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Abstract

The effects of competition regulations on innovation are, in theory, ambiguous. Using a
panel of twenty-five OECD countries over 1995-2015, we estimated how domestic and
foreign competition affects innovation. Reducing regulation intensifies domestic and for-
eign competition, increasing R&D expenditure and patenting. Accounting for interaction
between these two sources of product market competition, we find that domestic regulation
directly led to growing R&D expenditure and patent production, whereas competition from
foreign regulation influences innovation toward its effect on domestic competition.
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1 Introduction

The relationship between innovation and productivity growth in the endogenous growth
literature and among policy makers is at the heart of the debates (e.g., Grossman and Help-
man 1991, Romer 1990, and Aghion and Howitt 1992)." This broad consensus on the con-
tribution of innovation contrasts with the mixed evidence of the effects of competition on
innovation. This paper empirically considers the effectiveness of competition on innova-
tion, differentiating between domestic and foreign competition. We look at how various
kinds of competition impact directly innovation intensity, which is relevant for prioritizing
reforms (Tables 1, 2, 3,4, 5,6,7,8,9, 10, 11).

How competition impacts innovation is of long-standing theoretical interest. In
theory, the impact of competition-enhancing product market regulation on innovation
is based on competing theories advanced by Schumpeter (1934) and Arrow (1962).2

! For example, Corrado et al. (2012) estimate that knowledge capital investments contribute to 0.5 percent-
age points of GDP growth in European countries and 0.9 percentage points in the United States.

2 For a review on the relationship between innovation and competition, see Gilbert (2006) and Cohen
(2010).
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Table2 Correlation Matrix
@ @) 3 “ () © )
(1) R&D Intensity 1
(2) Patent 0.284 1
(3) AGDP -0.055 -0.039 1
(4) VA 0.202 0.006 0.030 1
(5) Legal Integrity 0.050 0.230 0.050 0.079 1
(6) Business Reg. 0.152 0.352 0.067 0.056 0.269 1
(7) Trade Reg. 0.085 0.342 0.042 -0.067 0.138 0.501 1
The correlation coefficients between series excluded country and year fixed effects
Table 3 Effects of Domestic and Foreign Competition on Innovation Intensity, 1995-2015
OLS FEVD
@ ()] 3 @ (©) 6
Panel A. R&D Intensity
Business Reg. 0.063%* 0.053* 0.348*#%* 0.363%**
(0.029) (0.028) (0.011) (0.010)
Trade Reg. 0.040* 0.018 0.184%#%%* -0.036%**
(0.024) (0.022) (0.011) (0.009)
AGDP -0.005 -0.006 -0.006 -0.005 -0.006 -0.006
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
V.A 0.017%** 0.019%%*%* 0.018%%*%* 0.017%%%* 0.019%%*%* 0.018%**
(0.004) (0.005) (0.005) (0.004) (0.004) (0.004)
Legal System -0.0006 0.012 -0.0008 -0.0006 0.012 -0.0008
(0.022) (0.020) (0.022) (0.032) (0.032) (0.032)
FEVD error term - - - 1 1 1
Panel B. Patent
Business Reg. 0.174%%* 0.111%%* 0.782%%*%* 0.649%**
(0.029) (0.030) (0.022) (0.016)
Trade Reg. 0.161%%%* 0.113%%%* 0.656%** 0.263%**
(0.024) (0.017)
(0.025) (0.023)
AGDP -0.006 -0.008 -0.008 -0.006 -0.008 -0.008
(0.005) (0.006) (0.006) (0.006) (0.006) (0.006)
V.A -0.002 0.001 0.00009 -0.002 0.001 0.00009
(0.004) (0.005) (0.004) (0.005) (0.005) (0.005)
Legal System 0.107%** 0.134%%% 0.105%%*%* 0.107%%%* 0.1347%%% 0.105%**
(0.035) (0.038) (0.033) (0.029) (0.030) (0.029)
FEVD error term - - - 1 1 1
Country effects Yes Yes Yes Yes Yes Yes
Time effects Yes Yes Yes Yes Yes Yes
Obs 525 525 525 525 525 525

* p<0.1, ¥ p<0.05, ¥* p <0.01. Robust standard errors in parentheses
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Table 4 Effects of sub-indicators of Domestic and Foreign Competition on Innovation Intensity, 1995-2015

OLS
@ ()] 3 @
Panel A. R&D Intensity
AGDP -0.003 -0.004 -0.004 -0.003
(0.004) (0.004) (0.004) (0.004)
V.A 0.0227%** 0.024%** 0.0227%** 0.024%**
(0.005) (0.005) (0.005) (0.005)
Legal System 0.030 0.041* 0.013 0.039*
0.021) (0.021) (0.021) 0.021)
Starting Business 0.040%*
(0.020)
Bureaucracy Cost 0.019%*
(0.009)
Tariff Barriers -0.070%**
(0.020)
Non-tariff Barriers 0.005
0.017)
Panel B. Patent
AGDP -0.003 -0.007 -0.005 -0.007
(0.006) (0.006) (0.006) (0.006)
V.A -0.004 0.0007 -0.001 0.001
(0.005) (0.005) (0.005) (0.005)
Legal System 0.137%%* 0.168%** 0.163%*%* 0.131%**
(0.040) 0.044) (0.045) (0.043)
Starting Business 0.111%%*
(0.020)
Bureaucracy Cost 0.038%#**
(0.009)
Tariff Barriers -0.009
(0.021)
Non-tariff Barriers 0.094 %%
(0.016)
Country effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes
Obs 525 525 525 525

" p<0.1, ** p<0.05, *** p <0.01. Robust standard errors in parentheses

Schumpeter (1934) suggested that rising market competition discourages innova-
tion (i.e., "Schumpeterian effect") by lowering expected Research and Development
(R&D) investment payoffs (e.g., Dasgupta and Stiglitz 1980, Dixit and Stiglitz 1977,
and Romer 1990). By contrast, Arrow (1962) argued that competition improves the
incentive to innovate through an escape effect, hence raising innovation rents (e.g.,
Gilbert and Newbery 1982 and Reinganum 1983). Endogenous growth theory has
introduced a model in which the Schumpeterian and escape effects interact with inno-
vation intensity via an inverted U-shape (Aghion and Howitt 1998). Thus, depending
on the market structure (i.e., the technological gap between firms) and the initial level
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Table 6 IV Estimation and Alternative Specifications of the Effects of Domestic and Foreign Competition

on Innovation Intensity, 1995-2015

R&D intensity Patent
@ 2 3 (C))
Panel A. IV
Business Reg. 0.408%#%** 0.304%#%%*
(0.082) (0.084)
Trade Reg. 0.278%** 0.215%**
(0.060) (0.067)
AGDP -0.009%* -0.011%#* -0.008 -0.010
(0.004) (0.004) (0.005) (0.006)
V.A 0.015%%*%* 0.023%*%* -0.003 0.002
(0.005) (0.005) (0.004) (0.005)
Legal System -0.119%** -0.035 0.062* 0.123%**
(0.042) (0.026) (0.036) (0.032)
First Stage F-statistic ~ 35.4 36.1 354 36.1
Panel B. Including Lagged Regulation Indicators
Business Reg.,_; 0.086%** 0.179%%*
(0.029) (0.032)
Trade Reg.,_, 0.045% 0.158%**
(0.024) (0.025)
AGDP -0.005 -0.005 -0.005 -0.006
(0.004) (0.004) (0.005) (0.006)
V.A 0.016%** 0.017%** -0.002 0.0006
(0.005) (0.005) (0.004) (0.005)
Legal System -0.012 0.006 0.124%%* 0.158%##%*
(0.022) (0.023) (0.035) (0.040)
Panel C. Including Additional Control Variables
Business Reg 0.064%* 0.163%%*
(0.027) (0.031)
Trade Reg 0.058%** 0.146%**
(0.020) (0.025)
AGDP -0.003 -0.004 -0.010* -0.012*
(0.005) (0.004) (0.006) (0.006)
V.A 0.018%#%*%* 0.019%** -0.003 0.0008
(0.005) (0.005) (0.004) (0.005)
Legal System 0.012 0.023 0.110%** 0.139%**
(0.022) (0.020) (0.036) (0.040)
Import Penetration 2.065%** 2.242% %% 0.025 0.472
(0.496) (0.512) (0.539) (0.563)
Foreign R&D -0.504%** -0.557%*%* 0.476%** 0.346%*
(0.095) (0.096) (0.149) (0.151)
Country effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

" p<0.1, ** p<0.05, *** p <0.01. Robust standard errors in parentheses
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of competition, competition-enhancing policies may have opposing impacts on inno-
vation intensity at the country level.

In this paper, we evaluate the effects of domestic and foreign product market com-
petition regulation on R&D intensity and patenting, as well as how they directly or
indirectly promote innovation, using data from 25 OECD countries from 1995 to
2015.> We used aggregate as well as sub-indicators on factors reflecting rules and
bureaucratic procedures that impede entrance and trade barriers that diminish compe-
tition to quantify domestic and international product market regulation.

Our findings imply that reducing regulation while enhancing domestic product market com-
petitiveness is related to higher R&D intensity and patenting. Furthermore, raising the level of
foreign competition increases the number of patents while having ambiguous impacts on the
intensity of R&D in our baseline specification. Using the sub-indicators of domestic and foreign
competition, the effects can be partially explained by market competition policies that reduce
barriers to new entrants and administrative costs, whereas non-tariff barriers, rather than tariffs,
had the effects according to our innovation measures. Finally, the effect of domestic and foreign
competition can be nonlinear and depends on country’s characteristics like the level of develop-
ment or exposure to trade. We explore these interactions and find evidence of nonlinearities.
The effects of domestic regulation are more favorable for R&D expenditures in countries in
which the level of development and trade openness are stronger. In contrast, deregulation foster-
ing foreign competition harms patenting intensity, which is strongest for more developed coun-
tries and where the level of trade exposure is higher.

The main challenge to our identification strategy is the possible reverse causality
between innovation and competition reforms as well as the existence of omitted variables.
We address these issues in several ways. First, to address endogeneity issues we use aggre-
gate measures of competition regulation in European and non-European countries as an
instrument for regulation in a particular country. Our conclusions are robust to the instru-
mental variable (IV) specification with larger point estimates than Ordinary Least Squares
(OLS) estimates. Second, the estimates are stable to the inclusion of lagged competition
regulation indicators that reduce potential reserve causality between competition and inno-
vation intensity. Finally, our results are robust to alternative specifications, controlling for
confounding factors such as import intensities and foreign R&D and measuring product
market regulation through OECD’s indicators. Domestic and foreign competition might
have a different magnitude in enhancing innovation. Related literature does not compare
the effect of the source of competition reforms. In addition to challenging the ambiguous
empirical findings on the relationship between innovation and regulation, this paper goes
even further in empirical identification. Instead of findings based only on regression iden-
tification and reduced-form,* we use causal structure methodology that allows discover-
ing endogenously causal relations and ordering determinants of innovation. Differentiating
between domestic and foreign competition regulations (i.e., the extent to which regulation
directly promotes innovation) may reconcile contradictory findings and the significance of
underlying processes. We investigate causal relationships to determine whether sources of
competition rules are direct drivers of innovation intensity. We rely on a Directed Acyclic

3 Our identification strategy assumes that the relationship between innovation intensity and competition is
linear at the country level and we do not examine the inverted-U shape. A large literature provides evi-
dence of nonlinearity, see for example Aghion et al. (2005), Negassi et al. (2019), and Tingvall and Poldahl
(2006). In the appendix, we provide empirical evidence for focusing on the linearity of regulation on inno-
vation (see Figs. 4-5 and Tables 7-8).

4 See for example Nickell (1996), Blundell et al. (1999), Nicoletti and Scarpetta (2003), Aghion et al.
(2005), Griffith et al. (2010), and Bloom et al. (2016).
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Graph (DAG) technique based on a search algorithm (Pearl 1995). According to the DAG,
the sole direct driver of innovation intensity is domestic regulation that improves prod-
uct market competitiveness, whereas international regulation has an indirect influence on
R&D intensity and patenting at the country level. Furthermore, the magnitude of the causal
effect of product market regulation is quite close to the point estimate obtained by IV spec-
ification. These findings point out mechanisms in the innovation—competition relationship,
which have important policy implications.

The remainder of the paper is organized as follows. Section 2 presents the related lit-
erature and states empirical hypotheses. Section 3 presents the main variables, data sam-
ple and discusses our identification strategy. Section 4 discusses our results and robustness
tests. Section 5 concludes and discusses the policy implications of our results.

2 Related Literature and Hypotheses
2.1 Domestic Competition and Regulation

Regulation of competition in the product market is to encourage the entry of new firms or
to protect existing monopoly positions. Efficient regulation on the product market (PMR
hereafter) can encourage firms to invest in technological innovation, R&D activities at each
step of the innovation process (Bourles et al. 2013; Ciriaci et al. 2016). Lowering exces-
sive PMR barriers may enhance competition dynamics among rivals by increasing firm
entrance rates and stimulating the production of new knowledge (Andrews and Criscuolo
2013). Finally, less severe regulation can promote the dynamism and turnover of firms, as
well as the emergence of efficient firms.

The empirical literature on a sufficient degree of competition on the PMR appears
to be rather voluminous. This body of literature tends to support the idea that less
burdensome regulation may improve competitive pressure. Two important contribu-
tions derived from Blind (2012) and Westmore (2013) have provided evidence on
the impact of legal regulation of competition based on cross-country panels. On the
one hand, Westmore (2013) adopts the PMR indicator to evaluate the effect of anti-
competitive regulation on R&D expenditures and patenting intensity. According to
Westmore (2013), there is a large and negative association between pro-competi-
tion reforms in product market regulation and a rise in innovation. Furthermore, he
finds that lowering excessive PMR promotes information spillovers on local patent-
ing, implying that pro-competitive changes may encourage firms to amass a stock of
knowledge from foreign countries. Blind (2012) does not support the positive argu-
ment that pro-competition reforms drive innovation. In contrast, the author finds,
in accordance with Schumpeter’s reasoning, that long-term pressure reduction is a
favorable influencing factor for innovation.

At the industry-level, more evidence has also been provided. Nicoletti and Scarpetta
(2003), among others, analyze the influence of competition through policy regulations that
directly affect market competitiveness in 18 OECD countries and 23 two-digit manufac-
turing and services sectors from 1984 to 1998. They find a positive impact of fewer entry
barriers and reduced levels of state control on productivity growth and advancement of
the technology frontier, particularly in lagging countries. Their findings show that prod-
uct market changes that increase competition boost the adoption of new technologies and
innovation. Using OECD-derived regulatory data and a difference-in-differences (DID)
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specification, Bourles et al. (2013) show that upstream regulation (e.g., non-manufacturing
industries) negatively influences productivity growth as assessed by multifactor produc-
tivity, indicating an increase in interconnections between the services and manufacturing
sectors.

In line with these findings, several studies show that competitive markets have a pos-
itive impact on innovation intensity at the firm level (e.g., Blundell et al. 1993; Nick-
ell 1996). Recent empirical findings support the notion that lowering legislative and
administrative barriers (e.g., processes for starting a firm, cost of closure) improves firm
dynamics and favorably affects productivity (Andrews and Cingano 2014). However,
Aghion et al. (2005) empirically demonstrated the existence of an inverted U-shaped
relation between competition and the number of US patents granted. This result implies
that at low levels of competition, an "escape competition" effect dominates, while the
"Schumpeterian” effect is dominant when the initial levels are already high. Extensive
subsequent findings supported the inverted U-shaped relationship (Negassi et al. 2019;
Tingvall and Poldahl 2006), even though other evidence has been more unclear (Bucci-
rossi et al. 2013; Hashmi 2013). But these findings rely on competition measures, differ-
ences among countries and industries, as well as the estimated time period. Consistent
with the discussion above, we expect a positive impact of competition-increasing prod-
uct market regulation on R&D and patenting intensities at the country level.

Consistent with the discussion above, we expect a positive impact of competition-
increasing product market regulation on R&D and patenting intensities at the country level.

Hypothesis 1: Lessen domestic market regulation promotes competitive pressure and
increase innovation intensity at the country level.

2.2 Foreign Competition and Regulation

Trade liberalization has a broad range of effects on innovation, including increasing a
firm’s exposure to the foreign stock of knowledge, promoting the dissemination of ideas,
technological transfers, and quality enhancement (Bloom et al. 2016; Coe and Helpman
1995). Furthermore, trade liberalization induces higher foreign competition pressure
Melitz (2003). However, the emerging empirical research does not appear to reach a con-
sensus on the impact of import competition (Akcigit et al. 2018; Autor et al. 2016; Bloom
et al. 2016).

A first strand of the literature proposed a theoretical framework of monopolistic compe-
tition with heterogeneous firm characteristics (Melitz and Ottaviano 2008) that investigates
the effect of trade liberalization and the demand side effect (i.e., market size). Melitz and
Ottaviano (2008) suggest a short-term negative impact on mark-ups, but a positive impact
on aggregate productivity. In the same line, several recent papers confirm the potential
benefit to trade liberalization, enhancing incentive firms to innovate in long term (Impul-
litti and Licandro 2018; Perla et al. 2021). The second strand of the literature combines
theoretical foundations of heterogeneous firms and monopolistic competition with step-by-
step innovation (Aghion and Howitt 1998). Looking into the effect of import competition,
these papers provide evidence of positive and negative impacts according to the distance
from the technological frontier. On the one hand, a negative effect of competition on firms
behind the technology frontier while, on the other hand, the most productive firms tend to
respond positively to an import shock (Aghion et al. 2017; Akcigit et al. 2018).

@ Springer



438 Journal of Industry, Competition and Trade (2022) 22:429-456

Finally, recent contributions examine the effect of import competition resulting from
China’s shock on US and European firms. These two works reach opposing findings. On
the one hand, Bloom et al. (2016) show that lower import tariff rates in low technology
countries such as China increase strategic investments in R&D by lowering the opportu-
nity cost. On the other hand, Autor et al. (2020) found at the firm level, several negative
impacts. First, following an increase in imports of products from China, they report a nega-
tive impact on innovation input and output, but also on firms’ dynamics with a decrease in
employment and sales. However, these findings rely on the theoretical framework or are
limited by the unilateral trade liberalization shock (Coelli et al. 2022). Griffith et al. (2010)
investigated the impact of entry into the Single Market Program in Europe, suggesting that
the adoption of this single program increases competition between countries and increases
innovation and productivity. Similarly, Coelli et al. (2022) found that multilateral changes
in trade policy are associated with an increase in firm patenting.

Based on the discussion above, we state the following hypothesis:

Hypothesis 2: Lessen foreign market regulation promotes competitive pressure and
increase innovation intensity at the country level.

3 Data and Identification Strategy
3.1 Measuring Innovation

For our main sample, we combine data from several sources into a balanced panel dataset,
which covers 25 OECD countries for the period 1995-2015.

To measure innovation intensity, we collect country-year observations from the lat-
est version (i.e., edition 2017) of the OECD Science and Technology Indicators Database
(MSTI) and the OECD Triadic Patent Families Database. These two databases provide
detailed information on R&D expenditures for the manufacturing sector and the number of
patents registered with the three major patent offices: EPO, JPO, and USPTO. In line with
the empirical literature, our primary measure of innovation is R&D intensity in the man-
ufacturing sector, defined as the ratio of industry Business Expenditure in Research and
Development (BERD) over nominal GDP. The second measure is the count of granted tri-
adic patent per capita, transformed in logarithm where Patent denotes the count of patents
owned by the resident of each country measuring in millions of inhabitants.® Using triadic
patents has the advantage that it is not be biased according to regional legislation and that
if a firm has protected its invention in the three main offices, it is possible to assume that
the invention is of major importance (Aghion et al. 2017). However, measuring innovation
raises some issues, in particular at the country level. Several issues are regularly discussed
in the literature but have long been used as an indicator for innovative activities (Griliches
1990; Hall et al. 2010). R&D expenditures are an input in the innovation process, accord-
ing to the OECD’s Frascati Manual (2015) and the Oslo Manual (2005), and the number

5 The sample includes: Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Hungary,
Ireland, Italy, Japan, Korea, Mexico, Netherlands, Norway, Poland, Portugal, Slovak Republic, Spain, Swe-
den, Switzerland, Turkey, United Kingdom, and the United States.

® Given the existence of zero and low count of patents for some countries and years (e.g., Turkey), our
second measure of innovation intensity takes the following form Patent=1og(1 + Patent). This approach has
been used in the literature (e.g., Bloom et al. 2016, Aghion et al. 2005).
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of patents is a proxy for intermediate innovation output (Mairesse and Mohnen 2010). As
a result, these indicators are an imprecise measure of innovation and useless outside the
manufacturing sector. Not all firms invest in basic and applied R&D activities or filed a
patent for their inventions. On the one hand, firms can conduct other activities, such as get-
ting intangible assets. On the other hand, patents measure successful inventions, but they
can be protected by informal means, such as secrecy or lead-time over competitors.” How-
ever, R&D expenditures and the count of patents have been regularly collected in a large
sample of countries, usually on an annual basis, and they are readily available. Further-
more, to our knowledge, it is the only international data source which provides comparable
estimates of business R&D expenditures and technological progress.

3.2 Measuring Market Regulation

We focus on legal rules that capture market regulations, following Griffith and Harrison (2004) and
Aghion et al. (2009). As a result, we focus on framework conditions that reflect both internal and
international competitiveness. The Fraser Institute’s Economic Freedom of the World Database pro-
vides these metrics. On a scale of O to 10, there are measures of economic freedom in Business rules
and Trade Barriers. In terms of economic interpretation, a low number (i.e., near 0) denotes strict
regulation, whereas a higher number (i.e., near 10) implies less regulation.

The Business Regulations indicator measures the extent to which market regulation restricted
domestic competition. It is based on a subset of indicators: the ease of starting a business and
the cost associated with time spent on bureaucracy procedures. The rationale for using these
indicators is that more stringent market regulation might be associated with a lower innovation
intensity. The starting a business indicator measures the extent to which firm entry is restricted
through the perception of decision-makers, which we use to access the effects of new entrants’
competition on innovation intensity. Bureaucracy costs represent the time spent with administra-
tive procedures that might lengthen the process of starting a business or slow down the growth
of incumbent firms. Finally, we include an index of Trade Regulations composed of a subset
of indicators: average import tariff and non-tariff trade barriers that can hinder the exchange of
goods, technology transfers, and competition from foreign competitors.

Several measures have been used to estimate the effects of competition on innovation and
productivity outcomes, including mark-ups (Griffith and Harrison 2004) and market concentra-
tion, as measured by the Herfindahl or Lerner index (Aghion et al. 2017). However, they may be
concerned about endogeneity issues. For example, increased competitive pressure on the domes-
tic market has most likely resulted in a decrease in market concentration. Furthermore, because
of a reallocation effect from less efficient to the most efficient firms, profits and mark-ups are
impacted differently depending on the firm’s structure. The rationale for considering these eco-
nomic regulations as exogenous is not straightforward (Cette et al. 2017).

To overcome this challenge and better capture underlying policies that affect competition, several
contributions have used product market policy indicators, such as the OECD’s International Prod-
uct Market Regulation Indicators. However, the measures drawn from the Fraser Institute have
the advantage of being available at an annual frequency and five-year intervals before 2000,% in

7 A large literature based on surveys highlights that patent protection is not the optimal method to protect
and capture returns to innovation, except in high-technology sectors, such as pharmaceuticals, biotechnol-
ogy or chemicals (Hall and Harhoff, 2012; Mansfield, 1986; Moser, 2005).

8 To address this concern, we implement a linear interpolation for each indicator between 1996 and 1999.
On our estimation period, few changes appear over time describing characteristics variables with low within
variance.
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contrast to the OECD economy-wide PMR indicator, which has been available at five-year inter-
vals since 1998 and will end in 2013 (Egert 2016). To avoid the time-invariant nature of the
PMR indicator, it would be possible to use the ETCR indicator that measures the regulation in
non-manufacturing sectors that include network services such as energy, transport, and commu-
nications. This indicator is available annually for the 1975-2018 period and coded on a scale of O
to 6 reflecting the restrictiveness. The main advantage of non-manufacturing regulation is can be
reasonably considered exogenous (Bourles et al. 2013), but with indirectly competitive pressure
on manufacturing sectors through intermediate inputs.” However, the influence of competition in
upstream sectors for innovation improvements in downstream sectors is outside the scope of this
study. It should be noted that subjective metrics have the disadvantage of relying on subjective
assessments that might be affected by factors unrelated to underlying policy, such as economic
conditions or personal beliefs (Nicoletti and Pryor 2006). Reassuringly, the Business Regulation
indicator is negatively correlated with OECD indicators, as shown in Figure 5 and Table 9. In
any case, we assess the robustness of our main results using both OECD measures and IV, which
produce qualitatively identical results, which mitigates this issue.

Several control variables are included in our main specification to adjust for factors
impacting competitive pressure and time-varying drivers of innovation (Teece 1996). First,
if both innovation and competition are related to the economic cycle, the link between them
may be overestimated, resulting in a pro-cyclical connection. To address this problem, we
use GDP Growth, which is the yearly percentage growth rate of a country’s GDP measured
in constant-price US dollars PPP (2010) (Westmore 2013).!% Second, innovation might be
driven by the country’s comparative advantage in an industrial sector, confounding our main
estimates. Following Acharya et al. (2013), we control for comparative advantages using
the ratio of value-added (VA) in the manufacturing sector relative to the total country’s VA.
These control variables are from the World Bank WDI database. Finally, another concern
is that market regulation in a given country may be correlated with additional regulations
(Acharya et al. 2013; Buccirossi et al. 2013). As a result, we control for the legal system’s
quality, which includes data on the rule of law, intellectual property protection, and the legal
system’s efficiency. This variable is based on the Fraser Institute Database and is scaled from
0 to 10, with higher values signifying stronger institutional quality.

3.3 Cross-country Characteristics

Table 1 reports descriptions, data sources, and summary statistics of the main variables used in
this analysis. First, during our sample period, there was significant variation in innovation meas-
ures across OECD countries, with R&D intensities ranging from 0.6 percent of GDP (Mexico)
to 3.35 percent (Japan) and the number of granted triadic patents per capita ranging from 0.031
(Turkey) to 4.993 (Japan). Second, we highlight preliminary relationships between market com-
petition regulation and innovation intensity. In Figure 2, we show the scatter plot of all country-
year data points of the R&D intensity and the count of patent per capita distribution. The left-
hand sub-figures refer to business regulations as a measure of domestic competition, where the

® Non-manufacturing sector regulation can reduce competitive pressure on manufacturing sectors by rais-
ing the cost of services used. As a result, this rise leads to an increase in goods produced, which leads to an
increase in intermediate inputs.

10 Instead of GDP Growth, it is also possible to control short-term cyclical fluctuations using the output
gap. The output gap is defined as the difference between actual and potential GDP as a percent of potential
GDP, obtained using the HP filter. The results, available upon request, are robust controlling for the output
gap.
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vertical axes refer to innovation measures and the horizontal axes to the business regulations.
The right-hand sub-figures refer to trade regulations as a measure of foreign competition, where
the vertical axes refer to innovation measures and the horizontal axes to the trade regulations.
Overall, the linear prediction from the regression of innovation intensity on the market regulation
indicators is consistent with the positive relationship between innovation intensity and competi-
tion-enhancing regulations. Furthermore, these patterns are consistent with the correlation coef-
ficients report in Table 2.

3.4 ldentification Strategy

In this paper, we examine the effects of market regulation on the intensity of innovation. First,
we estimate panel fixed-effects specifications using innovation measures as dependent variables
and our variables of interest as domestic and foreign market rules. To avoid overburdening the
econometric estimation, market regulation variables are included progressively. The specification
is then supplemented with each sub-indicator to capture the channels via which innovation activ-
ity is influenced. The baseline specification is as follows:

Vo =a+ pReg., + ppX., +u,+u +e, (1)

where y,, denotes our main dependent variables that measure innovation intensity from
country c¢ in year t, including R&D intensity, and Patent. Reg,, is the market regulation
indicators for country ¢, measuring the stringency of domestic and foreign competition reg-
ulation. The main coefficient of interest is , that denotes the effect of market regulation on
the dependent variable of interest. X, is a set of control variables, u, and u, are country and
time fixed effects. Different OECD countries have experienced different level of innovation
intensity over the years that are not directly correlated with market regulations and compe-
tition, but might be correlated with institutional environment (Aghion et al. 2005). Adding
country and time fixed effects allows us to control for time-invariant unobserved factors at
the country level. Robust (Huber-White) standard errors are used.

Using fixed-effects transformation has the advantage of providing unbiased estimates if omit-
ted variables are correlated with explanatory variables. However, the fixed-effects transformation
is less efficient for the estimation of rarely changing variables, resulting in biased point estimates
(Hsiao 2003; Wooldridge 2010). This is particularly relevant to the variables that describe the
political and legal environment. Thus, an identification strategy using fixed-effects transformation
could lead to a biased or underestimated coefficient of interest. Following Pliimper and Troeger
(2007), we implemented a three-stage estimator with vector decomposition in the third stage. This
estimator provides an efficient estimate of time-varying variables in addition to an unbiased esti-
mate of rarely changing variables through pooled least squares.!! The rarely changing variables
are Business Regulation and Trade Regulation as well as sub-indicators, which exhibit a larger
"between" than "within" variance, justifying the Fixed Effects Vector Decomposition (FEVD)
estimator. Nonetheless, the FEVD estimator is controversial due to the inferences made from the
estimated coefficients. Therefore, we use FEVD estimator for comparison to OLS. 12

! Pliimper and Troeger (2007) provide two conditions for efficient point estimates with precisely estimated
standard errors. First, the FE and FEVD estimators are preferable to the random effects estimator (GLS)
for which individual effects are assumed to be uncorrelated with the independent variables. Second, FEVD
becomes more efficient when the within variance is close to zero, and the ratio of the between-to-within
variance exceeds 2.8 for at least one of our independent variables.

12 See Greene (2011) and Breusch et al. (2011).
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4 The Effect of Market Regulation on Innovation
4.1 Baseline Estimates

Table 3 shows the average effect of competition-enhancing product market regulation on R&D
(Panel A) and patent intensity (Panel B). We report point estimates using OLS and FEVD
for a balanced sample of 525 country-year observations in 25 OECD countries for the period
1995-2015. Our main finding is that the point estimate for the business regulation indicator is
positive and statistically significant at conventional levels. The point estimate in column (1) of
Panel A suggests that increasing product market competition by one standard deviation (0.997)
increases R&D intensity by 0.062 (0.062x0.997). In the sample estimation, the average R&D
intensity is 0.986. As a result, the intensity of R&D increased by 6.3 percent. Our main finding
remains if we estimate the effect of the competition-increasing product market regulation through
FEVD estimator (columns 4 and 6), which produces an efficient estimate of rarely changing vari-
ables. Note that the point estimate increased in magnitude relative to OLS estimation. In Panel B
of Table 3, we will look at the link between business regulation and patenting activities. We find
a positive and substantial influence of market rivalry on the number of patents granted in both the
OLS and FEVD specifications. Our results support Hypothesis 1. These findings are consistent
with an escape-competition effect, and when competition-enhancing product market restrictions
are increased, innovation levels rise (Aghion et al. 2005; Griffith et al. 2010)." Our second result
is that trade regulations have a mixed influence on innovation intensity. In columns 2 and 4 of
Panel A, estimated coefficients are positive and statistically significant but turn out to be no dif-
ferent from zero (column 3) or negatively correlated (column 6) with R&D intensity in specifi-
cations that include both business and trade regulation indicators. In contrast, we find a positive
effect of trade competition on patenting intensity in Panel B of Table 3. This is consistent with
previous empirical evidence, in particular, for European countries exposed to import competition
from China (Bloom et al. 2016). Our results partially confirm Hypothesis 2. Point estimates for
control variables have the expected sign and conform to previous evidence. We find that GDP
growth is negatively associated with investment intensity, albeit insignificantly, whereas manu-
facturing value-added is positively and significantly associated with R&D intensity. The positive
correlation between innovation intensity and manufacturing value-added reflects variation in the
propensity to innovate and technological opportunities that differ across industries. Finally, the
quality of institutions measured through legal system indicators to account for the effectiveness
of competition regulation has opposite sign according to our measure of innovation intensity. We
show the point estimate on the legal system is positively associated with an increase in patenting
intensity, while it is not statistically different from zero for R&D intensity.

We then examine the effect of the sub-indicators of domestic and foreign competi-
tion. We use the ease of starting business and bureaucracy cost as our main measures
of domestic market regulations. Furthermore, we examined economic and non-tariff
barriers to competition from foreign competitors. We estimate specification (1) and
report the results in Table 4. In column (1) of Panel A, the point estimate suggests
that lessening barriers to new entrants by one standard deviation is associated with a
0.054 increase in R&D intensity. The point estimate on bureaucracy cost is positively

13" As mentioned in the introduction, our paper assumes and estimates a linear relationship between innova-
tion intensity and competition regulation, although we do not examine an inverted-U relationship. As sup-
ported by Aghion and Howitt (1998) and Aghion et al. (2005), both escape-competition and Schumpeterian
effects might co-exist. However, consistent with previous findings, the escape-competition effect dominates
in the linear relationship (Aghion et al. 2005; Griffith et al. 2010).
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related to R&D intensity in column (2), implying that lowering administrative burden
by one standard deviation enhances R&D intensity by 0.025. In column (3), the coeffi-
cient on the tariff barriers is negative and significant but the coefficient on the non-tariff
trade barriers is not statistically different from zero (column 4). A possible explanation
for this negative effect of reducing tariff barriers is the direct positive effect on imported
products, increasing knowledge spillovers, thereby reducing incentives to innovate.
In summary, the results in Panel A of Table 4 confirm our baseline results and show
that enhancing the reforms to promote market competition leads to an increase in R&D
intensity while lowering tariff barriers deters domestic R&D intensity.

In Panel B, the dependent variable is replaced with the natural logarithm of patents
corrected for country size. Our findings assist in identifying if product market sub-
indicators influence innovation output. Except for the sub-indicators of trade regula-
tion, our findings are identical to those obtained when R&D intensity was used as
a dependent variable. The point estimate in column (3) of Panel B is insignificant,
indicating no effect of tariff barriers on patenting activities. In contrast, the estimated
coefficient in column (4) is positive and statistically significant, suggesting that
reducing non-tariff trade barriers by one standard deviation is associated with a 0.109
increase in patenting. This represents 3.9 percent at the mean value of patents.

Overall, enhancing regulation that increases domestic competition is associated
with an increase in innovation intensity at the country level. In contrast, our results
imply a negative association between foreign competition and R&D intensity, but
reforms that reduce non-tariff barriers on patenting and confirm our baseline results
in Panel B of Table 3.

4.2 Nonlinear Effects

So far, we have assumed that the response to domestic and foreign competition is the
same across countries. For example, several studies provide evidence that anti-com-
petitive market regulation can have differential aggregate effects on innovation and
productivity in different countries or industries according to the distance to the tech-
nological frontier or institutional environment (Bourles et al. 2013; Buccirossi et al.
2013; Egert 2016). Therefore, we now investigate the heterogeneous effect of com-
petition-enhancing product market regulation. The effect of one policy could interact
with other factors. For example, the scatter plot of country-year data points reported
in Figure 1 suggests that both business and trade regulation have differential effects
on innovation intensity according to a group of countries. More specifically, the effect
of regulation may be exacerbated in countries with stronger levels of development or
trade openness (Egert 2016).

To explore the heterogeneity effects of regulation, we extend the specifications
in Table 3 by including interaction terms between the measures of domestic or for-
eign regulations and the level of development as well as exposure to trade. First,
the level of development at the country level is measured as the logarithm of GDP
per capita (Qian 2007). Second, trade openness is measured as the ratio of exports
plus imports to GDP, after correcting for country size (Jaumotte and Pain 2005).
The results of the heterogeneity effects are reported in Table 5.'* The coefficient

14 We do not report the coefficient estimates for control variables due to space limits because they are com-
parable to those reported in our baseline regressions.
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estimates on the interaction of domestic and foreign regulation with the log of GDP
per capita PPP are significantly positive. These results suggest that R&D intensity
responds more strongly to competition in countries with high levels of development.
In contrast, the interaction term between domestic regulation and the log of GDP per
capita is significantly negative for innovation output (column 5). While the effect
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of foreign regulation is insignificant in column 6, it suggests that patenting inten-
sity can decrease in countries with high levels of domestic competition and develop-
ment, which is consistent with Schumpeterian effects. Finally, the interaction term
between domestic regulation and trade openness is positive and significant at con-
ventional levels (column 3). Again, the response of R&D intensity to domestic com-
petition-enhancing regulation is stronger for countries that are more open to trade.
But, for patenting intensity, we observe a decreasing effect of competition-enhancing
domestic regulation, so the country is more open to trade. Concerning competition-
enhancing foreign regulation, the interaction terms are small (0.024 and -0.003) and
statistically insignificant, suggesting no effect for countries with high levels of trade
openness on both R&D and patenting intensity.

Thus, our results suggest that the effects of domestic regulation are nonlinear and
are more favorable for R&D expenditures in countries in which the level of devel-
opment and trade openness are more important. In other words, the "escape compe-
tition" effect dominates in more developed countries and at a higher level of trade
exposure. However, a contrasting picture emerges for patenting intensity, suggesting
that an increase in foreign competition through the trade channel may reduce overall
patenting activity if the level of domestic competition is high.

4.3 Robustness Tests

To test the sensitivity of the baseline results, we conduct several robustness tests. First, an
important issue with our main specification is the potential endogeneity problem of market
regulation due to reverse causality bias as well as omitted variables (Aghion et al. 2005).
For example, R&D expenditures and successful innovations might increase economic rents
and market concentration, reducing competition among firms. As incumbents and success-
ful innovations grow, OLS estimates are more likely to be downward biased. Furthermore,
variations in trade regulation may reflect governments’ perceptions of domestic rivalry
and the technological frontier to support international competition, thus biasing OLS esti-
mates. To address the endogeneity issues, we propose an alternative identification strategy
using an instrumental variable (IV) approach. Specifically, we use a 2SLS strategy. Fol-
lowing Buccirossi et al. (2013), and Ayyagari et al. (2008), we instrumented competition-
increasing product market regulation with the average value of these regulations in other
countries.”” We use the average value based on country-group (i.e., European and non-
European). The exclusion restriction is that competition regulation in a country is more
likely to be correlated with trends in competition regulations in the same geographical or
jurisdictional region but are uncorrelated with innovation intensity in the country.'®

The results of these IV estimations are reported in Panel A of Table 6. The estimated
coefficients on the IV are positive and statistically significant at the 1 percent level with
larger point estimates than OLS in Table 3. This OLS bias is consistent with the idea that
positive product market regulation in the same geographical or jurisdiction region increases
the probability of increasing competition for a given country. Thus, OLS underestimates

15 Instrumental variable identification based on group averages is described in Angrist and Krueger (2001)
and Hausman (1997).

16 For example, in 1992, the European Union implemented a large-scale internal reform: the Single Market
Program (SMP). The SMP aimed at reducing internal barriers within the EU with the objective of increas-
ing the movement of products and production factors, fostering competition, innovation, and productivity
growth.
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the innovation intensity response to competition-increasing product market regulation.
Furthermore, instruments are highly significant with an F-statistic that exceeds the rule of
thumb value of 10 (Stock and Yogo 2002). In Panel B, we add the lagged value of regula-
tion indicators to control for reverse causality between competition policy and innovation
intensity. This approach relies on the assumption that the lagged indicators are unrelated to
the error terms in specification (1) (Griffith and Harrison 2004). The estimated coefficients
are quite comparable to OLS estimations in terms of magnitude. Competition-increasing
product market regulation might be driven by omitted variables that are correlated to other
competition-enhancing policies that could affect innovation intensity. Control variables
that may be related to market regulation are included in Panel C: import penetration ratio
and foreign stock of R&D.!” Our results remain robust across all specifications. Note that
import penetration is positively associated with R&D intensity, but insignificant in the
specification of the patent intensity. For example, one standard deviation in import penetra-
tion increases R&D intensity by 0.184 (2.144x0.086). In contrast, the estimated coefficient
on foreign R&D stock is always negatively associated with R&D intensity, whereas a rising
foreign stock of R&D is associated with an increase in patenting. A one standard deviation
increases in the foreign stock of R&D increases patenting by 0.149. This tends to support
our baseline results and our confidence in the mitigation of endogeneity issues. Finally, the
business regulation indicator from the Fraser Institute is used in the baseline specification.
The choice has been made because the indicator provides more variation than the OECD’s
International Product Market Regulation Indicators. The estimated coefficients are com-
parable if the Economic-Wide PMR is used or if the lagged value is used (see Table 10).'®
Using the ETCR indicator that measures regulation in non-manufacturing sectors, we
observe some effect. Concerning R&D intensity, the point estimates for the ETCR (lagged
or not) are small and statistically insignificant are conventional levels, suggesting no effect
of market regulation in upstream sectors on the incentive to innovate in downstream sec-
tors. In contrast, the results are robust for patenting intensity (see Table 11).'°

4.4 Direct and Indirect Effect of Competition

The main focus of this paper is to identify the causal determinants of innovation inten-
sity and compare the results from previous estimates. The relationship between compe-
tition and innovation has grown in importance in the endogenous growth literature, but
also for policymakers. However, this issue has led to contrasting theoretical arguments
and empirical evidence. Following Ayyagari et al. (2013) and Ayyagari et al. (2008),
we use a Directed Acyclic Graph (DAG) that allows us to explore the potential direct
mechanism between competition-increasing product market regulation and innovation

17 In these specifications, we control for the domestic demand of goods and services and R&D is satisfied
by foreign producers. The import penetration ratios are defined as the ratio between the value of imports
as a percentage of total domestic demand and are drawn from the OECD Trade Indicators Database. The
R&D foreign stock measure is based on trade-weighted data from all other partners’ countries, with weights
derived from the IMF Trade Statistics database (Westmore2013).

18" As mentioned in Sect. 3.2, the OECD’s PMR indicator is available at five-year intervals between 1998
and 2013. Following the literature, we fill the gap by linear interpolation (Westmore2013). However, for
this indicator, no information is available for Turkey, resulting in a balanced sample of 379 observations.

19 Note in that case, we lose the U.S., since there is no information on the last version of the ETCR indica-
tors for this country. However, very similar results are obtained in our baseline specification by dropping
this country.
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as well as causal relations among market regulation measures.>’ Unlike studies that
investigate the impact of competition on innovation, using DAG methodology has sev-
eral advantages over classical econometric specifications. DAG can endogenously and
non-parametrically specify the causal ordering of the entire set of variables by pro-
ducing a graph of robust causal relations (Ayyagari et al. 2013; Spirtes et al. 2000).
DAG allows us to investigate innovation determinants that have (i) direct impacts, vari-
ables that have (ii) indirect impacts on another variable, and those that do not have
(iii) causal impacts. In addition to regression estimations, the use of DAG enables the
validation of empirical findings.

The causal model corresponds to a set of random observed and unobserved variables
X={X;5- 3 X}

associated with independent error terms e={¢g; ; - - - ; €,}. The causal relationships
between the variables X are represented by a graph G in which nodes are connected by
directed edges E according to the joint probability function P as follows:

P(Xp...Xy) = [] P(XlXis X)) = [ P(X|P.c0) )

X,ex X,ex

Nodes in the set of variables X are linked from P to X, where P represents the set of
ancestors of X; in the structural causal model G.?' That illustrates the causal links among
the variables in the set X. Furthermore, if the joint distribution function P is empty, no
variable in set X causes the variable X;. To summarize, the DAG approach has two objec-
tives. The first function generates a collection of probability distributions, and the second
function reflects a causal structure across many variables. In other words, this method gen-
erates dense networks of joint probability distributions between random variables, which
are represented by nodes and a set of edges connecting each pair of nodes. The DAG meth-
odology implements an objective procedure under two assumptions underpinning the prob-
ability connections among each node to causal inference (i) Causal Markov Condition, (ii)
Faithfulness to obtain graphs and causal inference (Ayyagari et al. 2013; Pearl 2009). First,
the Causal Markov Conditions state that if a variable X; and another variable X, have no
direct influence on X,, then X, is probabilistically independent of X, conditional on X,.?
Finally, the faithfulness assumption states that independence relations are discovered using
the Causal Markov Condition rather than through chance. As a result, if there are inde-
pendence relations in the observational data that are not from the Causal Markov Condi-
tion, the causal model is unfaithful.

We used the PC algorithm developed by Spirtes et al. (2000) to examine the causal
relationships between domestic and foreign market regulation and innovation intensity.
The method uses the correlation matrix shown in Table 2. The PC algorithm generates an
undirected graph in the first phase, displaying connections between all variables without
imposing conditional independence relations. In the second phase, the algorithm generates

20 Several studies use Extreme Bound Analysis (EBA) to test the main determinants of theoretical frame-
works as well as the robustness of econometric specifications. For example, Barro (1991), Levine and
Renelt (1992), Xavier et al. (1997) use EBA to test the main determinants of economic growth, and Ayya-
gari et al. (2013) to compare DAG’s results from the EBA methodology.

21 Ancestors of a variable X; consist to all variables that are connected to X; by an edge whose purpose is
the variable X.

22 In Bayesian networks and graphical theory of probabilistic causation, the Causal Markov condition is
equivalent to d-separation (Pearl, 2009; Spirtes et al., 2000).
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an endogenous causal ordering of variables, evaluating all conditional independence con-
nections between variables. Finally, each edge without zero-order conditional independ-
ence connections is eliminated until the right causal structure is found.?* To compare our
findings to our main results, we state the prior knowledge of variables order that consists
market regulations are defined as our independent variables of state innovation measures
as outcomes. Concerning specifications (2) and (3), competition-increasing product market
regulations are defined as our independent variables.>* Figure 2 reports conditional inde-
pendence relations from the PC algorithm using the correlation matrix of our balanced
sample of 525 country-year observations. Figure 2 shows that conditional independence
relations at the 5 percent level of significance are similar whether we use R&D, or patent
intensity as outcomes, suggesting the same set of direct and indirect effects according to
the innovation input and output. Furthermore, this figure shows that the business regula-
tion indicator has a direct effect on R&D intensity and the number of patents granted. The
bidirectional arrow between business and trade regulation indicators suggests that domes-
tic and foreign competition regulations are causing each other. Finally, conditional inde-
pendence relationships demonstrate that the relationships between market rules and control
variables are multiples. However, our primary goal is to uncover the direct causal driv-
ers of internal and international competitiveness. The DAG causal relations are compatible
with requirements (1) and (2), but the DAG analysis allows us to discriminate between the
direct and indirect impacts of increased competition in the product market. The difference
between regression specifications and DAG analysis is that domestic product market com-
petition is the only statistically significant direct source of innovation intensity, whereas
foreign product market rivalry has an indirect influence on innovation.

In addition to the causal relations identified in Figure 2 we can infer the conditional
distribution of a direct cause. For that purpose, we use the do-operator developed by Pearl
(1995). The do-operator consists of intervention in the structural causal model obtained
from our observational data represented in Figure 2.

A value x is fixed for X conditional on X=x".

P(yldo(X = x)) = E(y|do(X = x°)) = E(y|do(X = X)) A3)

For each realization of x of X, the causal direct effect P(yldo(X=x)) assigns the prob-
ability y that is the postintervention of distribution of outcome variable y. Specifically, the
do-operator change the causal relations, removing each arrow going into X and substi-
tuting by a specific value X=x in remaining equation (Imbens 2020; Pearl 2009). Thus,
we estimate the conditional distribution of business regulation on R&D intensity and the
number of patents granted per capita as follows P(R&D intensityldo(Business Reg.=x))
and P(Patentldo(Business Reg.=x)). Using the do-operator suggests that the causal effect
of product market regulation on R&D intensity is 0.440 and 0.360 for the number of pat-
ents granted per capita, and significant at the 5 percent level. The estimated causal effect of
business regulation on innovation intensity appears similar to the coefficient for the FEVD
and IV specifications (columns 4-6) of Table 3 and Panel A of Table 6. For example, the
estimated causal effect of business regulation on R&D intensity through do-operator has
a coefficient of 0.440 compared to 0.348 in the FEVD specification and 0.408 in the IV
specification. Similarly, the causal effect of business regulation on the number of patents

23 Conditional independence test is equivalent to the null hypothesis that exists no partial correlation
between random variable X and Y conditional on a subset of variable Z.

24 Note that we do not impose prior knowledge among our independent variables, thus a causal structure
can arise among this set of independent variables.
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granted per capita has a coefficient of 0.360 compared to 0.782 in the FEVD specification
and 0.304 in the IV specification. Consequently, lessen product market regulation increases
the R&D intensity as well as the number of patents granted per capita at the country level.

5 Conclusion

In this paper, we have examined the impact of competition-increasing product market
regulation, summarized in domestic and foreign competition on innovation intensity in
twenty-five OECD countries between 1995 and 2015. Our motivation stems from the broad
consensus on the importance of innovation for productivity growth contrasts with the long-
lasting policy debate on the competition-enhancing product market interventions. We use a
novel identification strategy and country-year level data on innovation input (R&D expen-
ditures) and output (patenting) to understand the direct and indirect effects of competition
on innovation.

Our findings show that enhancing domestic and international competition through prod-
uct market regulation has a considerable influence on both innovation input and output.
Moreover, we showed that the estimated effect on innovation input is larger in more devel-
oped countries and where exposure to trade is important. By contrast, in countries where
the level of development and trade openness are high, the effect of domestic competition
reduces innovation output. According to the DAG model, the positive innovation response
to product market competition is directly produced by domestic competition-enhancing leg-
islation, but foreign competition is related to innovation intensity via its influence on domes-
tic competition-enhancing regulation. Overall, our data show that boosting domestic product
market competition is an efficient way for OECD countries to see large increases in innova-
tion. Finally, our results are robust to sensitivity analysis, addressing potential endogeneity
issues through instrumental variable strategy, including lagged competition-enhancing regu-
lation indicators, confounding factors, and alternative measures of market regulations.

Our findings corroborate Arrow’s (1962) theoretical argument that product market rivalry
stimulates innovation through an escape effect. In terms of policy consequences, OECD coun-
tries may lead technological progress through innovation by eliminating restrictions that stifle
competitiveness in the domestic market. There are several directions this paper can be extended.
First, it would be valuable to examine the firms’ response to competition regulation, using novel
firm-level data on innovation activities and market competition. This would allow us to deeply
explore the underlying mechanism that depends on the technological frontier and reallocation
process. Second, extended our analysis on OECD countries to other countries would be precious.

Appendix
Nonlinearity of Domestic Regulation on the Product Market

As discussed in Section 2.1, competition might have an inverted U-shape relationship with
innovation. The endogenous growth theory has introduced a model where innovation occurs
step-by-step, reconciling the escape competition and the Schumpeterian effects (Aghion et al.
2001). In neck-and-neck sectors, increasing the intensity of competition spurs the incentive to
innovate, resulting in a positive escape competition effect. In contrast, laggards’ firms have little
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incentive to innovate to reach the leaders when the intensity of competition is already high. As a
result, if the level of competition is already strong, an increase in competition should result in a
slower average pace of innovation. Aghion et al. (2005) find supportive evidence of an inverted
U-shaped relationship between the degree of competition and innovation using firm-level data in
the UK, confirming these theoretical predictions.

The paper assumes a linear relationship at the country level. However, we estimate a nonlin-
ear relationship between business regulation and innovation. Table 7 shows the point estimates
for the squared term of business regulation using OLS and Poisson estimators. Using OLS, the
estimated coefficients in column (1) are negative for the linear term, while the squared term is
positive and only statistically significant at the 10 percent level. However, the sum of the two
coefficients is jointly non-significant. Column (2) reports the identical specification for patent
intensity. In contrast to R&D, the linear term is positive but statistically significant only at the 10
percent level, whereas the squared term is negative and non-statistically significant. The linear
and squared terms are jointly significant at the 10 percent level. Figure 3 shows the fitted quad-
ratic curved and fails to show an inverted U-shape.

In addition, we replicate specifications in Aghion et al. (2005) using the Poisson estima-
tor. The point estimates for the exponential quadratic specification are reported in columns
(3) and (4). Except for patent intensity, for which we find a small nonlinear relationship
(Figure 3, right-down panel), the results are consistent with the absence of a significant
inverted U-shape effect of business regulation on innovation.

Table 8 and Figure 4 show the point estimates and the fitted quadratics curves for the
trade regulation indicator and again failed to find an inverted U-shape.
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Table 7 Nonlinear Effect of Domestic Regulation

OLS Poisson
R&D intensity Patent R&D intensity Patent
(€] @ 3 “
Business Reg. -0.141 0.315* 0.142 0.313%**
(0.114) (0.181) (0.147) (0.116)
Business Reg. Squared 0.016* -0.011 -0.004 -0.018%%*
(0.009) (0.013) 0.011) (0.008)
AGDP -0.007 -0.006 -0.008 -0.001
(0.005) (0.006) (0.005) (0.003)
V.A 0.018*** -0.003 0.008** -0.003
(0.006) (0.005) (0.004) (0.002)
Legal System 0.001 0.106%%%* -0.021 0.0427%**
(0.022) (0.039) (0.026) (0.014)
Joint Significance Business Reg., 0.204 0.093 0.352 0.008
Business Reg. Squared
Country effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes
Obs 525 525 525 525

" p<0.1, ¥ p<0.05, *** p<0.01. Significance tests show p-value from the F-test of joint significance.

Robust standard errors in parentheses

Table 8 Nonlinear Effect of Foreign Regulation

OLS Poisson
R&D intensity Patent R&D intensity Patent
@ (@) 3 (C))
Trade Reg. -0.093 -0.230* 0.348%** -0.149%%*
(0.161) (0.122) (0.100) (0.059)
Trade Reg. Squared 0.009 0.027%* 0.028%*** 0.015%*
(0.011) (0.009) (0.007) (0.004)
AGDP -0.007 -0.010 -0.010%* -0.003
(0.005) (0.007) (0.005) (0.003)
V.A 0.020%** 0.005 0.013%*** 0.001
(0.006) (0.005) (0.003) (0.002)
Legal System 0.010 0.127%** -0.007 0.053***
0.021) (0.039) (0.022) (0.016)
Joint Significance Trade Reg.,  0.552 0.049 0.000 0.010
Trade Reg. Squared
Country effects Yes Yes Yes Yes
Time effects Yes Yes Yes Yes
Obs 525 525 525 525

" p<0.1, ¥ p<0.05, #** p<0.01. Significance tests show p-value from the F-test of joint significance.

Robust standard errors in parentheses
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Table9 Correlation Matrix
between Business Regulation (0 @ ®
Indicator and OECD Indicators (1)Business Reg. 1 1
(2)PMR -0.448***
(3) ETCR -0.396%** 0.828%##%* 1
™ p<0.01
Tl 0 et of oo
Innovation Intensity, 1995-2015 @) ) ) 4)
AGDP 0.001 0.001 0.003 0.003
(0.008) (0.009) (0.010) (0.010)
V.A 0.008* 0.005 -0.007 -0.006
(0.005) (0.005) (0.005) (0.005)
Legal System -0.010 -0.043 0.1487%** 0.13 %%
(0.032) (0.031) (0.044) (0.036)
PMR -0.171%%* -0.438%**
(0.063) (0.077)
PMR,_, -0.237%** -0.436%**
(0.063) (0.078)
Country effects  Yes Yes Yes Yes
Time effects Yes Yes Yes Yes
" p<0.1, #** p <0.01. Robust standard errors in parentheses
E:Li;;cnili?gt (SE(”)Ff CN;)H R&D intensity Patent
Regulations on Innovation 1) ) 3) 4)
Intensity, 1995-2015
AGDP -0.003 -0.005 -0.003 0.0004
(0.005) (0.005) (0.006) (0.006)
V.A 0.016%**  0.019%*%*  -0.004 -0.006
(0.006) (0.006) (0.006) (0.006)
Legal System -0.015 0.002 0.161%** 0.176%**
(0.028) (0.025) (0.053) (0.054)
ETCR 0.012 -0.210%**
(0.024) (0.029)
ETCR,_; -0.021 -0.235%%*
(0.024) (0.029)
Country effects  Yes Yes Yes Yes
Time effects Yes Yes Yes Yes

" p<0.1, *** p <0.01. Robust standard errors in parentheses
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