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Abstract

Motivation: This article sets out to clearly elaborate upon the relationship between market
structure and firms” R&D — the problem formulated by Joseph Schumpeter and widely
discussed in the history of economic thought.

Aim: This paper aims to explain the main controversies which occurred in economic liter-
ature over the Schumpeterian hypothesis.

Results: The sources of controversies mentioned above are identified. Those controversies
boil down to the following points: (1) ‘early’ or ‘late’ Schumpeter, (2) firm size or market
power, (3) demand-side or supply-side arguments, (4) structure in R&D stage or struc-
ture in product market stage, (5) type of R&D considered (process or product). The clas-
sification of standpoints on the relationship between market structure and firms’ R&D is
proposed. The above classification allows to understand complexity of the ‘market—R&D’
links, and avoid at least some controversies over the Schumpeterian hypothesis.
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1. Introduction

As Dolfsma & van der Velde (2014) observe, the question which type of mar-
ket structure promotes firms’ R&D has drawn much attention from both aca-
demic economists and policy makers. Schumpeter (1911; 1934; 1942) pioneered
the research on the relationship between market structure, firms’ R&D, and in-
dustrial innovation. Interestingly enough, Schumpeter’s answer to the ques-
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tion which type of market structure spurs corporate R&D initiated a heated
and long-standing economic debate which includes quite a lot of misunder-
standings and controversies.

'The aim of this paper is twofold. First, the purpose of this article is to dis-
tinguish between the answer given by ‘early Schumpeter’ (Schumpeter, 1911)
and the answer given by ‘late Schumpeter’ (Schumpeter, 1942) to the question
about market structure and firms’ R&D. As shown further in this paper, those
answers constitute completely different ideas. The second aim of this article is
to explain the main controversies which occurred in economic thought over
Schumpeterian hypothesis. To achieve the above goals, the large body of eco-
nomic literature from 1911 to 2020 is reviewed.

'The paper proceeds as follows. The next section presents the method. Sec-
tion 3 is devoted to Schumpeter’s answers to the question of market structure
and firms’ R&D. The ideas of ‘early’ and ‘late’ Schumpeter are there presented.
Further, the influential Arrow’s standpoint opposed to the Schumpeterian one
is discussed. The subsequent section explores the answers given to the Schum-
peter’s question by d’Aspremont & Jacquemin (1988), and their followers. The
sixth section presents the results. Section 7 concludes the article.

2. Methods

The present paper constitutes a comprehensive review article on the Schum-
peterian hypothesis and its evolution in the history of economic thought. The
main voices in the heated economic debate on the relationship between mar-
ket structure and firms’ R&D are here presented and discussed. The large body
of literature from 1911 to 2020 is reviewed in an informed manner. The sophis-
ticated concepts are illustrated with the original graphical models. The various
standpoints on the relationship between market structure and firms’ R&D are
further classified and succinctly presented in tables. This article reconstructs
the long-standing debate on the Schumpeterian hypothesis, and serves as an
invitation to a further discussion on the topic.

3. Schumpeterian hypothesis

Surprisingly, there are quite a lot of controversies over the Schumpeterian hy-
pothesis (Acs & Audretsch, 1988; Andersen, 2009; Braunerhjelm & Svensson,
2010; Breschi et al., 2000; Czegledi, 2017; Dhanora et al., 2020; Kamien &
Schwartz, 1982; Lee & Sung, 2005; Nelson, 1990; Schneider, 1975; Schum-
peter, 1934; 1942; Tirole, 1988).

First, it is worth underlining that Schumpeter’s thinking about the rela-
tionship between market structure and firms’ R&D evolved over time (Acs &
Audretsch, 1988; Andersen, 2009; Nelson & Winter, 1982). The historians
of economic thought distinguish between Schumpeter Mark I (ideas of ‘early
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Schumpeter’) and Schumpeter Mark II (ideas of ‘late Schumpeter’) positions
(Dolfsma & van der Velde, 2014; Malerba, 2002).

Schumpeter as a young researcher (at the age of 28 years) published in Ger-
man The theory of economic development (the book appeared in 1911, see the Eng-
lish version, 1934), where the innovative R&D is linked to the entrepreneurial
firm new to the market. The conceptual model of Schumpeter’s thinking from
1911 is given in scheme 1.

3.1. Ideas of ‘early Schumpeter’

The central role in the evolution of the economic system is given by Schum-
peter (1934; Andersen, 2009) to the entrepreneur. According to Schumpeter,
the entrepreneur is a man of action who is (1) not the capitalist (banker), (2)
not the bearer of the economic risk, (3) not the manager of the firm, and (4)
not the inventor. The Schumpeterian entrepreneur is a creative person who sets
up a new firm based on the invention made by the inventor. The entrepreneurs
are persons with a specific kind of intelligence, energy and leadership which
are only in a minority of economic agents (Andersen, 2009; Schneider, 1975;
Schumpeter, 1934).

The new firm is financed through credit given by the banker who is moti-
vated by the share in the firm’s expected supernormal profit (Andersen, 2009).
As we can see, the entrepreneur and the following R&D-based innovation are
dependent in the Schumpeterian system on the ideas of inventors and credits
given by the capitalists. Inventions are novel devices or production methods
which are not obvious to experts in the given field (Parayil, 1991). According
to Schumpeter, inventions appear without interruption, so they constitute
a continuous economic process (in contrast to discrete processes which take
place in the economy) (Andersen, 2009).

New firm established by the entrepreneur performs R&D works and further
introduces the innovation in the marketplace. In the Schumpeterian system, in-
novation is not just an invention. Not all inventions can be transformed into in-
novations successfully commercialised in the competitive market. Schumpeter
distinguishes five types of innovation — process (a change of the production
routine), product (a new type of product), organisational (a change in the rou-
tine underlying behaviour in the firm), market (an introduction of a product
used routinely by one group of consumers into the consumption routine of a dif-
ferent group of consumers), and input (a new raw material) (Andersen, 2009;
Schneider, 1975). Innovations appear with interruptions, so they constitute
a discrete economic process. The financial outcome of an innovation is the su-
pernormal profit earned by the entrepreneurial firm. The supernormal profit
allows to repay the banker the credit with interest.

The banker gives next the potential imitators credits. The potential imitators
are the market incumbents and competitors of the entrepreneurial firm. They
are interested in having the same technology which now belongs to the entrepre-
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neurial firm. The innovative behaviour of the entrepreneurial firm and the im-
itative behaviour of incumbent firms initiate the process of creative destruction
(Schumpeter, 1934) of the routinised economic order. The process diverts
the means of production from previous uses, forces the routinised economy
onto new paths, and eventually leads to the new state of a stationary equilibrium
(Andersen, 2009; Schneider, 1975). The creative destruction annihilates firms
which cannot challenge their routines and adapt to the new market conditions.

The economy in the stationary form consumes entirely the net national
product (investments equal depreciation of capital) (Andersen, 2009; Schnei-
der, 1975; Schumpeter, 1934).

Based on Schumpeter (1911; 1934), we thus can formulate the early version
of Schumpeter’s hypothesis (SH1): the R&D-based competition between en-
trepreneurial firm and incumbent firms determines a supply of innovations
in the marketplace.

3.2. Ideas of ‘late Schumpeter’

Schumpeter (1942) presented a significantly modified concept of the market
structure and firms’ R&D (see, scheme 2). The roles of inventors, bankers, en-
trepreneurs and their innovative firms have been replaced with the functions
of large monopolistic corporations (Acs & Audretsch, 1987; 1988; Andersen,
2009; Cohen & Klepper, 1996). According to Schumpeter (1942), the large
monopolistic firms internalised the activities of inventors, capitalists and en-
trepreneurs. The role of inventors has been taken over by the R&D depart-
ments of large corporations. The role of bankers was no longer essential due
to the accumulation of supernormal profits by the monopoly. Finally, the role
of entrepreneurs has been taken over by corporate managers. In Schumpeter’s
(1942) view, monopolies can effectively capitalise on their resources (intellec-
tual, financial, operational) and outcompete the other, less concentrated, mar-
ket structures.

It is worth stressing that for ‘late Schumpeter’ the innovative process re-
mained discrete, so the innovations were introduced by monopolies with inter-
ruptions. The adaptive process initiated by the introduction of an R&D-based
innovation was no longer a creative destruction, since no firms were annihilated
in the monopolistic market.

Based on Schumpeter (1942), we can now formulate the late version
of Schumpeter’s hypothesis (SH2): the monopoly generates a larger sup-
ply of innovations due to advantages which, though not strictly unattainable
on the competitive level, are as a matter of fact secured only on the monopoly
level (Andersen, 2009; Schneider, 1975).
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3.3. Firm size or market power

The second serious controversy over the Schumpeterian hypothesis relates
to the term ‘monopolistic corporation’ (Schumpeter, 1942). Some authors un-
derstood it as a (1) large size of a firm (‘corporate bigness’, see Tirole (1988),
for a wider discussion), but some interpreted it as a (2) high market power.
It is worth stressing that firms with a high market power, do not necessarily
have to be large in size, measured by the value of assets, the value of sales, or
the number of employees (see Fisher & Temin, 1973; Karbowski, 2019; Lee &
Sung, 2005; Tirole, 1988). Schumpeter (1942) did not notice the above discrep-
ancy, and treated monopolistic corporations as both large in size and with a high
market power. Therefore, the authors who followed Schumpeter (1942) tested
either the relationship between (1) firm size and R&D or (2) market power
and R&D. The shortlist of representative authors and studies is given in table 1.

The third bitter controversy over the Schumpeterian hypothesis relates
to the choice of supply-side or demand-side arguments. Schumpeter (1942),
again, did not distinguish any of the above classes of arguments. Schumpeter
(1942) referred to both supply-side and demand-side advantages of the mo-
nopoly. However, such an approach was criticised by Galbraith (1952), who
suggested the supremacy of the supply-side arguments (availability of all nec-
essary resources at the monopoly level — intellectual, financial, commercial;
economies of scale in R&D projects; avoiding duplication costs). Arrow (1962),
in turn, suggested that the demand-side arguments (incentives to undertake
R&D) are supreme. The rigorous analysis of the demand side of the Schumpete-
rian hypothesis led Arrow to deny the hypothesis (SH2) itself. Based on the de-
mand-side arguments, Arrow claimed that competition rather than monopoly
promotes firms’ R&D (Baker, 2007).

4. Arrow’s standpoint

Arrow (1962) analysed firms’ incentives to perform R&D works under differ-
ent market structures (oligopolistic competition, monopoly, and social planner
case). For those market structures, Arrow determined the value of an R&D-
based innovation measured as a change in the discounted value of economic
profits after the introduction of a process innovation (Karbowski, 2016). Arrow
proved that the value of a process innovation for a monopoly is smaller than
the value of a process innovation for an oligopolistic firm, and the value of a pro-
cess innovation for an oligopolistic firm is smaller than the value of a process
innovation for the social planner.

The value of an innovation constitutes an incentive to perform corporate
R&D works. Since the value of an innovation under oligopolistic competition
dominates the value of an innovation under monopoly, Arrow concluded that
competition rather than monopoly spurs firms’ R&D and corporate innovation.
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As Baker (2007) observes, a monopoly might perform less R&D works than
a competitive firm, because a monopoly has more to lose. Even if the monopolist
spends a lot of money on R&D and makes a radical innovation (Tirole, 1988),
it cannot take over the market which was already controlled. In contrast, if
the compedtitive firm invests in R&D and introduces a radical innovation, it takes
over the market which was competitive. The above limitation on the incentive
of the monopolist to perform R&D works is called the ‘replacement effect’
(the monopoly via radical innovation can only replace itself, while the compet-
itive firm can capture the previously competitive market) or the ‘Arrow effect’
(Baker, 2007; Shapiro, 2012).

Arrow’s standpoint was further supported by economists who matched
corporate R&D investments with a relatively weak incumbency position (for
reviews see Adner & Kapoor, 2016; Christensen, 1997; Shapiro, 2012). Firms
without a strong incumbency position usually have a greater incentive to invest
in R&D compared with the (often natural) monopolist because they are not tied
to an installed base of customers (Adner & Kapoor, 2016; Christensen, 1997;
Shapiro, 2012). By contrast, firms with a strong incumbency position are of-
ten reluctant to invest in R&D unless such investments allow to block potential
entrants.

Arrow’s standpoint has several limitations. First, Arrow’s (1962) analysis
takes into account only oligopolistic competition, and precisely, only Bertrand
oligopolistic competition. Perfect competition, monopolistic competition or ol-
igopolistic competition in a different style (Cournot, Stackelberg, price leader-
ship) are neglected. Also, Arrow considers only process innovations. Though
important, they are essentially different than the other types of innovation for
which the adequate analysis is needed. Lastly, Arrow’s reasoning almost com-
pletely omits the supply-side determinants of firms’ R&D investments and their
interplay with the demand-side factors.

Despite all the above limitations, the Arrow’s reasoning dominated the eco-
nomic research on the relationship between market structure and firms’ R&D
for more than 20 years. At least until 1988, and the publication of the seminal
paper by d’Aspremont & Jacquemin (1988).

5. Standpoint of d’Aspremont & Jacquemin (1988) and followers

It is worth noticing that the structure of the product market (competition or
monopoly) does not have to correspond to the structure of the corporate R&D
(non-cooperative or cooperative) which precedes the product market decisions.
d’Aspremont & Jacquemin (1988) were the first economists who decomposed
the relationship between market structure and firms’ R&D into (1) R&D stage
and (2) product market stage. Thus, firms can, e.g., collude in R&D deci-
sions (coordinate R&D investments and set them like a cartel or a monopoly)
and compete in final product prices or quantities (product market competition).
And the other way around, firms can compete in R&D (set their R&D invest-
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ments unilaterally) and collude in final product prices or quantities (product
market cartel or monopoly).

The decomposition of the relationship between market structure and firms’
R&D allows to put the heated debate (Belleflamme & Peitz, 2015) on competi-
tion and innovation on the right track. Above all, the exact market structures
concerning both R&D and production can be distinguished. The latter helps
a lot in avoiding misunderstandings or confusion related to the competition-in-
novation debate. The possible combinations of R&D and product market deci-
sions are given in table 2.

In R&D competition, firms decide on their R&D investments unilater-
ally to maximize their individual profits, and compete in prices or quantities
in the product market. In R&D cartel/monopoly, firms coordinate their R&D
investments, but compete in the product market. In full cartel/monopoly, firms
coordinate both their R&D investments and product market decisions.

D’Aspremont & Jacquemin (1988) proved that firms’ process R&D invest-
ments are higher under R&D cartel/R&D monopoly compared with R&D com-
petition if the level of knowledge spillovers in the industry is large enough. As
Karbowski (2019) observed, in the presence of spillovers, the returns from cor-
porate R&D investments are not fully appropriable by the investing firms (Bel-
derbos et al., 2018; Czarnitzki et al., 2007; Geroski, 1995; Karbowski, 2019).
The knowledge leaks out to competitors, negatively affecting firms’ incentives
to undertake R&D (Karbowski, 2019). Although the R&D monopoly promotes
process R&D compared with R&D competition, it is important to notice that
the R&D monopoly entails the risk of full industry cartelisation, at the cost
of consumer welfare (Karbowski & Prokop, 2018; Martin, 2006; Miyagiwa,
2009).

The process R&D investments under full monopoly/cartel were, in turn,
always higher than the process R&D investments under R&D cartel/R&D
monopoly (d’Aspremont & Jacquemin, 1988). The d’Aspremont & Jacquemin
(1988) results were replicated by Kamien et al. (1992) and Kamien & Zang
(2000). See also Belleflamme & Peitz (2015), as well as confirmed empirically
by Aschhoff & Schmidt (2008), Becker & Dietz (2004).

The above studies discussed process R&D investments. The relevant research
on market structure and firms’ R&D in the context of product innovation was
done by Karbowski (2019). The results of theoretical analysis present in the lat-
ter paper suggest that product R&D investments under R&D competition are
higher (or in extreme cases equal to) than the product R&D investments under
R&D cartel/R&D monopoly or full monopoly/cartel. The above results are con-
sistent with the empirical findings (Bouncken & Kraus, 2013; Un et al., 2010).

6. Results

The heated discussion on the relationship between market structure and firms’
R&D can be concisely presented in table 3. First, in order to properly frame
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the discussion, we should distinguish between R&D competition, R&D monop-
oly, and full monopoly. Second, it is important to separate process R&D from
product R&D. Then, we can show and classify different standpoints on the mar-
ket structure and firms’ R&D.

Standpoint 1 is as follows — full monopoly spurs process R&D (standpoint 1
consists of three degrees; 1+++ denotes high process R&D investment accord-
ing to the authors who share standpoint 1; 1++ denotes medium process R&D
investment according to the authors who share standpoint 1; 1+ denotes low
process R&D investment according to the authors who share standpoint 1).
Standpoint 2 is as follows — R&D competition spurs process R&D (standpoint
2 consists of two degrees; 2++ denotes high process R&D investment according
to the authors who share standpoint 2; 2+ denotes low process R&D investment
according to the authors who share standpoint 2). Standpoint 3 is as follows —
R&D competition spurs product R&D (standpoint 3 consists of two degrees;
3++ denotes high product R&D investment according to the authors who share
standpoint 3; 3+ denotes low product R&D investment according to authors
who share standpoint 3). And finally, standpoint 4 is as follows — full mo-
nopoly spurs product R&D (standpoint 4 consists of two degrees; 4++ denotes
high product R&D investment according to the authors who share standpoint
4; 4+ denotes low product R&D investment according to the authors who share
standpoint 4).

7. Conclusion

The purpose of this article was twofold. First, we aimed to clearly elaborate
upon the relationship between market structure and firms’ R&D — the prob-
lem formulated by Schumpeter and widely discussed in the history of economic
thought. We distinguished between the ideas of ‘early Schumpeter’ who sug-
gested that competition spurs firms’ R&D and ‘late Schumpeter’ who found
that product market monopoly enhances firms’ R&D in comparison with prod-
uct market competition. Second, our goal was to explain the main controversies
which occurred over Schumpeterian hypothesis in economic literature. We in-
dicated and discussed the sources of controversies mentioned above: (1) ‘early’
or ‘late’ Schumpeter, (2) firm size or market power, (3) demand-side or sup-
ply-side arguments, (4) structure in R&D stage or structure in product market
stage, (S) type of R&D considered (process versus product).

Finally, the classification of even opposite standpoints on market struc-
ture and firms’ R&D was proposed. As regards process R&D, full monopoly
dominates R&D competition according to ‘late Schumpeter’, d’Aspremont &
Jacquemin (1988), and Kamien et al. (1992). R&D competition dominates full
monopoly according to Arrow. As regards product R&D, full monopoly domi-
nates R&D competition according to ‘late Schumpeter’. R&D competition dom-
inates full monopoly according to Karbowski (2019). The above classification
can help understand complexity of the relationship between market structure
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and firms’ R&D, and avoid at least some future controversies or misunderstand-
ings over the Schumpeterian hypothesis. Thus, this article can be useful both
to theorists who construct mathematical models of market structure and cor-
porate R&D and empirical economists who econometrically test the Schumpe-
terian hypothesis. Lastly, this paper may also interest policy makers who make
industrial policy.
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Appendix

Table 1.
SH2 in the representative studies

SH2 interpreted as the relationship between firm size

SH2 interpreted as the relationship between market

and R&D power and R&D
Choi & Lee (2018) Baker (2007)
Cohen (1995) Feichtinger et al. (2016)

Dhanora et al. (2020)
Dolfsma & van der Velde (2014)
Fisher & Temin (1973)
Galbraith (1952)

Kim et al. (2009)

Lee & Sung (2005)

Link & Scott (2018)

Link (1980)
Mansfield (1964)

Guichardaz & Penin (2019)

Lambert (2020)
Lietal. (2019)
Mason (1951)

Nicholas (2003)

Quirmbach (1986)
Scherer (1967)

Shrieves (1978)

Vossen (1999)

Source: Own preparation.

Table 2.
R&D and product market decisions

R&D behaviour R&D stage Product market stage
R&D competition firms do not coo'r(imate their R&D competition between firms in the prod-
decisions uct market

firms coordinate their R&D decisions
(in R&D stage, firms behave like a car-
tel or a monopoly)

R&D cartel/R&D monopoly

firms coordinate their R&D decisions
(in R&D stage, firms behave like a car-
tel or a monopoly)

full monopoly/cartel

competition between firms in the prod-
uct market

collusion in the product market
(in product market, firms behave like
a cartel or a monopoly)

Source: Own preparation based on: d’Aspremont & Jacquemin (1988), Belleflamme & Peitz (2015),
Kamien & Zang (2000), Kamien et al. (1992), Karbowski (2019), Lafay & Maximin (2017).

Table 3.

The classification of standpoints on market structure and firms’ R&D

R&D behaviour Process R&D

Product R&D

1+ (d’Aspremont & Jacquemin, 1988; Kamien & Zang, 2000;

Kamien et al., 1992; Schumpeter, 1942)
2++ (Arrow, 1962; Schumpeter, 1911)

R&D competition

R&D monopoly Kamien et al, 1992)

1+++ (d’Aspremont & Jacquemin, 1988; Kamien & Zang, 2000;

Kamien et al., 1992; Schumpeter, 1942)
2+ (Arrow, 1962)

full monopoly

1++ (d’Aspremont & Jacquemin, 1988; Kamien & Zang, 2000;

3++ (Karbowski, 2019;
Schumpeter, 1911)

4+ (Schumpeter, 1942)

3+ (Karbowski, 2019)

3+ (Karbowski, 2019)
4++ (Schumpeter, 1942)

Source: Own preparation based on: Arrow (1962), d’Aspremont & Jacquemin (1988), Kamien &
Zang (2000), Kamien et al. (1992), Karbowski (2019), Schumpeter (1934; 1942).
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Scheme 1.
Schumpeter Mark I model

repayment of credit

with interest

new credit to
incumbent firms

> imitations

| inventions | | supernormal profits I
A

continuous process

banker

Source: Own preparation.

Scheme 2.
Schumpeter Mark II model.

innovation

A
»{banker

due to innovation

routinised equilibrium
of the economy

—>| creative destruction

A4 innovation
| entrepreneur |—>| new firm
A
credit discrete process

monopoly

discrete process

Source: Own preparation.

| routinised equilibrium

of the economy

y

LI«

Y
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