 0 3 5 5 2 6 11
gg[ﬁﬁ' 1493 1891 3250 3562 3314 3538 3786 3944 4420 4352 5008 6294 7548 8763 11672 12262 13233 14548 16471 17924 19496 20717 19780
Kuwait 2 2 1 10 8 6 8 7 4 3 7 6 15 15 14 24 32 84 98 64 46 46 33
Latvia 0 0 1 3 1 1 0 4 2 2 2 1 1 5 3 3 5 4 10 4 10 6 6
Lithuania | 0 2 3 1 0 4 2 1 1 3 9 4 11 3 8 9 5 6 5 12 21 18 13
Luxembourg | 18 22 20 22 40 33 37 35 44 41 33 38 24 36 31 40 42 54 43 51 47 56 46
Malaysia |12 17 23 30 42 39 55 50 80 87 113 158 152 157 201 160 210 214 259 256 275 251 243
Malta 0 1 1 0 2 2 1 3 1 1 2 1 2 6 3 4 3 7 6 4 13 7 5
Mexico 39 45 57 76 75 81 94 85 86 80 66 55 54 60 101 90 122 155 171 172 224 288 327
Moldova | O 0 0 0 0 0 1 1 3 1 0 0 0 0 0 0 0 0 1 0 1 1 1
Mongolia | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0
Morocco | 1 0 1 2 1 1 0 1 1 1 3 1 4 1 1 3 2 1 1 3 0 2 6
Netherlands | 797 808 1226 1247 1241 1332 1391 1325 1273 993 1322 1250 1330 1288 1615 1742 1904 2252 2506 2399 2567 2721 2700
gee;\lland 52 85 114 114 107 124 140 135 142 122 136 113 105 127 168 180 223 247 261 268 261 304 320
(Continued)
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Table C1 (Continued)

Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

Country
Nicaragua | Q 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0
Nigeria 0 2 2 0 2 1 4 4 1 0 0 0 1 0 0 1 3 1 0 0 0 1 2
Norway 139 142 198 224 248 265 242 262 243 220 244 247 273 265 399 366 444 475 546 625 599 618 602
Oman 0 0 0 0 0 0 0 0 0 1 0 0 5 1 1 3 3 3 2 4 1 6 3
Pakistan | 1 0 2 0 5 2 1 0 2 3 2 1 3 3 2 4 13 12 10 16 16 21 17
Panama | 1 0 0 1 2 1 1 2 2 0 0 0 3 2 3 1 5 2 2 2 6 8 6
Paraguay | O 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 0
Peru 3 1 5 3 2 4 1 4 6 3 3 2 0 1 1 5 3 3 5 5 5 12 5
Philippines | 4 4 8 11 2 12 14 22 21 18 35 20 16 23 37 27 40 27 44 42 44 66 70
Poland 15 11 15 19 13 16 11 17 16 23 29 32 54 35 39 57 77 94 162 200 225 259 251
Portugal | 3 8 11 5 11 12 11 12 17 10 16 13 11 17 28 30 40 60 36 56 74 100 102
Qatar 0 0 0 0 1 0 0 0 0 0 2 0 1 2 0 1 4 7 5 6 13 21 28
Romania | 4 1 3 4 4 10 3 7 9 7 9 11 12 8 16 34 44 60 66 71 94 94 96
E:csi:ig;ion 116 111 189 181 183 234 200 203 169 148 172 188 176 196 272 298 331 417 444 440 511 541 533
i?;g; 12 14 14 12 19 12 10 19 15 18 19 20 30 22 58 61 170 237 294 360 452 571 686
(Continued)
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Table C1 (Continued)

Year

Countr

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

Serbia 0 0 0 0 0 0 0 0 0 0 0 7 4 1 4 7 11 8 9 6 17 18 27
Seychelles | 0 0 0 0 0 0 0 0 0 2 0 1 0 0 1 0 1 3 1 2 3 2
Singapore | 88 94 120 146 218 296 410 427 449 347 412 393 399 437 604 648 810 798 947 966 979 1000 989
Slovakia | 1 3 2 5 4 1 8 6 5 0 4 5 5 10 17 18 17 12 20 26 27 37 38
Slovenia | 10 7 18 10 16 21 16 18 21 12 21 16 14 22 24 29 39 42 46 38 59 50 55
i]f’riuctg 111 101 115 110 111 120 113 112 100 87 109 82 91 93 116 123 142 161 152 166 181 182 145
Spain 157 177 248 222 270 269 303 309 264 273 295 268 303 317 414 469 642 711 789 818 768 857 873
s . /1 1 1 0o 1 1 1 1 1 1 3 3 2 4 2 3 4 4 4 4 4 9 6
Sweden 854 867 1225 1401 1577 1741 1675 1521 1290 1123 1243 1061 1060 1014 1434 1710 2081 2271 2767 2633 2819 3019 2807
il‘fl‘gtzer' 1112 1000 1278 1279 1321 1419 1364 1308 1277 995 1201 1035 1112 1208 1608 1663 1831 2270 2399 2553 2592 2749 2669
Syria 0 0 0 1 4 1 2 0 1 0 3 1 0 0 0 1 1 0 1 2 0 1 1
Taiwan 1897 2059 3100 3693 4672 5372 5431 5298 5940 5120 6361 6128 6341 6642 8239 8781 10646 11069 11332 11691 11536 11573 10933
Thailand | 11 5 13 20 15 24 44 25 18 16 31 11 22 23 46 53 36 77 75 89 75 83 78
(Continued)
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Table C1 (Continued)

Year

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

Country

Trinidad

and 0 1 1 1 0 4 0 2 0 0 3 1 1 2 4 2 3 6 6 6 4 2 3

Tobago

Tunisia 0 1 0 0 0 0 1 0 1 1 2 0 2 0 2 3 5 4 5 6 1 6 0

Turkey 3 5 2 4 4 11 15 27 13 7 16 19 16 19 29 41 47 74 90 116 136 179 156

Us A 611 617 802 839 850 876 869 878 842 746 898 795 775 823 1077 1086 1210 1335 1446 1409 1437 1509 1444
04 08 89 06 70 00 70 93 70 37 23 27 02 82 91 21 26 92 21 69 25 52 13

Ukraine 15 8 17 20 17 21 27 14 21 18 24 12 21 16 13 17 41 38 47 61 57 65 55

United Arab

Emirates 1 0 1 2 2 5 6 2 2 3 8 2 9 9 7 10 20 18 54 45 60 72 83

United 245 267 345 356 365 395 382 361 343 314 357 329 308 317 429 429 521 580 648 641 645 663 661

Kingdom | 0 1 9 5 7 4 9 5 9 0 8 1 5 2 8 2 2 6 8 7 6 8 6

Uruguay | 2 4 3 2 1 0 3 2 0 2 2 3 2 5 6 2 9 10 9 5 8 11 8

Venezuela | 25 25 27 39 27 26 30 19 18 8 13 11 14 8 13 18 25 14 12 22 8 8 8

Vietnam | Q 0 0 2 0 0 0 0 1 2 0 0 0 2 2 0 2 5 6 5 19 17 14
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Table C2: Correlation matrix of coefficients of xtreg model

e(Vv) IPP G Fl LnHa LnA_h  FDI TRADE LnTP :STDG
IPP 1.0000

G 0.0168 1.0000

Fl 0.0395 -0.0109 1.0000

LnHa -0.0823 0.0543 -0.1383 1.0000

LnA_h -0.1226 -0.0127 -0.0646 -0.1744 1.0000

FDI -0.0457 -0.0338 -0.0422 0.0141 -0.0669 1.0000

TRADE -0.1152 0.1137 -0.1243 -0.0600 -0.0261 -0.0356 1.0000

LnTP -0.0608 0.1647 -0.1006 0.0430 -0.5579 0.0594 0.1404 1.0000
LnGDP -0.1802 -0.2768 -0.1504 -0.2158 -0.5500 0.0708 -0.0610 0.3550 1.000
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Table C3: Fixed-effects (within) regression results for the effects of individual set of institutions on innovation

Variable Patent output (LnA)
1) (2) 3) 4) (5) (6) () (8)
Alternative measures of IP institutions (L)
IPP Intellectual property 0.270™
protection (0.071)
PPP Protection of private 0.003™
property (0.001)
Alternative measures of political institutions (P)
G Governance quality 0.106™
(0.074)
RP Regulatory performance 0.011"
(0.005)
POLI Political democracy -0.005
(0.005)
Alternative measures financial institutions(F)
FD Depth of the financial 0.017™
system (0.006)
Fl Financial intermediary 0.004
development (0.004)
STOCK Depth of the stock market -0.012™
(0.003)
Key research inputs
LnHa Human capital devoted to 0.203™ 0.207™ 0.206™ 0.284™ 0.195™ 0.190™ 0.196™ 0.215™
research (0.043) (0.043) (0.043) (0.051) (0.043) (0.043) (0.043) (0.043)
LnA_h Patent stock 0.278™ 0.286™ 0.284™ 0.459™ 0.283™ 0.284™ 0.286™ 0.296™
(0.032) (0.032) (0.032) (0.060) (0.032) (0.032) (0.032) (0.032)
Control variable
FDI Foreign direct investment -0.020™ -0.020™ -0.019™ -0.015" -0.019™ -0.020™ -0.019™ -0.016™
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
TRADE Trade openness 0.002"™ 0.002™ 0.002"™ 0.004™ 0.002"™ 0.002"™ 0.002™ 0.003™
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
LnTP Market size 0.346™ 0.389™ 0.354™ 0.606™ 0.360™ 0.355™ 0.358™ 0.372™
(0.111) (0.112) (0.112) (0.086) (0.112) (0.112) (0.112) (0.1112)
LnGDP Gross domestic product -0.080 -0.073 -0.101 0.591™ -0.057 -0.070 -0.065 -0.018
(0.090) (0.090) (0.094) (0.098) (0.090) (0.090) (0.090) (0.090)
Constant -7.038™ -7.146™ -6.150™ -19.396™ -6.500™ -6.389™ -6.461™ -7.339™
(2.237) (2.251) (2.251) (1.715) (2.240) (2.236) (2.240) (2.240)
N 2254 2254 2254 1372 2254 2254 2254 2254
R2 0.716 0.663 0.650 0.844 0.641 0.657 0.671 0.649
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Table C4: Fixed-effects (within) regression results — using the patent application to the USPTO as the measure of innovation output

Variable Patent application (LhPA)
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Alternative measures of IP institutions (L)
IPP Intellectual property 0.419™ 1.435™ 0.381™ 0.395™ 0.389™ 0.377™
protection (0.069) (0.214) (0.069) (0.069) (0.069) (0.069)
PPP Protection of private 0.007™ 0.001 0.002 0.002
property (0.002) (0.001) (0.001) (0.001)
Alternative measures of political institutions (P)
G Governance quality 0.179™ 0.189™ 0.128" 0.168™ 0.103
(0.071) (0.072) (0.076) (0.072) (0.076)
RP Regulatory performance 0.010™ 0.008"
(0.004) (0.004)
POLI Political democracy -0.002 0.000 -0.001
(0.005) (0.005) (0.005)
Alternative measures financial institutions(F)
FD Depth of the financial 0.014" 0.003 0.009 0.003
system (0.006) (0.004) (0.006) (0.004)
FI Financial intermediary 0.028™ 0.024™ 0.024™
development (0.006) (0.006) (0.006)
STOCK Depth of the stock -0.010™  -0.010™ -0.011™
market (0.003) (0.003)  (0.003)
Key research inputs
LnHa Human capital devoted 0.168™ 0.165™ 0.167™ 0.236™ 0.181™ 0.162™ 0.155™ 0.195™ 0.189™  0.184™
to research (0.042) (0.049) (0.042) (0.046) (0.042) (0.042) (0.042) (0.042) (0.042)  (0.042)
LnA_h Patent stock 0.253™ 0.283™ 0.258™ 0.354™ 0.256™ 0.267™ 0.269™ 0.265™ 0.279™  0.268™
(0.031) (0.058) (0.031) (0.054) (0.031) (0.031) (0.031) (0.031) (0.031) (0.031)
Control variable
FDI Foreign direct investment 0.003 0.004 0.005 0.003 0.004 0.005 0.005 0.006 0.008 0.007
(0.007) (0.006) (0.007) (0.006) (0.007) (0.007) (0.007) (0.007) (0.007)  (0.007)
TRADE Trade openness 0.004™ 0.003™ 0.004™ 0.004™ 0.004™ 0.004™ 0.004™ 0.005™ 0.005™  0.005™
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
LnTP Market size 0.980™ 0.816™ 0.993™ 0.822™ 0.985™ 1.008™ 1.020™ 0.997™ 1.032™  1.004™
(0.108) (0.081) (0.108) (0.077) (0.108) (0.109) (0.109) (0.108) (0.110) (0.108)
LnGDP Gross domestic product 0.256™ 0.625™ 0.334™ 0.780™ 0.263™ 0.300™ 0.343™ 0.310™ 0.354™  0.374™
(0.091) (0.094) (0.088) (0.090) (0.091) (0.091) (0.088) (0.092) (0.092)  (0.088)
Constant -20.334™ -25.480™ -20.958™ -22.626™ -20.386™ - -20.370™ -21.159™ - -21.700™
19.824™ 20.910™
(2.172) (1.674) (2.177) (1.557) (2.183) (2.214) (2.192) (2.187) (2.226) (2.178)
N 2254 1372 2254 1372 2254 2254 2254 2254 2254 2254
R2 0.702 0.713 0.672 0.869 0.713 0.702 0.636 0.696 0.635 0.667
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Table C5: Unconditional quantile regression (UQR) results — using the patent application to the USPTO as the measure of innovation output

Variable Patent application (LnPA)
OLS FE UOR
Tau=10 Tau=20 Tau=30 Tau=40 Tau=50 Tau=60 Tau=70 Tau=80 Tau=90
% % % % % % % % %

IPP Intellectual property 0.489™ 0.419™ -0.416™ -0.216 -0.300" 0.056 0.500™ 1.064™ 0.949™ 1.357" 0.464™
protection (0.049)  (0.069)  (0.127) (0.131)  (0.130)  (0.137)  (0.151)  (0.144) (0.166)  (0.172)  (0.177)
G Governance quality 0.811™ 0.179" 0.418™ 0.655™ 0.836™ 0.902™ 1.069™ 1.288" 2.154™ 1.809"™ 0.499™
(0.047)  (0.071)  (0.124) (0.128) (0.129)  (0.133)  (0.133)  (0.135)  (0.167)  (0.185)  (0.186)
Fl Financial intermediary 0.041™ 0.028™ -0.018™ -0.021" -0.025" -0.009 -0.017 0.013 0.039" 0.054™" 0.081™
development (0.006)  (0.006)  (0.009) (0.012) (0.013)  (0.015)  (0.017)  (0.017)  (0.023)  (0.026)  (0.028)

LnHa Human capital 0.113™ 0.168™ 0.232™ 0.299™ 0.359™ 0.341™ 0.102 -0.013 0.068 0.036 -0.108"
devoted to research ~ (0.023)  (0.042)  (0.070)  (0.067)  (0.064)  (0.062)  (0.063)  (0.060)  (0.075)  (0.069)  (0.064)
LnA _h Patent stock 0.346™ 0.253™ 0.200™ 0.225™ 0.239™ 0.192™ 0.522™ 0.572™ 0.541™ 0.270™ 0.509™
(0.023)  (0.031) (0.061)  (0.060)  (0.060)  (0.064)  (0.066)  (0.063)  (0.079)  (0.077)  (0.086)

FDI Foreign direct -0.015 0.003 0.042™ 0.032 0.058™ -0.083™  -0.098™  -0.084™ -0.047" 0.013 0.003
investment (0.012)  (0.007)  (0.013)  (0.022)  (0.019) (0.022) (0.018)  (0.020)  (0.028)  (0.027)  (0.027)
TRADE Trade openness 0.002™ 0.004™ 0.001™ 0.003™ 0.003™ 0.006™ 0.010™ 0.011™ 0.007™ -0.003 -0.010™
(0.000)  (0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.002)  (0.002)  (0.001)
LnTP Market size 0.754™ 0.980™ 0.354™ 0.546™ 0.655™ 0.945™ 0.916™ 1.082™ 1.338™ 1.150"™ 0.604™
(0.027)  (0.108)  (0.068)  (0.069)  (0.068)  (0.071)  (0.077) (0.078)  (0.102)  (0.104)  (0.104)
LnGDP Gross domestic 0.724™ 0.256™ 0.320™ 0.465™ 0.523™ 0.837™ 0.841™ 0.886™ 1.140™ 1.060™ 0.895™
product (0.028)  (0.091)  (0.088)  (0.085)  (0.082)  (0.079)  (0.075)  (0.072)  (0.091)  (0.098)  (0.120)

N 2254 2254 2254 2254 2254 2254 2254 2254 2254 2254 2254
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Table C6: Fixed-effects (within) regression — using R&D expenditures (RDEx) and patent stock granted by USPTO (LnA_US) as measures of research inputs

Variable Patent output (LnA)
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Alternative measures of IP institutions (L)
IPP Intellectual property 0.308™ 0.402"™ 0.306™ 0.289™ 0.287™ 0.305™
protection (0.065) (0.122) (0.064) (0.065) (0.064) (0.064)
PPP Protection of private 0.003" -0.001 -0.001 -0.001
property (0.002) (0.001) (0.001) (0.001)
Alternative measures of political institutions (P)
G Governance quality 0.111 0.108 0.121" 0.117" 0.134
(0.068) (0.068) (0.072) (0.068) (0.072)
RP Regulatory performance 0.006 0.006
(0.004) (0.004)
POLI Political democracy -0.015™ -0.013™ -0.015™
(0.005) (0.005) (0.005)

Alternative measures financial
institutions(F)

FD Depth of the financial -0.005 0.001 -0.006 0.001
system (0.005) (0.004) (0.005) (0.004)
FI Financial intermediary 0.018™ 0.016™  0.015™
development (0.006) (0.006) (0.006)
STOCK Depth of the stock -0.004" -0.004*  -0.004
market (0.003) (0.003) (0.003)
Key research inputs
RDEXx Resources devoted to 0.327™ 0.297™ 0.350™ 0.252™ 0.353"  0.340™  0.339™ 0.360™  0.369™ 0.356™
research (0.051) (0.056) (0.051) (0.055) (0.051) (0.051) (0.051) (0.051) (0.051) (0.051)
LnA_US Patent stock granted by 0.476™ 0.594™ 0.476™ 0.633™ 0.479™  0.488™  0.486™ 0.475™  0.486™ 0.472™
the USPTO (0.027) (0.032) (0.027) (0.030) (0.027) (0.027) (0.027) (0.027) (0.028) (0.027)
Control variable
FDI Foreign direct 0.012 0.010° 0.012" 0.010 0.013" 0.014" 0.014" 0.014" 0.016"  0.013"
investment (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
TRADE Trade openness 0.002™ 0.001™ 0.002™ 0.001™ 0.002™*  0.002™  0.002™ 0.002™  0.003™ 0.003™
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
LnTP Market size 0.765™ 0.371™ 0.767™ 0.355™ 0.770™  0.768™  0.761™ 0.781™  0.788™ 0.778™
(0.102) (0.048) (0.102) (0.048) (0.103) (0.104) (0.104) (0.103) (0.104) (0.103)
LnGDP Gross domestic product 0.216™ 0.340™ 0.191" 0.362™ 0.224™  0.243™  0.207™ 0.253™  0.280™ 0.214™
(0.080) (0.064) (0.078) (0.063) (0.081) (0.081) (0.078) (0.082) (0.083) (0.079)
Constant -14.986™ -10.745™ -14.688™ -9.587™ -15.012"™ - -13.692™ -15.444™ - -15.058™
14.176™ 14.810™
(2.040) (1.215) (2.037) (1.147) (2.045) (2.079) (2.062) (2.059) (2.097) (2.051)
N 2254 1372 2254 1372 2254 2254 2254 2254 2254 2254
R2 0.863 0.955 0.864 0.957 0.861 0.838 0.845 0.859 0.835 0.862
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Table C7: Unconditional quantile regression (UQR) — using R&D expenditures (RDEX) and patent stock granted by USPTO (LnA_US) as measures of research inputs

Variable Patent output (LnA)
OoLS FE UQR
Tau=10 Tau=20 Tau=30 Tau=40 Tau=50 Tau=60 Tau=70 Tau=80 Tau=90
% % % % % % % % %

IPP Intellectual property 0.211™ 0.148™ -0.239" -0.078 -0.138 0.101 0.553™ 0.988™ 0.527™ 0.469™ 0.002
protection (0.055)  (0.063) (0.121) (0.124)  (0.122)  (0.130) (0.145) (0.138)  (0.152)  (0.133)  (0.134)
G Governance quality 0.019 -0.254™ 0.411™ 0.530™ 0.705™ 0.618™ 0.414™ 0.372" 0.517™ -0.354" -1.043™
(0.051)  (0.067) (0.127) (0.128) (0.129) (0.135) (0.151)  (0.155)  (0.177) (0.177)  (0.216)

Fl Financial intermediary 0.004 0.006 -0.021™" -0.028" -0.032" -0.020 -0.029" -0.004 0.007 0.009 0.049"
development (0.005)  (0.005)  (0.010) (0.013)  (0.014) (0.016) (0.017)  (0.017)  (0.022)  (0.023)  (0.026)

RDEXx Resources devoted to 0.513™ 0.388™  -0.496™ -0.586™ -0.548™ -0.295™ 0.106 0.347™ 1.768™ 2.840™ 1.284™
research (0.043)  (0.050) (0.071) (0.082)  (0.086)  (0.089)  (0.097) (0.096)  (0.124)  (0.134)  (0.222)

LnA_US Patent stock granted 0.595™ 0.622™ 0.352™ 0.512™ 0.532™ 0.530™ 0.652™ 0.725™ 0.754™ 0.653™ 0.786™
by the USPTO (0.021)  (0.027) (0.057) (0.055)  (0.053) (0.049) (0.051) (0.053) (0.064) (0.062)  (0.066)

FDI Foreign direct -0.012" -0.011" 0.040™ 0.031 0.058™ -0.078™ -0.079™ -0.057™ 0.009 0.087™ 0.050™
investment (0.006)  (0.006)  (0.013)  (0.024)  (0.020) (0.022) (0.016)  (0.018)  (0.028)  (0.033)  (0.023)
TRADE Trade openness -0.000 -0.001 0.001™ 0.002™ 0.003™ 0.006™ 0.010™ 0.010™ 0.008™ -0.002 -0.010™
(0.000)  (0.001) (0.001) (0.001)  (0.001) (0.001)  (0.001) (0.001)  (0.002) (0.002)  (0.001)

LnTP Market size 0.178™ 0.017 0.216™ 0.255™ 0.354™ 0.561™ 0.628™ 0.707™ 0.696™ 0.202" -0.054
(0.039)  (0.100) (0.074)  (0.072) (0.070)  (0.067) (0.072)  (0.076)  (0.093)  (0.088)  (0.089)

LnGDP Gross domestic 0.051 -0.263"™ 0.244™ 0.281™ 0.342™ 0.580™ 0.490™ 0.406™ 0.392™ 0.066 0.123
product (0.049)  (0.079)  (0.098) (0.091) (0.087) (0.081)  (0.075) (0.073) (0.088)  (0.087)  (0.111)

N 2254 2254 2254 2254 2254 2254 2254 2254 2254 2254 2254
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Table C8: UQR estimates with additional lags

Variable Patent output (LnA)
OoLS FE UOQR
Tau=10 Tau=20 Tau=30 Tau=40 Tau=50 Tau=60 Tau=70 Tau=80 Tau=90
% % % % % % % % %
IPP Intellectual 0.480™ 0.049 -0.319" -0.363™  -0.255" 0.010 0.406™ 0.656™ 1.001™ 1.229™ 0.615™
property protection  (0.053)  (0.078)  (0.110)  (0.120)  (0.125)  (0.138)  (0.154) (0.161)  (0.174)  (0.179)  (0.196)
G Governance 0.822™  0.304™ 0.302™  0.534™ 0.719™ 0.788™  1.172™  1.542™  2.142™ 1778  0.445"
quality (0.052) (0.085) (0.101) (0.114) (0.122) (0.136)  (0.138)  (0.143) (0.179)  (0.197)  (0.206)
Fl Financial 0.037™ 0.018" -0.024™  -0.031™ -0.036™ -0.015 -0.017 -0.005 0.041 0.035 0.095™
intermediary (0.006)  (0.007)  (0.008) (0.011)  (0.012) (0.015)  (0.018)  (0.019) (0.025)  (0.028)  (0.032)
development
LnHa Human capital 0.108™ 0.154™ 0.159™ 0.277™ 0.280™ 0.273™ 0.171™ 0.023 0.157" 0.112 -0.093
devoted to (0.025)  (0.050)  (0.059)  (0.060) (0.061)  (0.064) (0.067) (0.066) (0.079)  (0.073)  (0.069)
research
LnA _h Patent stock 0.326™ 0.287™ 0.191™ 0.225™ 0.226™ 0.257™ 0.459™ 0.665™ 0.489™ 0.292™ 0.484™
(0.025)  (0.036) (0.050) (0.054) (0.057) (0.066) (0.075) (0.068) (0.082) (0.081)  (0.094)
FDI Foreign direct -0.021 -0.007 0.042™ 0.018 -0.023 -0.043 -0.105" -0.075™  -0.060™ 0.012 0.012
investment (0.013)  (0.008)  (0.011)  (0.029)  (0.037)  (0.047) (0.018)  (0.021)  (0.027)  (0.027)  (0.026)
TRADE Trade openness 0.002™ 0.003™ 0.001™ 0.002™ 0.003™ 0.005™ 0.010™ 0.011™ 0.009™ -0.004" -0.011™
(0.000)  (0.001)  (0.000) (0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.002) (0.002)  (0.001)
LnTP Market size 0.732™ 0.635™ 0.234™ 0.431™ 0.580™ 0.798™ 0.927™ 1.036™ 1.437™ 1.110™ 0.707™
(0.029) (0.132) (0.057) (0.061) (0.065) (0.074) (0.085)  (0.084) (0.107) (0.108)  (0.113)
LnGDP Gross domestic 0.698™ 0.014 0.260™ 0.402™ 0.504™ 0.799™ 0.776™ 0.815™ 1.131™ 1.117™ 1.002"
product (0.031) (0.108) (0.070) (0.076) (0.078) (0.081) (0.082) (0.076) (0.095) (0.102) (0.134)
N 2059 2059 2059 2059 2059 2059 2059 2059 2059

272



Chapter 5: Conclusions

This final chapter of the thesis summarises the results of the study,
contributions arising from this study and policy implications of the findings.

It also suggests avenues for future research.

Innovation, which is the main driver of productivity growth, is becoming an
increasingly important research topic that has attracted much attention
from researchers in recent years. Based upon a strong theoretical
grounding, this thesis conceptualises that the institutional quality of a
country can influence the direction and innovation output rate providing
incentives through different channels; namely, protecting intellectual
property rights, reducing risks, and providing finances. Employing various
econometric techniques for the identification of causal effects of different
institutional channels on three key aspects of innovations, this thesis
provides empirical evidence and policy assessment. This thesis comprises
three empirical studies, which address the five research questions.
Although each study concentrates on a specific innovation-related issue,
by combining all three studies, this thesis comes up with a more
comprehensive understanding of the influence of institutions on

innovation, both conceptually and empirically.

The first empirical study, in Chapter 2, evaluates the incremental
innovation activities of the firms in transition countries. Building on the
existing literature, this study conceptualises that financing constraints and

intellectual property rights (IPR) protection are two of the critical factors
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that may prevent firms of transition countries from engaging in innovation
activities, thus impeding them from catching-up to the frontier technology.
The main contribution of this empirical study is that it is among the first
empirical works that attempt to investigate the impacts of financing
constraints and strength of IPR protection on firms-level innovation
activities in transition countries in a single framework. While it is
acknowledged that previous researchers (i.e., Ayyagari et al. 2011;
Gorodnichenko and Schnitzer 2013; Wellalage and Fernandez 2019)
explored the impact of financing constraints on firms’ innovative activities
by employing the quantitative approach, the institutional arrangements for
IPR protection and the link between IPR protection and firms’ innovation
efforts were ignored. Moreover, this study considers that firms’ financing
constraints are determined not only by the firm-level factors but also by the
overall financial development level of a country. The econometric analysis
is performed using a panel dataset on 21960 firms of 27 Eastern
European and Central Asian transition countries and by employing a two-
step probit model with endogenous regressors. The IV probit approach
allows this study to explore the variation in firms’ financing constraints
driven by both the firm-level factors and the countries’ overall financial
development level. First, in line with previous works (i.e., Gorodnichenko
and Schnitzer 2013; Howell 2016; Mateut 2018), this study finds that
financing constraints are negatively associated with the probability of firms’
innovation in every industry. Second, results illustrate that IPR protection

can significantly explain whether or not firms innovate and whether strong
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IPR protection is detrimental to firms’ incremental innovation efforts. This
study, thus, expands the innovation literature by explaining how another
key influencing factor of innovation, i.e., IPR protection, which was
neglected by the prior research, also impacts the firms’ innovation

activities in transition countries.

The second empirical study of this thesis, in Chapter 3, focuses on
collaborative innovation efforts of the firms in developing and transition
countries. It examines the role of contracting and IPR institutions on firms’
contractual R&D partnerships. Based on the new institutional economies
(NIE) theory and transaction costs economics (TCE) theory, this study
conceptualises that contract enforcement and intellectual property
protection can play a crucial role in firms’ contractual R&D partnerships. It
argued that contracting institutions protect investments that are
complementary to contractual R&D projects through enforcing the
prespecified contractual terms, and IPR institutions protect the intellectual
properties of joint R&D projects through enforcing IPR-related laws and
regulations. While it is difficult to specify all concrete results of joint R&D
projects in the contracts ex-ante due to contract incompleteness and
intended temporary nature of contractual R&D, the IPR institution is also
critical for the ex-post management of intellectual property rights.
Therefore, both the efficiency of contract enforcement and IPR protection
can be helpful for the partners involved in contractual R&D partnerships to
realise the value they realise from joint R&D projects by controlling

opportunistic behaviour. This study, therefore, provides an example of how
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the new institutional economics (NIE) theory can be applied in analysing
firms’ collaborative R&D. The key contribution of this study is that, for the
first time, the effects of both the contract enforcement and IPR protection
on firms’ contractual R&D agreements are investigated by using data from
developing and transition countries. Methodologically, using the Cragg
double-hurdle model, this study estimates data on 2305 firms from 40
countries of Eastern Europe, Central Asian, the Middle East, and North
Africa. By using the Cragg double-hurdle approach, this analysis is able to
overcome the problem of excessive zeros in the dependent variable.
Moreover, this approach allows this study to estimate participation
decision and expenditure decision separately in a single equation. The
findings indicate that the strength of contract enforcement has a significant
positive impact on both the probability of firms’ decision to engage in R&D
partnerships and the level of expenditure on contractual R&D while the
strength of IPR protection has a negative impact on both the participation
and expenditure decisions in developing and transition economies. The
main empirical contribution of this analysis is that it moved away from the
conclusion of prior empirical research that holds strong IPR protection
encourage firms to engage in R&D partnerships (i.e., Cassiman and
Veugelers 2002; Hagedoorn et al. 2005; Czarnitzki et al. 2015) and
suggests that, in developing and transition countries, tight IPR protection
can prevent the internalising of the knowledge flow between the firms
through R&D cooperation and thus eventually discourages the

collaborative R&D. Moreover, the results of this study confirm that efficient
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contract enforcement through the legal system is very vital for encouraging

firms to engage in R&D collaboration.

The final empirical study, in Chapter 4, focuses on radical innovation and
examines the much-researched topic of the factors influencing knowledge

production or innovation outputs of the countries.

This study addresses two research questions — RQ4: What determines
innovation and technological progress? and RQ5: Why do some countries
attain greater innovation output than other countries? Building upon the
literature on idea-driven growth theory and extending the literature, this
study develops an extended knowledge production framework that
demonstrates how institutional arrangements of a country such as
property rights and political and financial institutions along with the key
research inputs can play crucial roles in the idea production process of a
country. It argues that institutions can also influence the rate of idea
production of a country by affecting the productivity of research inputs and
the innovation outcomes of a country thereby result from the influences of
both the research inputs and quality of institutions of that country. The
main contribution of this study is that it expands the idea-driven
endogenous growth theory by incorporating institutions into the idea
production function of Romer (1990). This thesis thus provides an example
in innovation literature of how the new institutional economics (NIE) theory
can be applicable in explaining cross-country differences in innovation

outcomes. Besides, by applying the unconditional quantile regression
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(UQR) approach, this study can overcome the limitation of previous
studies (i.e., Schneider 2005; Aghion et al. 2015; e.g., Gao et al. 2017;
i.e., Ho et al. 2018; Canh et al. 2019; Zhu et al. 2020). Most previous
studies employed standard linear regression approaches. By focusing only
on the central tendency, the standard linear regression technique does not
allow the previous studies to accept the possibility that the effects of
influencing factors of innovation can be different for the least and highest

innovative countries.

The UQR is a more appropriate approach that allows this study to analyse
country level heterogeneity more effectively and estimate the effects of
explanatory variables at different quantiles of the dependent variable. It
provides more complete information for assessing the cross-country
variation of the impacts of concerned institutions on innovation output.
Estimated results using data from 98 developed and developing countries
suggest that, with the key research inputs, the strength of intellectual
property rights protection, quality of governance and performance of
financial institutions of a country are the significant determinants of
innovation output measured by international patent production. Moreover,
according to the UQR results of this study, the magnitude of the effects of
these aforesaid institutions on patent production are heterogeneous
across the patent output distribution. For example, results show the
magnitude of the impact of IPR protection on patent output are
significantly negative at the lower quantiles and significantly positive at the

upper quantiles of the patent output distribution. The positive effect of
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governance quality on patent output is significantly higher in the middle tail
than the upper and lower tails of the patent output distribution. Similarly,
the impact of the performance of financial institutions is also
heterogeneous and UQR results exhibit that financial intermediation has a
significantly higher positive impact on patent output in the countries with a
higher patent production rate. The findings of this study, therefore, expand
the existing literature on innovation by establishing a specific link between
the model of endogenous technical change of Romer (1990) and the

underlying institutional qualities of a country.

5.2 Policy implications

The findings of this thesis come up with several policy and managerial
implications. First, the results of this thesis indicate that financing
constraints prevent firms from innovation and firms’ financing constraints
are significantly explained by the cross-country variation in access to
finance, financial intermediary development and stock market
capitalisation level of a country. This finding implies that financial
institutional development can promote firms’ innovation in developing and
transition economies by easing external financing constraints of the firms.
By reducing frictions, such as informational asymmetries and transaction
cost, a better developed financial system can have a significant impact in
mobilising and allocating resources to innovative firms (i.e., Love 2003;
Rajan and Zingales 2004; Levine 2005a; Korosteleva and Mickiewicz
2011; De la Torre et al. 2017). Specifically, the development of the access

dimension of the financial institution is most relevant in developing and
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transition economies (De la Torre et al. 2017). The Global Findex
database shows that about 56% of adults in developed countries borrowed
from formal financial institutions, whereas that share was only around 10%
in developing economies. In contrast, in developed countries, the fraction
of adults who borrowed from informal sources is less than 5%, compared
to more than 30% in developing countries. These figures reflect the actual
picture of the differences between developed and developing economies
in the use of formal loans and financial services. By broadening the
access to finance and financial services for innovative firms, developing
and transition countries can promote firm-level innovation activities and

thus can expedite technological catch-up.

Second, the finding of this thesis on the impact of intellectual property
rights (IPR) protection suggests that stronger IPR protection has negative
effects on firms’ incremental innovation activities in transition countries. In
contrast, it has a positive effect on firms’ research and development (R&D)
efforts. Furthermore, this thesis finds that the level of IPR protection is
negatively associated with both the probability of firms engaging in
collaborative R&D and the intensity of expenditure on collaborative R&D in
developing and transition economies. These results show how IPR
institutions and IPR-related policy are vital for technological catching-up
and overall technological development in developing and transition
countries. Generally, due to resources and capability constraints, firms in
the less developed countries tend to engage in the incremental innovation

process and try to follow the technologies of the leading firms — those that
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engaged in radical innovation. Research collaboration can be another
important way for the firms to catch-up with frontier technology through
maximising the opportunity of learning by watching and learning by doing.
The IPR protection system of a country regulates whether follower firms in
an industry can imitate the technologies of the leader firms. Single full IPR
protection can be a sub-optimal IPR policy in developing and transition
countries (Dosi et al. 2007; Acemoglu and Akcigit 2012) since a single full
IPR protection policy is likely to discourage innovation and technological
catching-up by preventing the imitative or adaptive innovation efforts of the
firms in the less R&D-intensive industries (Ginarte and Park 1997). To
promote innovation through the cumulative innovation process, IPR
policies in developing and transition countries need to be customised for
the resources and capability constrained industries as well as firms.
Developing and transition countries need to combine a tight IPR policy
with some complementary arrangements such as governmental support
for open innovation initiatives or collaborative R&D activities among
resource-constrained firms. Since it is impractical to relax the strength of
the protection for specific industries, adjustment of the strength of the IPR
protection through instigating other complementary regulations and
policies providing special arrangements can, therefore, prove to be
effective tools. These customised IPR policies can encourage resource-
constrained industries and firms to engage in incremental and

collaborative innovation activities, which eventually can lead such
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industries and firms to the path of radical innovation through reducing

technological gaps between them.

Third, the results of this thesis demonstrate that efficient contract
enforcement by the courts has a significant positive impact on firms’
decisions to enter into R&D partnerships and on the magnitude of
expenditure on collaborative R&D once the decision to participate in R&D
partnership is made. Due to the inefficiency of the legal system, hold-up
problems and breaches of contracts are believed to be substantial in
developing and transition countries (Gow and Swinnen 1998; Gow 2001).
These hold-up problems and breaches of contracts may therefore
discourage relation-specific and joint investments in these countries. The
result of this thesis showcases how court inefficiency discourages
collaborative investment in developing and transition countries. A workable
and efficient court system through policy reform can help to start the joint
R&D investment and thus can help these firms to switch-over from imitator

to potential innovator through the ‘learning by doing’ process.

Fourth, the findings of this study show that institutional components have a
significant influence on the innovation outcomes, as measured by patents,
of a country, and the effects of institutions on innovation are
heterogeneous throughout the innovation output distribution. This finding
implies that the same institutional arrangements can have a differential
impact on innovation performance across the countries depending on

existing technological and overall development levels of the specific
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regions. This finding has an important policy implication. One-size-fits-all
innovation policy approaches do not work at all for promoting innovation
and knowledge production. Instead, depending on the existing
technological and overall development level, different countries require
different types of innovation policies, and even the same country may
require different interventions for its different regions (Todtling and Trippl
2005). For instance, the UQR results of this study show that the
unconditional quantile partial effects of IPR protection and governance
quality are more pronounced in magnitude at the upper-middle quantiles of
the patent output distribution. These quantiles refer to the emerging
economies such as China, India and Brazil that are producing international
patents at an above-average level. Therefore, policymakers in these
emerging countries can attain more innovation output by improving the
qualities of the concerned institution by protecting intellectual property,
controlling corruption, implementing pro-market policies, and improving

government qualities.

Fifth, the UQR results provide that regulatory performance is a significant
determinant of innovation output, but political democracy is not. The policy
implication of these findings is that even a non-democratic government
can promote technological development and idea generation as a matter
of policy choice (Glaeser et al. 2004; Gao et al. 2017). Along with more
resources allocation for the research and development sector, proper IPR
protection policy and better regulatory performance can be the de facto

innovation policy approach.
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5.3 Limitations of this study and avenues for future research

While the studies of this thesis advance innovation literature by providing
extensive evidence on the impacts on institutions on innovation, they have
certain limitations, like other studies. First, to investigate the impacts of
institutions on innovation, the studies of this thesis only consider the
measurable components of institutions, including formal rules, procedures,
laws, intellectual property rights and constitutions. Other informal
components of institutions such as culture, tradition, sanctions, norms,
taboo and code of conduct may have impacts on firms’ innovation
initiatives and overall innovation performances of a country, since these
informal institutional components also have a role to play in determining
the choice set for the economic actors to engage in any economic activity
(North 1991). However, all three empirical studies of this thesis are
conducted by using the quantitative approach, and these aforementioned
informal components of institutions are difficult to measure for empirical
investigation (see Hodgson 1988). Future work following the alternative
methodologies to a purely quantitative approach, preferably mixed
methods or qualitative approaches such as semi-structured interviews or
in-depth interviews, can build on the current studies and efforts to explore

the effects of informal institutional components on innovation outcomes.

Second, for measuring some focal variables, the studies of the thesis use
several self-reported qualitative measures from the firm-level survey data.

Naturally, the self-reported qualitative measure has some limitations for
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econometric analysis owing to the subjective nature of the questions used
in the survey or to cultural biases (Mairesse and Mohnen 2010).
Sometimes, the answers of the respondents may not be reflective of the
actual situation and can be manipulated by country-specific trends or
personal biases. To overcome the abovementioned data limitations, the
findings of this study can benefit from and be expanded by further

research that uses mixed methods.

This thesis also prepares the ground for a number of new research
qguestions, and future researchers can extend the innovation literature by
addressing these research questions. The first empirical study of this
thesis focuses on examining the impact of financing constraints and IPR
protection on firms’ incremental innovation activities. Findings suggest that
both the resource constraints and tight IPR protection are impediments to
firms’ incremental innovation efforts and thus prevent firms from
technological catch-up. Therefore, for technological catch-up, open
innovation initiatives can be a promising path for firms in transition and
developing countries. At present open innovation is an important paradigm
for understanding firms and industrial innovations (West and Bogers 2017;
Chesbrough et al. 2018), and institutional qualities of a country may play
roles in open innovation initiatives. However, due to data constraints, this
study was not able to address the issue of open innovation. To widen our
understanding, further work on this topic can explore the role of
institutional arrangements of a country on the open innovation initiatives of

firms.
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The second empirical study of this thesis provides evidence on the role of
contracting and IPR institutions on the probability of firms engaging in
R&D partnerships. One important question remains open for future
investigation on how the institutional quality of a country can impact the

performance of collaborative R&D projects.

Focusing on the distance to the technology frontier and its interaction with
the IPR can be another important avenue for future research. Given the
argument about the importance of incremental innovation in the context of
transition economies to catch up to the technology frontier, it is worth
focusing on investigating the distance to the technology frontier and its

interaction with the IPR by future research.
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