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Abstract

In pursuit of economic growth and development, compa-
nies have tried to strike a balance between competition
and monopoly power. This paper reviews evidence on
industrial concentration and its economic consequences
(notably firms’ performance as measured by innovation
output) in the framework of emerging market conditions.
Competition theory was built in developed countries un-
der assumptions that do not necessarily fit emerging econ-
omies. Our main research question is whether the level of
local market concentration influences (and if it does, in
which way) innovation activity undertaken by companies
operating on emerging markets. Apart from linear associ-

ation, the empirical literature suggests that industrial con-
centration could exhibit an inverted U-relationship as far
as its link to certain economic indicators of success, such
as innovation output. We measure concentration by using
the Herfindahl-Hirshman Index. This paper finds empir-
ical evidence in support of the Schumpeterian hypothesis
that more concentrated industries stimulate innovation
and observe the inverted U-relationship curve. Further,
the empirical model demonstrates the relative importance
of technological leadership in concentration industries to
enhance innovations. This suggests a role for recalibrating
firm and industry policies.
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""The results of the project “Comparative study of intangible endowment of Russian and EU companies”, carried. out
within the framework of the Basic Research Program at the National Research University Higher School of Economics

(HSE) in 2017, are presented in this work.
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Introduction

Firms from emerging countries face a lot of obstacles on
their path to prosperity. Economic theory tells us that
competition is an essential factor that determines not
only economic growth but also a variety of other features
of sustainable development [Boone, 2001]. Nevertheless,
the theory we have now was developed on the basis of
the experiences of developed markets, with assumptions
of the availability of capital markets, low entry barriers
and low transaction costs, which are simply not good
approximations of the conditions on emerging markets.
Therefore, for these firms, the effect of competition is not
clear and depends on a variety of factors; hence we should
reconsider how and to what extent existing theory applies
to underdeveloped economies [Aghion et al., 2009].

Russian manufacturing companies are suffering unprec-
edented fluctuations caused by the economic crisis of
2008, current political and macroeconomic conditions,
which may well turn out to be dramatic in terms of their
competitiveness. The issue is going to be more relevant in
the framework of the import substitution policy. Many of
these changes will have implications for competition and
concentration of manufacturing companies. One of the
consequences is already apparent in the recent wave of
mergers and takeovers and cluster creation [Altenburg et
al., 2014]. Besides, increased concentration and the size of
new players cause concerns about innovations, financial
stability and, finally, competitiveness [Carlin et al., 2004].
In order to judge the implications of these developments,
one has to examine the degree of competition and market
power of manufacturing firms and to investigate the
impact of industry concentration on innovative behavior.
Despite a clear consensus in the literature that relates to
competition and growth, that growth requires increases
in productivity, which is achieved through investments in
innovation, for emerging markets one of the most impor-
tant questions to ask in this discussion is what the effect
of competition on innovation is.

The literature on the concentration-innovation link

may be divided into two main categories, according to
the Schumpeter (1942) and Arrow (1962) paradigms.
Schumpeter investigates whether a highly concentrated
market causes a high level of innovativeness among larger
companies resulting in superior performance [Schumpet-
er, 1950]. From this point, concentration could contribute
more to innovation, productivity, and sustainable growth
prospects. Evidence from developed economies mostly
agrees with this idea [Baker, Graber-Lutzhoft, 2009]. On
the other hand, industrial concentration could also result
in the exploitation of market power, weaken the motiva-
tion for innovation (due to a lack of competition from
rivals), discourage new entrants and perpetuate monop-
oly profits [Scherer, 1982; Baumol, 1982]. This view is
supported by Arrow [Arrow, 1962]. According to him,
the more competitive the market is, the more incentives
there are for companies to create innovations, which
leads to greater performance [Baker, Graber-Lutzhoft,
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2009]. Arrow’s view was retained by Clarke, who analyzed
companies of East European and Central Asian econo-
mies and showed that the incentive for R&D expenses is
greater in a competitive industry than in a concentrated
industry for product innovations [Clarke, 2011]. In recent
years, however, relatively few empirical studies with con-
tradictory results have examined competition and con-
centration in emerging markets despite a large number of
papers for developed countries.

The study contributes to this goal by investigating the im-
pact of company position in the industry on innovation
output based on the data of Russian manufacturing firms.
In order to accomplish this, we analyze theoretical and
empirical papers related with the issue focused on emerg-
ing markets. Secondly, we estimate the level of concentra-
tion in different economic sectors and the power of each
company according to their market share and then focus
on investigating the role of competition in influencing
firm innovation output. Specifically, we seek to answer
the following questions: How does competition influ-
ence innovation? What is the nature of the relationship,
specifically? The second question relates to the prevalent
opinion that there is an inverted U-shape relationship
between innovation and concentration: starting from

a very concentrated market, new entrants will increase
competition and incentives to innovate. However, at some
point this effect will reverse and more competitors will
wear away potential profits from innovation, which will
decrease investments in R&D [Aghion et al., 2005; Onori,
2015]. Moreover, we attempt to compare the situation in
Russia to that in the US and European countries.

We use regression analysis to investigate differences in the
innovation of firms operating in concentrated markets
compared to those operating in non-concentrated ones.
We estimate the Herfindahl-Hirschman Index (HHI) as
one alternative measure of concentration and take into
account the number of firms and their market shares.
Innovation output will be measured by counting firm
patents. We focus on the Russian manufacturing sector
as the example of an emerging economy. In order to test
the hypotheses, we use a panel of around 500 Russian
manufacturing firms from 2004 to 2011. The database
also contains data on each firm’s organization and own-
ership structure, the level of competition it faces, and the
number of patents.

This paper found empirical evidence in support of the
Schumpeterian hypothesis. Our results for Russian data
are the opposite of what was found by Hou and Robinson
[Hou, Robinson, 2006] for United States market data.

By contrast, our data showed a significant and positive
relationship between concentration and innovation
output, measured by a count of patents, as well as a direct
relationship between size and innovation. At the same
time, in support of Aghion et al. [Aghion et al., 2005]

we revealed that different levels of concentration affect
innovations in different ways, according to an inverted
U-shape curve. Moreover, we discovered the positive
interaction effect of concentration and the technological
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level of the company on innovation activity. One of the
core policy implications of these results is that a high level
of concentration stimulates innovations through net-
works or clusters (as well as with foreign partners), while
overly high concentration as well as overly low concentra-
tion lead to low innovation creation.

The rest of the paper is organized as follows. Section 2
presents a brief literature review. Section 3 discusses the
framework of the study. Section 4 defines the data and
summary statistics and presents the empirical model. Final-
ly, we discuss our main results and conclusions in section 5.

Theoretical Background

We examine the relationship between firm innovation and
the intensity of competition in the industry. Econom-
ic theory confirms that the intensity of competition and,
hence, the market power of a particular firm is closely re-
lated to industry concentration [Aghion et al., 2009]. This
section of the paper is devoted to a theoretical and empiri-
cal overview of the concentration-innovation relationship.

Industry Concentration-Innovation
Relationship: Views of Arrow and
Schumpeter

As discussed in the previous section, there are two opposite
points of view on the concentration-innovation relationship
based on the works by Schumpeter and Arrow. According
to the Schumpeterian view, concentrated markets with
large firms have more incentives and capacities for R&D ex-
penditures, stressing the importance of market power as a
return to innovation output. The Schumpeterian argument
is based upon the idea of a lack of rewards from innovation
in the case of strong competition and, hence, the absence of
incentives to innovate [Schumpeter, 1950]. As was shown
by Aghion et al. [Aghion et al., 2008], there are at least two
more incentives for large companies working on concen-
trated markets to invest in R&D. First, as innovation allows
a firm to differentiate its products or achieve significantly
lower production costs, which can reduce the level of com-
petition, lower production costs can cause the innovating
firm to increase its output, causing competitors to react and
lower their output. Aghion calls this the “escape-the-com-
petition effect” [Aghion et al., 2008]. The second reason
relates to an incentive to prevent competition: a firm with
market power may be able to preserve its market power by
innovating to deter the entry of rivals. This view is support-
ed by Littunen and Tohmo, who find that most concentrat-
ed industries benefit from high economies of scale or a high
level of technology [Littunen, Tohmo, 2003].

Arrow was the first who argued that a monopolist’s
incentive to innovate is less than that of a competitive
firm, because of the monopolist’s interest in the status quo
[Arrow, 1962]. This fundamental idea comes from the
knowledge that a firm generating abnormal profits has an
interest in protecting the status quo and is thus less likely
to be the instigator of disruptive new technology. In Ar-
row’s words: “The pre-invention monopoly power acts as a

39

strong disincentive to further innovation” [Arrow, 1962].
Therefore, the larger current monopoly profits are, the less
incentive the monopolist has to innovate, which gener-
ates an “X-inefficiency effect”. Blundell et al. found that
in developed economies, as concentration and monopoly
power raises, the rate of innovation falls [Blundell et al.,
1999]. Theoretical models, including those of Chen et al.
and Gayle, propose that factors like uncertainty in the
innovation process and the strategic relationship between
new and existing products may motivate entrants to have
a higher level of R&D expenditures [Chen et al., 2009;
Gayle, 2003]. Allen and Gale argue that for most firms in
developing countries, the intensity of competition on the
product market could be considered a “discipline mech-
anism”: as the intensity of competition increases, a firm’s
freedom to deviate from efficient investment and innova-
tion policies declines [Allen, Gayle, 2004].

However, the debates on the concentration (compe-
tition)-innovation relationship are still open both in
theoretical and empirical papers. Based on the Schumpe-
terian theory, Scherer developed the research by allowing
for additional nonlinearities and in a cross-sectional
analysis of Fortune 500 firms discovered a significant
inverted-U shape [Scherer, 1982]. More recently, Aghion
et al. [Aghion et al., 2009] has developed a model which
explains both the Schumpeterian hypothesis and the posi-
tive effect of market competition on innovative activity.
They also have shown that the intensity of competition,
measured by entry into an industry, influence efficient
and inefficient incumbent companies differently. An
increase in the number of participants spurs innovation
for more technologically advanced companies, whereas
for less efficient ones it reduces innovativeness. Overall,
these authors revealed that the relationship between
competition and innovative activity can be described by
an inverted U-shaped curve. In other words, increased
competition increases the incentive to innovate when
competition is not intense. However, if the competition
level is high, increased competition leads to a reduction
of the reward yielded by innovation and it also reduces
the incentive to innovate [Aghion et al., 2009]. Following
Scherer [Scherer, 1982] and Aghion et al. [Aghion et al.,
2009], in this paper we explore a non-monotonic rela-
tionship as well.

The relationship between product market competition,
when measured as the price-cost margin (Lerner Index)
or market concentration (Herfindal-Hirshman Index),
depends on the features of different markets [Gilbert,
2006]. Since there are forces both in favor of and against a
positive relationship between market power and inno-
vative activity, the result is an empirical matter. To the
extent that a pure monopoly is rare in the real world, ex-
isting empirical studies have focused on the relationship
between market concentration and innovation, with the
underlying assumption that firms in more concentrated
markets tend to have more market power. The present
paper will take the same approach to revisit the empirical
evidence on the Schumpeterian hypothesis.
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Empirical Evidence of the Impact of
Industrial Concentration upon Company
Innovation

Despite its well-developed work, the theory leaves signifi-
cant gaps in understanding the effects of market structure
on innovation and, hence, it is all the more important to
turn to empirical studies. The now extensive empirical
literature on industrial concentration and firm perfor-
mance paints a mixed picture [Baumol et al., 2007]. Of
particular interest is the empirical evidence of the effect
of the interaction between a market structure and, hence,
the level of competition on the innovation output. Apart
from the relationship between concentration and innova-
tions, we examine whether or not the link has an inverted
U-shape. This section critically reviews the empirical
literature on the relationships between innovation and
market structure.

Scherer [Scherer, 1982] was the first researcher to analyze
the relationship between concentration and the number
of patents controlling for technological opportunity by
dummy variables for a sample of 48 industries, mainly
from the chemical, mechanical engineering and electrical
engineering sectors. He found no statistically signifi-
cant effect of concentration on patents [Scherer, 1982].

In addition, Levin and Reiss [Levin, Reiss, 1988] found

a similar inverted-U relationship between the measure

of innovative output, constructed based on data from a
survey of R&D executives in 130 industries, and con-
centration. However, the inclusion of fixed sector and
firm effects made the coefficients on concentration and
its square statistically insignificant [Levin, Reiss, 1988].
Similar conclusions about the uncertainty of the relation-
ship between competition and innovation are reached

Table 1

by Schmutzler [Schmutzler, 2013], who argues that

“an inverse U-shaped relation between competition and
innovation is not necessarily more likely than a U-shaped
relation”. They generally support a non-monotonic rela-
tionship between competition and innovation, but the
presumed inverted-U is robust, with only little variation
in the specifications and the indicators used [Schmutzler,
2013]. Nevertheless, for developed countries, the majority
of researchers give evidence that the relationship between
market structure and firm performance is mostly positive,
while the shape is not so obvious. Specifically, the study
done by Creusen et al. [Creusen et al., 2006] on the
relationship between competition and innovation in the
Dutch retail sector also finds a positive relationship, but
with no evidence for the existence of an inverted-U. At
the same time, Medvedev and Zemplinerova [Medvedev,
Zemplinerova, 2005] in a study on the Czech economy
found that market concentration reduces innovation.
Howitt [Howitt, 2007] observes a positive correlation
between product market competition and innovativeness
within a firm or industry for the Canadian economy. The
implied U-shaped relationship appears counter-intuitive
but finds some support in recent theoretic models, e.g.,
by Schmutzler [Schmutzler, 2013] or Tishler and Milstein
[Tishler, Milstein 2009]. But as Gopinath et al. demon-
strated, better firm performance may not necessarily be
due to increased concentration; rather the latter may
simply be a proxy for other factors like the presence of
scale economies [Gopinath et al., 2004].

Stimulated by the recent developments in economic theo-
ry, data access, and measurement, the papers collected in
this issue add important new pieces to the puzzle, bringing
one closer to a consistent overall picture. The brief over-
view of the empirical studies is presented in the Table 1.

Empirical studies about influence market power on innovation

Innovation measure/ Conclusion

Concentration measure

Author, year

Sample

Peroni and Ferreira R&D expenditure/profit Comprehensive firm  Positive impact of concentration

(2012) elasticity measure and industry level No support an inverted-U
data relationship
Polder and Veldhuizen Boone’s profit elasticity/ Dutch companies Nonlinear relationship: marginal
(2012) Price cost margin effect of competition turns
from positive to negative as the
technology spread within an
industry increases
Boone (2001) R&D expenditures/ Dutch companies Positive impact of concentration
Competition U-shaped relationship
Aghion et al. (2008) Markup/HHI South African firms  High market concentration leads to

lower performance

40 Higher School of Economics



Journal of Corporate Finance Research / KopriopaTviBHble rHaHCHI

2017 |Vol. 11 | Ne 1

Author, year

Innovation measure/

Concentration measure

Conclusion

Klerxa et al. (2015)

R&D, patents/Boone index

World Bank
Investment Climate
Survey for 70
developing countries

Monotonic negative effect of
competition

Gayle (2003)

Citation-Weighted
patent, market share/
Concentration Ratio for 4
largest shareholders

US manufacturing
firms

Strong evidence of an inverted-U
relationship

Hopman and Rojas-
Romagosa (2010)

Competition and
Innovation measures

52 4-digit industries
in 23 OECD
countries

(1987-2007)

Evidence on inverted U-relationship

Gorodnichenko et al.
(2010)

R&D intensity/One minus
the Lerner index

Data on 27 transition
economies

Positive and significant elasticity,
monotonic relationship

Medvedev and Penetration ratio/ Czech companies Firms with market power are the
Zemplinerova (2005) Herfindahl-Hirschman innovators
index No support of an inverted
U-relationship
Kraft (1989) R&D/Monopoly power West German firms ~ Competition
operating in the
metals industry
Carlin et al. (2004) Sales growth/Number of State-owned firms in  Strong positive impact of

competitors, market power

transition countries

concentration on innovative activity

Creusen et al. (2006)

Relative profits
measurement/Entry and
exit rate

Dutch retail trade
between 1993 and
2002

Monopolies innovate less than firms
facing few rivals.

There is also some less clear-
cut evidence of an inverted
U-relationship

Mairesse and Mulkay R&D/Gini coefficent French companies Competition induces more
(2007) innovation

Tingvall and Poldahl R&D/HHI, price cost US and French firms ~ Concentration for US
(2006) margin No evidence for French ones

The existing empirical studies on this subject face the issue
that the relationship between competition and innovation
is endogenous [Jaffe, 2000; Hall, Harhoff, 2012]. Moreover,
clean and direct measurements of innovation and com-
petition are usually not available in the data field, which
can lead to the additional problem of measurement error
[Aghion et al., 2014]. Various empirical approaches to the
identification of causal relationships between patenting
activities and innovation are represented in Murray and
Stern [Murray, Stern 2007], Williams [Williams, 2013],
Galasso and Schankerman [Galasso, Schankerman 2015].
The analysis of the papers has shown the peculiarities

of the issue. The main characteristic of the empirical
literature on the innovation-market structure hypoth-

esis is its inconclusiveness. However, the main results
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could be underlined. First, a number of the studies found
evidence of a positive relationship between concentration
and innovation, although many authors failed to provide
any support for the Schumpeterian hypothesis, both for
developed and emerging countries. Second, there is even
less evidence of a positive relationship between innovative
output and market structure. Overall, support for Schum-
peter’s hypothesis is weaker when the number of patents
rather than R&D expenditures is used as the innova-

tion measure. The issue appears from the evidence that
while the Schumpeterian hypothesis is that innovation

is higher in the presence of market power, most of the
literature has actually tested different hypotheses, namely
that innovation is higher in concentrated markets. The
implicit assumption is that market power, i.e., the profit

Higher School of Economics



Journal of Corporate Finance Research / KopnopaTtviBHble (rHaHCh

2017 |Vol. 11 | Ne 1

margin or mark-up, is greater in concentrated markets.
This is not obvious in a situation where market structure
is considered an endogenous parameter [Aghion et al.,
2014]. Third, many studies investigate the market con-
centration-competition dilemma by estimating different
measures (C4 ratio, Herfindahl-Hirshman Index, Lerner
Index) based on industrial level data. Finally, for most of
the firms from emerging markets, innovations are not just
created through original inventions but also by adopting
new means of production, new products and new forms
of organization [Gayle, 2003]. Hence, we include not
only core inventions but also adoptions into the term
innovation. Therefore, we focus on relationship between
the company position and power in the industry by using
micro-level data and analyzing not only the level of con-

Figure 1. The Research Framework

centration but also market share and innovation output
by estimating the number of patents. In the next part of
the paper, we provide the framework for the study.

The Theoretical Framework
of the Research

The literature review suggests the hypotheses according to
which innovation is influenced by the industry structure.
Our conceptual model is presented in Figure 1. The ar-
guments mentioned as an explanation for the positive in-
fluence of industry concentration on innovative behavior
is related to the assumption that in highly concentrated
industries, large firms possess market power.

Market Power

Innovations

A
Y

Firm and Industry Characteristics

[ Level of competitiveness J <
[ Technological level ] <
[ Company Size ] <

[ Market Experience ] <
[ Foreign competition ] -

According to empirical papers, different measures for innovation and concentration (or market power) are used. For
competition, the most popular are the Lerner Index, price-cost margin, the Herfindahl-Hirshman Index. All of them
have strong theoretical backgrounds and reflect different aspects of competition. Although in theoretical models the

Lerner Index is defined as

LI :P_—A/IC (1)
P

with P - the price and MC - the marginal costs of a given product,

in practice the marginal costs cannot be observed, therefore the LI more often is defined as follows:

Il Gross operating surplus — Financial costs

Output

(2)

The motivation behind this definition is that it is a (scaled) measure of the profits of firms. The gross operating surplus is
large (net of financial costs) compared to turnover, which can be seen as an indication that there is little competition for
a firm (or industry/sector), for if there were a lot of competition, firms would lower their prices for a larger market share,
which would increase their profits [Creusen et al., 2006].

Closely related to the Lerner index is the markup and its corresponding competition measure, which we define following
Griffith et al. [Griffith et al., 2006] as:

Value added

~ Labour costs + Capital costs

3)
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This measure has several advantages over other indica-
tors. These other measures rely more directly on precise
definitions of geographic and product markets, which is
particularly difficult in our application. A drawback of
the price-cost margin is that this measure may point to
deviating changes in competition if the underlying deter-
minants of these changes also increase shifts in market
shares [Creusen et al., 2006].

In our study, we use the Herfindahl-Hirshman Index
measuring the number of firms in an industry and their
concentration:

S
HHI=YS} (4

i=1

In a perfectly competitive market, HHI approaches zero.
In a monopoly, HHI approaches 10,000 if the single
largest firm holds 100% of the market. In our study we
use the synthesized indicator based on HHI estimated for
the industries in order to estimate the market power of a
company’s position:

MP = HHI * Firm Market Share (5)

where market share is measured based on the percentage
of total revenue.

With respect to the innovation indicator, the literature
shows a variety of measures of innovations. They can be
classified as inputs, typically through the R&D efforts of
firms, or output indices. Measures of innovative output
include the number of patents, the number of significant
innovations, and various indices of the market value of
innovations. There are serious problems with all these
measures, however. Attempts to count the number of
significant innovations are subject to some uncertainty
and possible biases in the evaluation procedure as well as
the different level of significance for different innovations.
Nevertheless, as Acs et al. noticed, these variables are
clearly imperfect proxies for the actual value of innova-
tions [Acs et al., 2004]. Another approach was suggested
by Amiti and Khandelwal [Amiti, Khandelwal, 2013], who
measure the “quality” of products that are exported from
56 countries to the US, and use that as a proxy for innova-
tion. The quality of a product is an index that consists of
information about product price, its market share [Amiti,
Khandelwal, 2013]. But the level of analysis is a product,
which is not appropriate for our research. Due to these
reasons in the paper, following Aghion et al. [Aghion et
al., 2009], we apply the number of patents as a measure of
innovation output. Gayle [Gayle, 2003] found that innova-
tive activity, as measured by his citation-weighted patent
counts, increases with industry concentration. A more
modern approach, reflecting the heterogeneous value of
patents, assumes the weight of each patent by the number
of times it has been cited by another patent. Gayle [Gayle,
2003], however, resuscitated the Schumpeter hypothesis
by changing the measure of innovation from simple patent
counts to a citation-weighted patent count. He argued
that simple patent counts, used by his predecessors, treat
technologies covered by patents as equal in their economic
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and social value [Gayle, 2003]. However, he persuasively
argued that the value of individual patents does vary across
industries. He argued that his citation-weighted patent
counts measure innovation more accurately [Gayle, 2003].

The theoretical relationship between industry concentra-
tion and patent activity depends on the reasons why firms
have patents. If firms in a particular industry primarily
patent to recover their R&D investment, this is because
the characteristics of their technology make patents an
effective instrument to obtain monopoly profits, then the
industry may become more concentrated as patent activ-
ity increases. One of the arguments most frequently put
forward to rationalize the hypothesis of the positive effect
of market power on innovative activity is that firms with
market power can more easily appropriate the returns
from their innovations.

H1: The greater market power a firm has, the greater inno-
vations it produces.

Theoretically, it is expected that a positive and non-linear
relationship exists between concentration and innova-
tions, so that with an increase in market concentration,
initially R&D expenditure increases, but after a certain
level of concentration is achieved, the reverse happens.
The second hypothesis is based upon the main prediction
from the model of Aghion et al. [Aghion et al., 2005].
Their empirical investigation using a panel of UK firms
shows an inverted-U relationship between competition
and innovation.

H2: Innovation is increasing in competition at low levels of
competition and decreasing at higher levels, or there is an in-
verted U-relationship between competition and innovation.

As was underlined earlier, the strength of the relation-
ship depends on the level of technological development,
whether a company is a technological leader or laggard.
Aghion et al. [Aghion et al.,, 2005] predict that firms-lead-
ers are affected the most positively by competition.

H3: Technological leaders demonstrate a more positive rela-
tionship between innovation and competition than laggards.

It has long been argued that the relationship between
market structure and innovation is not a simple, one-way
causal relationship, because market structure is affected
by innovative activity. More generally, both variables are
endogenously determined within a complex system of
interactions with numerous other variables. Recognizing
the problem, some authors used instrumental variables for
concentration in the context of single equation models,
while others estimated simultaneous equation systems in
which both innovation and market structure are treated

as endogenous. A second difficulty arises with respect to
industry-specific characteristics which may be correlated
with concentration and may also affect innovation. A
number of studies controlled for technological opportuni-
ty, appropriability conditions, or both. It is very likely that
different industries will have observed levels of patenting
activity that have no direct causal relationship with market
competition, but reflect other institutional features of the
industry. Consequently, industry fixed effects are essen-
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tial to remove any spurious correlation or “endogeneity” E [Pit | C,, X,, Zit] = exp ( B+ B *C, +
of this type. Time effects are also included to remove *x *7 C

common macroeconomic shocks and controlling the fact + B X+ BFLC g )

that the determinants of patenting have likely changed

over time [Hall, Ham, 2001]. Prior literature has found

that the formation of the U.S. Court of Appeals for the For the choice of the relevant firm characteristics, we
Federal Circuit in 1982 created a more patent friendly legal mOSﬂ}’ follow Carlin et al. [Car'lin etal., 2004] and
environment resulting in increased patent activity from Almeida and Fernandes [Almeida, Fernandes 2008],

the mid-1980s through the 1990s [Hall, Ham, 2001]. who use similar data sets to analyze innovation. The set
of explanatory variables includes the relative technology

level, competition, size, age, private and state ownership,
exports and imports. In our sample, firm organization and
governance are likely to be important predictors of perfor-
mance. Thus, we track exporters, firms with foreign direct
investments (who, in our developing country sample, are
likely to be more sophisticated). The latter are likely to be
poor competitors based on the findings of earlier liter-
ature. Since Schumpeter [Schumpeter, 1950], extended
literature has existed relating the rate of innovation to
firm size in developed economies. Below, we explore dif-
ferences across firm size in our sample and treat firm size
as a control variable in our tests of the relationship.

To explore the relationship between industry concentra-
tion and patent activity we use flexible nonlinear estima-
tors to investigate the basic shape of the relationship. In
order to test the assumption, we include into the model
the interaction term of market power and technological
level. Because the number of patents granted to a firm is a
count variable, following Hausman et al., [Hausman et al,,
1984] and Hall and Ham [Hall, Ham 2001], we use a Pois-
son-based econometric model and estimation method.
We estimate this model using the maximum likelihood
for the Poisson distribution with robust standard errors.
That is why we hypothesize that the expected number of
patents granted Pi is an exponential function of industry,
its concentration Ci, technological level Zi, and other
characteristics Xi in the moment t:

The next section is devoted to the empirical part of the re-
search.

The Empirical Study on Concentration-Innovation Relationship
The Dataset

The sample for the study includes annual data about Russian public companies from 2004 to 2011, or 3648 observations.
In total, the sample includes 25% of the companies who engage in export activity. Apart from financial data and intangible
proxies, the dataset consists of information about market share as well as estimated HHI on 5-digit industry levels. The
final database consists of different kinds of information from various publicly available sources. About 78% of the sample
firms belong to high and medium concentration industries (according to the Herfindal-Hirshman Index definitions); just
13% belong to high-tech industries (33% to medium ones).

Table 2 presents the indicators chosen for the model according to the framework based on the previous studies and calcu-
lation algorithm.

Table 2

List of indicators used in the study

Name of the indicators Description of variable

Patents Number of patents

Concentration Herfindahl-Hirschman Index (HHI) * Total revenue of the company/Total revenue of the
industry (market share)

Concentration™ (HHI * Market share) *?

Type of industry Type of Industry according to OECD classification traditional - 0, high-tech - 1
Export Export presence, yes-1, no-0.

Foreign Capital Owners Foreign ownership presence, yes — 1, no - 0

Size Number of employees, number of people

Experience Number of years since the date of establishment, years

Year Year-dummy for 2008

All data were subjected to panel data analytic techniques using the statistical package Stata 12.0. To test the hypotheses,
econometric procedures are used. The next part of the paper is devoted to the results of the testing of the hypotheses.
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1.1. Empirical findings

This section presents the empirical evidence of the impact of intangibles on the relationship between exports and company
performance.

In our sample (Table 3), representatives of Russian manufacturing companies are relatively large, regardless of size mea-
surement criteria (the number of employees and total assets), have positive financial outcomes measured by ROE, ROA
and operation margin on average. As expected, the figures in Table 3 prove the huge heterogeneity of the companies within
the sample. One reason for this differentiation is the different innovation behavior.

Table 3

Descriptive statistics of the sample

Variable Mean Std. Dev. Min Max
Age 57 57 0 289
Number of Employees 5258 4785 36 24713
Intangible Assets 35.67 304.50 0.00 6616.23
Capex 24.21 67.15 -155.75 563.88
Operation Margin 0.11 0.13 -0.57 0.70
Patents 58 158 0 1292
ROA 0.09 0.11 -0.27 0.78
ROE 18.35 23.72 -8.62 99.59
Productivity (Sales per employee) 0.22 1.22 0.00 13.47

Table 4 shows summary statistics for the main variables and the conclusion of the equality test of the means, by concen-
tration categories. As regards the firm market power, the groups significantly statistically differ from each other by many
indicators, expressing the heterogeneity of the groups. According to the HHI meanings, 31% of companies operate in high,
47% - in medium, 22% - in low concentrated markets. On average, firms from high concentration industries are larger,
both in terms of financial performance and employment. About 50% of the sample represents low tech industries, while
only 14% of companies work in high-tech sectors. Finally, whatever the industry structure is, investments in intangible
assets measured by capital expenditures as a proxy are not significantly different. At the same time, it is interesting to note
that, contrary to our main hypothesis, according to the definition of count patents, firms from more competitive industries
have more patents than from imperfect ones.

Table 4

Descriptive statistics for qualitative variables: low and high concentration industries

Variable Mean for low  Mean for high Pr(|T| > [t|)
concentration concentration
Intangible assets 0,72 5,11 0.04
Number of employees 5165,00 8207,00 0.00
Age 69,00 58,00 0.00
Capex 13,89 21,60 0.14
Patents 35,05 26,57 0.00
ROA 0,05 0,08 0.05
ROE 13,21 20,55 0.32

We started our analysis with an investigation of the correlation matrix to check whether our sample presents the problem
of multicollinearity. All calculations, as seen from Table 5, suggest no major multicollinearity issues for the variables.
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Table 5

Matrix of pairwise correlations between variables

Mar. Mar. Tecn.
Power Power2  level Exper. Export FDI Empl
Market Power 1.000
Market Power? 1.000 1.000
(0.000)
Technological level of ~ 0.492 0.187 1.000
industry (0.000) (0.000)
Experience -0.125 -0.054 -0.025 1.000
(0.000) (0.514) (0.481)
Export 0.008 0.042 0.151 0.0201 1.000
(0.826) (0.225) (0.000) (0.571)
FDI -0.162 0.076 -0.226 -0.042 0.101 1.000
(0.000) (0.033) (0.000) (0.233) (0.004)
Employees 0.028 0.198 0.121 (0.038) (0.141) (-0.135) 1.000

(0.496) (0.000) (0.003) (0.363) (0.001) (0.001)

After that, we run our regression with the interaction effect between market power and technological level controlling for
the robustness. The results of tests for the existence of first and second order autocorrelation are taken into account. Table
6 reports the results of regression analysis.

Table 6

The regression results

Variables Coefficient Std. Err. P>z
Market Power 0,134 0,075 0,073
Market Power? -0,390 0,074 0,000
Technological level * Market power 0,397 0,104 0,000
Experience 0,002 0,000 0,000
Export 0,088 0,063 0,159
Foreign Direct Investments 0,145 0,086 0,091
Number of employees (In) 0,289 0,037 0,000
Year 2008 0,003 0,080 0,967
Constanta -1,545 0,308 0,000
Log pseudolikelihood -740.290 Pseudo R*  0.062 Number of obs
Wald chi*(8) 177.020 Prob > chi*  0.000 2287

Table 6 shows that the signs of most coeflicients of the explanatory variables fit well with the theoretical assertions as de-
picted above and we accept our hypotheses. In whole, we could conclude that the model is significant but with a low level
of explanation power (pseudo R? is 6%). To determine if market power itself, overall, is statistically significant, we applied
the two degree-of-freedom chi-square test, which indicates that market power, taken together, is a statistically significant
predictor of patents (chi*(8) = 177.02; Prob > chi* = 0.000). For testing the fit of the model, we obtained the goodness-of-
fit chi-squared test. It allows for answering the following question: does the Poisson model form fit our data? As seen in
Table 7, we conclude that the model fits well because the test is not statistically significant.
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Table 7
The results of the Goodness-of-fit test

Goodness-of-fit Prob > chi?

Deviance goodness-of-fit = 419.7847

Prob > chi?*(2256) = 0.6415

Pearson goodness-of-fit = 307.6358

Prob > chi*(2256) = 1.0000

Increases in market power have a significant positive
impact on innovations in the Russian manufacturing
industry, which means that we accept the H1. Additional-
ly, we have tested the existence of an inverted U-relation-
ship and have supported the theoretical notions of this
relationship in H2: there is evidence that competition is
more positively correlated with innovation at a relatively
low level of competition. This can be seen from the posi-
tive coefficient of the linear term and the negative square
term. In this specification, a marginal increase in compe-
tition at high levels of competition seems to be associated
with a decline in innovation as would be suggested by the
inverted-U hypothesis. This may be appropriate because

a large firm has a stronger impact on the competitiveness
of the market than a small firm. Being a leader from a
technological point of view significantly differs from be-
ing a laggard in the case of imperfect competition and the
existence of market power, as is shown by the significant
interaction effect. This would suggest that leaders do ben-
efit more from competition than laggards in innovation
creation, which is in line with H3. The signs are as expect-
ed and the interaction terms lead to a positive number,
but there is still only weak evidence that leaders innovate
the most. Further, the empirical results also point out that
firms with a higher market share, exploring international
markets or owned by foreign investors innovate relatively
more actively than firms with a lower market share, work-
ing on domestic markets only or having local owners. The
results obtained in the research have different implica-
tions, which will be analyzed in the final part of the paper.

Conclusion

The purpose of this paper was to analyze how firms’ inno-
vation output is related to their position in the industry
or their market power. The specifics of the research are
dealing with developing markets, where most of the com-
panies are far from the technological frontier and where
markets are “historically” concentrated. For the emerging
economies, the empirical facts are controversial, while the
recommendations have strong practical implications from
the industry and company policy view. The effect of the
industry structure and on firm innovation is of particular
policy interest, since it is likely to be easier to control the
amount of incumbents and the openness of the market

to competition, than to reform a country’s legal and
financial institutions [Klerxa et al., 2015]. Following most
of the researchers in this topic, we consider measures of
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industrial concentration as a proxy indicator for competi-
tion. In order to match the industrial concentration index
with companies we develop a measure multiplying the
index and the firm market share.

Our study provided preliminary insights into the rela-
tionship between innovation and competition in Rus-
sian manufacturing. It found a positive and nonlinear
relationship between innovation and concentration,
supporting theoretical notions of the existence of an
inverted U-relationship. Innovation increases more than
proportionately with the firm size because firms with
greater market power are better able to finance R&D from
their own profits and can more easily appropriate the
returns from innovation and hence have better incentives
to innovate. What all these mechanisms have in common
is the fact that they involve a one-way causality, from
market structure to innovative activity.

Due to an inverted U-shape curve, stimulating competi-
tion seems therefore encouraging for innovation. One of
the concepts which could be applied is a cluster model,
assuming the combination of cooperation and competi-
tion (it is known as “coopetition”). According to it, there
are benefits which the company has when operating in

a cluster as sharing large fixed R&D costs and spreading
the risks, economies of scale, a better position to exploit
unforeseen innovations, and better access to external
finance. Moreover, a positive influence of foreign di-

rect investments on innovations allows for considering
foreign partners key sources of knowledge. A variety of
arguments have been advanced in support of the hypoth-
esis that innovative activity is favored by high concentra-
tion and large firm size. Many counterarguments have
also been suggested. Some of these involve behavioral
characteristics and are hard to test in general, so only
circumstantial evidence on their validity may be available.
An example is the notion that market power caused by
the absence of competitive pressures may lead to inertia
and hence to lower innovative activity.

The results from the analysis of the data has shown that
firms that have more advanced technology innovate
more if they operate in highly concentrated industries
and have a great amount of market power. The result that
leaders do innovate more than laggards in concentrat-
ed industries, thus, is consistent with the theory. Firm
ownership and business organization are also important
determinants of firm innovation. Export-oriented firms
are, in general, more innovative than domestic and those
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organized in partnerships with foreign investors are more
innovative than firms financed by local holders. The iden-
tity of the controlling shareholder seems to be particular-
ly important for the introduction of a new technology.

During this research, several limitations rose to the surface.
Some of these were known right from the start of this
research and some were found during the process, which
gives a broad domain for future investigation. One of them
is testing the “incomplete” relationship - only between con-
centration and innovation. Evidence from emerging mar-
kets demonstrates the unclear assertion that competition
may directly encourage firms to attain higher productivity
levels by innovating. However, the general idea that inno-
vation is an important driver behind productivity growth is
supported. Combining the positive impact of innovation on
productivity with the positive impact of competition on in-
novation suggests that competition has a secondary indirect
effect on productivity growth via innovation. If competition
leads to higher innovation incentives, indeed, the initial
effect of competition on productivity becomes even strong-
er in the long term. The second issue concerns the severe
endogeneity problem, since firms may have market power
because they are innovative. More precise measures could
be used to fix the problem. The main problems with patent
counts are that patents differ greatly in their economic
value and that the propensity to patent varies significantly
across industries. Measures of supplier concentration suffer
in particular from the difficulty to draw appropriate bound-
aries between different markets. Moreover, most firms
within the same industry classification do not compete for
the same businesses. Typically, heterogeneous firms special-
ize in different products and services, quality segments, or
geographic areas, even if they belong to the same industry
classification at very low levels of aggregation. On the other
hand, in most cases competition through imports from
suppliers abroad is not considered.
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