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Abstract

This paper aims to analyze the role of technological change in altering the intra-sector
competitive landscape of an industry within a Post-Keynesian framework. In order to do so,
we propose a duopoly model that extends the Post-Keynesian theory of the firm accounting
for the relationship between market share, technological change and the growth of firms.
This allows us to note possible market configurations and how these can be propelled or
hindered with firm strategies and public policy. But this model can also be seen as basis
for more comprehensive models that aim to incorporate changes in the micro competitive
structure.
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1 Introduction

In Schumpeter’s (1934, 1942) notion of creative destruction, innovation has an important
role in transforming economic activity. His concept, in simple terms, refers to the process in
which a new product or new method displaces an old one, which becomes obsolete. Since
innovation usually starts from one firm, this process generates a temporary monopoly for this
innovative agent. Through innovation, firms obtain decisive cost, quality or variety advantages
over their competitors that affect their profits and market shares, threatening the existence of other
firms. The very nature of this process is thus uneven and asymmetric, with few firms leading
the transformation of the economy, whereas the rest follows, trying to adapt (METCALFE,
1998). And as Dosi (1988) shows, there is empirical evidence of a causality from successful
technological change to a higher degree of industrial concentration.

However, Schumpeter| (1942) also highlights how the process of innovation is affected
by features of market structure. Perfect competition would eliminate any incentives to innovate,
since it allows for instant imitation of a firm’s novelty. In this way, non-price competition, as
with innovation, needs to be a possibility while remaining a threat. And also, for the author "the
business man feels himself to be in a competitive situation even if he is alone in his field" (p.
85). In regard to the empirical support of this statement, | Kamien & Schwartz| (1975)) highlight
that most empirical investigations fail to deal with the simultaneity of the matter. Nevertheless,
some studies suggest the hypothesis that an "intermediate" market structure, between monopoly
and perfect competition, would promote higher inventive and innovative activity. More recently,
Blundell, Griffith & Reenen| (1999) investigate the relationship between market share and
innovation in a sample of British manufacturing firms. Controlling for firm specific heterogeneity
in the estimation of a dynamic count data model, they find evidence that market share influences
innovation according to how competition is structured. Therefore, the characteristics of market
competition could both influence and be influenced by technological change. In this sense, the
conformation of those two aspects would define other firm related variables, like its rates of
growth and profit (METCALFE| 2013).

The competitive features of an industry also have a relationship with the asymmetries
between firms’ technological capabilities. This is implied in the "Schumpeterian competition"
process described, since as firms innovate, they create asymmetries between them and their
competitors. Those asymmetries relate to competitive differences between firms, but also to
process technologies and quality of the final output, creating an inter-firm technological gap.
As Dosi| (1984) argues, imitation and technological diffusion would then decrease this gap,
through an adjustment mechanism related to changes in production method and in the product
itself. These asymmetries imply that firms are heterogeneous agents in their respective industry.
This industry, in turn, is conformed by the competitive process in which some firms survive
given heterogeneous factors like their technological variety, their behaviour and strategies, and
the industry’s degree of imitation and diffusion. Thus, to understand the relationship between
technological change and firm growth, the competitive process also needs to be analyzed.

Nevertheless, as summarized by Lavoie (2014), this view of the dynamics between
competition and innovation is similar to the one that Post-Keynesian theory has in mind. This
literature offers a more realistic view of the firm, as depicted for example in Eichner| (1976)
and (Galbraith| (1967) accounts of the current corporation. According to this theory, firms aim at
power and growth instead of profits, in an environment with fundamental uncertainty. Markets
are also seen as being imperfect, where a mark-up or full-cost pricing strategy prevails. In this
case, the main competition mechanism between firms becomes non-price factors. Competition
is then driven not by the adjustment of price, but by adjustments in the different branches of



innovation, branding and advertisement.

Although this microeconomic perspective is assumed in most Post-Keynesian macroeco-
nomic models, there are not many formal micro models of this competition dynamics, and how
it changes intricately with technological progress. There is a recent literature that incorporates
Schumpeterian microfoundations - mostly evolutionary neo-Schumpeterian ones (POSSAS et al.,
2001; MELO; POSSAS; DWECK! 2016) following the seminal work of Nelson & Winter| (1982)
- into macrodynamic models with effective demand along Keynesian lines. These models have
greatly contributed to the literature by incorporating important Keynesian and Schumpeterian
features into the same theoretical framework with the aim to describe the competitive process
among firms in an oligopolistic market. However, by assuming that firms essentially compete
on prices, these models disregard one of the most salient features of the competitive process in
modern oligopolistic markets, which is precisely non-price competition and its relation to the
patterns of technological innovation and marketing strategies.

This paper proposes a theoretical duopoly model of how technological change, market
share and the growth of firms are dynamically related, inspired by the Post-Keynesian theory
of the firm. This model allows us to analyze the role of technological change in altering the
intra-sector competitive landscape of an industry within this framework. With our formalization,
we notice fundamental changes in market domain driven by innovation, much like what is
proposed by the Schumpeterian literature. By doing so, we are able to cast light upon possible
market configurations and how these can be propelled/hindered with firm strategies and public
policy.

The paper proceeds as follows. Section 2 presents the basic assumptions describing the
duopolist industry modelled. Section 3 looks at the medium-run behaviour of this economy, and
how it is affected by an exogenous technology shock. Section 4 examines the long-run dynamics
and the possible paths driven by technological change. Finally, section 5 concludes.

2 Framework of the Model

2.1 The duopoly setting

The model developed here involves two firms A and B competing in the same sector. Both
firms belong to the same industry and produce goods with imperfect substitutability. Each firm
uses two factors of production with a fixed coefficients technology, as the following production
functions specify:

YA = min{aALA,bAKA} (1)
Yp = min{apLp,bpKp}, 2

where for each firm - as indicated in the subscripts throughout the paper - Y is output, L is
employment, and K is capital stock, while a and b are labor and capital productivity, respectively.
Here we assume that total employment L is divided between the two firms, formally, L = L + Lp.
It is also assumed an infinitely elastic supply of labor, and employment is then determined only
by the demand for labor. Assuming away capital depreciation, we have:

Yi = bsKy (3)
Ys = bpKs. 4)

Provided that the technical coefficients b4 and bp remain constant, the growth of output



of each firm is equal to the growth of its capital stock, as follows:

8y, = &K, =&A 5)
8vy 8Ky = &8> (6)

where gy and gk denote each firm’s growth of output and growth of capital stock, respectively.
For simplicity, from now on only g4 and gg will be used.

Since there are only two firms in this sector, they are responsible for the total amount of
value produced in it at a given time, so that:

pY¢ < PyYs + PpYp @)

where P represents prices and Y¢ is the sector’s aggregate demand. The inequality states that
the firms operate with excess capacity, while the equality defines the theoretical full capacity
level of output. Here we are assuming that firms maintain a constant fraction of production as
stock, in order to avoid a mismatch between potential and effective supply. According to Lavoie
(2014)), firms producing at a level in which there is reserve of capacity is one of the stylized facts
of the Post-Keynesian firm. As we have already established with the production functions
and , in this model no substitution is acceptable, so there is a fixed combination of inputs
that generates a certain level of output. And if this level is obtained with "adequate" production
techniques, Steindl (1952)) calls it "practical capacity". He defines such level as ".. . the output
achieved with normal length of working time, with sufficient shut-downs to allow for repairs and
maintenance, and without disturbance in the smooth running of the production process" (p. 7).
However, it is standard to just name it "full capacity".

In the Post-Keynesian theory of the firm, marginal costs are constant up to full capacity,
while average unit costs generally are decreasing (KALECKI, [1969; KALDOR, [1961). Yet,
they start rising after this point, so the very shape of the cost curves corroborates that firms
operate with reserves of capacity. There are also a number of technological reasons related to
indivisibility and scale specifications of machines and plants that justify firms having planned
excess capacity. Nevertheless, |Steindl (1952) ultimately relates this fact to the presence of
fundamental uncertainty in the real world. In this sense, a reserve of capacity would be necessary
for firms to respond to demand shifts that cannot be foreseen.

This assumption also refers to the idea of real markets as imperfect markets. Since the
market structure analyzed here is duopolist, prices in the short run will be cost-determined,
possibly following some principle of mark-up pricing (EICHNER| [1976). In fact, as |[Kalecki
(1971)) points out, market imperfection is a fundamental condition for firms to be able to maintain
reserves of capacity in the long-run. And this extra capacity, in turn, would make them able to fix
prices. EI

For simplicity, it is assumed that each firm’s prices remain unchanged. In other words,
firms in this model do not compete on prices, but only on non-price factors such as product
quality and variety. We also assume that both firms set their prices at a sufficiently low level in
order to prevent the entry of potential competitors in the marketE]

3 However, as [Lavoie (2014) argues, the market does not need to be oligopolistic to be imperfect. He claims

that all markets could be considered imperfect markets, where prevails some sort of administered pricing
mechanism, even with higher degrees of competition. From a different approach, [Lee (2013)) also criticizes
Kalecki’s assumption that the degree of competition has a direct effect on mark-ups. According to his studies
and interpretation, there does not seem to exist empirical grounds to justify the shape of Kalecki’s cost curves.
See |Sylos-Labinil (1962)) and Bain| (1956)) for a more detailed explanation on the relationship between prices and
barriers to entry.



Since the two firms are responsible for the total output produced, they are sharing the
market between themselves. In that way, each firm contributes to total output growth in an
amount proportional to their market share. Thus, rewriting equation (/) in rates of change, we
obtain:

§ =maga + mpgg, 3)
where prevails the assumption that demand in this sector grows at a constant rate g. Moreover,

my and mp are the market shares of firms A and B, respectively. From equation (8)), their market
shares can be thus defined as:

Y,

my = 7/* 9)
Y,

mg = 73 (10)

where my +mp = 1.
In equilibrium, the two firms would grow at the same rate, maintaining their respective
market shares, such that the following relationship would be valid:

84 = &B- (11)

In the neoclassical theory of the firm, firms decide to produce at the level that yields
them the maximum rate of profit. Instead, in the Post-Keynesian theory firms maximize power,
regardless of size and control scheme (GALBRAITH, 1973). Power, in turn, is related to growth.
On the one hand, in a world with fundamental uncertainty, the bigger the firm, the bigger its
control over unpredictable events. On the other hand, there is a scale effect related to size of the
firm and the market it holds. Hence, it is not just a matter of ultimate control over the market, but
how to survive in it. Power, growth and survival are inevitably intertwined.

Assume, without loss of generality, that firm A is the leading competitor in terms of
technological efficiency and hence has some freedom to set its investment rate and output
growth. That said, first we model the financial frontier and the investment function of firm A.
In an economy with no financial sector, profits become the means that enable firms to grow,
considering Kalecki’s principle of increasing risklﬂ Firms can finance their expansion with the
retention of part of their profits in order to invest. Therefore, following Sylos-Labini (1971)
and Wood (1975)), we can establish a function of the finance constraint faced by the firms, with
growth as a positive function of profits:

gh = sara (12)

where gf; is the growth rate of firm A compatible with its financial constraint, r4 is firm A’s
rate of profit and sy is its retention ratio, 0 < s4 < 1. Equation (12)) indicates that in order for
the growth rate of the firm to increase, a higher rate of profit is necessary, given an admissible
retention ratio ﬁ Some empirical studies such as the one from Fazzari & Mott| (1986) have also
provided evidence of the role of internal finance for investment. With a large sample of U.S.

5 If a financial sector were added to the model, it would be necessary to define interest rates on borrowed funds.

However, given that Kalecki’s principle of increasing risk holds (LAVOIE| 2014, p. 137), the firm is willing to
borrow only a limited amount of their funds. This amount, in turn, is directly related to its internal and previously
accumulated funds. For that reason, for the purposes of this paper we can simplify the model and not consider a
financial sector.

See |Stockhammer| (2005)) for a discussion in how the financialization and an increase in shareholder’s power
have impacted the retention ratio and other related decisions of the firm



manufacturing firm data from 1970 to 1982, the authors find independent effects of internal
finance on investment.

Since firms would obtain power through growth, the expansion frontier of firm A can be
defined as an investment function. In the present model, the investment function of firm A has
the following configuration:

g5 = Yoa +Y1ara — ama + p3aT (13)

where gf is the rate of expansion of the capital stock desired by the firm, 7 is the relative
technology level of firm A in relation to firm B, 7y represents animal spirits and 7; are positive
parameters, i = [0,3]. The assumption that investment depends positively on the rate of profit is
derived from Robinson (1956). According to her, an upward shift in expected profits leads firms
to decide to undertake a greater amount of investment. For simplicity, current and expected rates
of profit are taken as equal, with the former assumed to be a good enough approximation of the
latter.

Equation (13]) also states that the competitive features of the industry have an important
role in determining the firm’s investment decision. In general terms, the coefficient 54 is
ambiguously signed. It means that, depending on the marketing strategy of the firm, a higher
market share could either encourage or reduce capital accumulation. However, without loss
of generality, we assume that 54 is positively signed, thus implying that the desired rate of
capital accumulation, gf , and the market share, m4, are inversely related. This comes from the
assumption that these firms have a strategy of maintaining their market share. This implies that if
firm A obtains a higher market share, it holds a better competitive position in the industry, and
does not need to keep expanding to increase its power. In this case, higher investment would lead
only to a bad use of resources, going further from the firm’s full capacity level. We also assume
that this strategy does not change with increases or decreases in the concentration of the industry.

Gilbert & Liebermanl (1987) provide empirical evidence of a pattern of investment
consistent with market share maintenance for large firms, whereas for the smaller ones, the
preemptive investment hypothesis would rule. Since the market here consists of two firms,
they are considered to be large ones. Therefore, their strategy would be to increase capital
accumulation if they encounter a significant reduction in their market shares unrelated to historical
random variations. On a similar approach, |[Hay & Liu (1998)) investigate whether investment
in capacity could be used as a competition strategy in oligopolistic markets. For an oligopoly
in which a group of firms dominate, similar to the one treated in this paper, they find that a
cooperation strategy is preferred over an aggressive one.

Finally, in this model a higher level of technological content induces investment, fol-
lowing the Schumpeterian argument. Assuming that the firms are in different positions on the
technological race, since they have heterogeneous artifacts and technological production at-
tributes, this relative technological level can be called the "technology gap" between the two
firms. As we are taking firm A as the one equipped with the most efficient technique of production
within this sector, this gap can be defined as:

T = 14
Ep’ (14)

where E4 and Ep are the stocks of technology - or knowledge - of firms A and B, respectivelyﬂ

7 In an oligopoly setting with three or more firms, T can be represented as T = E /T, where E| is the technological

content level of each firm j and T would be the average technological content of the rest of the sector. Hence,
firms with 7 > 1 would be more competitive than firms with0 < 7 < 1.



The assumption that technological progress affects investment is central to the theory
of Schumpeter (1934), that focuses on the role of innovation in changing the dynamics of the
economy. However, [Kalecki (1971) also favors this channel. Technological progress would result
in new machines and production routines more productive than the old ones. This causes the
costs of the old methods to rise, which spurs new investment. In a different occasion, Kalecki
(1941) proposes that innovation increases the expected rate of profit, generating indirectly a
higher investment rate than in the case without innovation. Innovation would then change the
expectations of the entrepreneur, who would become more optimistic, investing more.

Dutt (1986) proposes a macroeconomic model in Kaleckian lines that encompasses the
effects of technological change in economic growth and income distribution. In his model,
technological change does not impact investment directly. Instead, it affects indirectly the
parameters of the investment function on a direction determined by the sort of constrains that
the economy faces (from capital, labor or demand). In the model developed here, however, the
technology gap influences the investment of firm A positively and directly. Similar to the creative
destruction theory of [Schumpeter (1942), innovation influences investment through the channel
of competition. This implies that a higher level of technology of firm A would spur its investment,
but that would also happen with a lower technological level of firm B. Supposing that firm A has
a sufficiently more efficient technology relative to firm B, the costs of the old machinery would
increase even more in relation to the ones of firm B, increasing investment of firm A.

Firm A would reach its highest growth and power position when the expansion frontier
reaches the finance frontier, such that:

gh =84, (15)

which can be resolved for the profit rate. The equilibrium profit and growth rates of firm A are
then:

— T
e YoA — Y2ama + Y34 (16)
SA —NA
gr = @a(Ya — Yoama+13aT). (17)
where Wy = —4—. We assume @, > 0 as a stability condition for the model

SA—NaA
In the case treated here, firm B would capture the residual demand of the market, the

one that is not already with the leader firm A. Therefore, the equilibrium rate of growth for firm
B is obtained substituting the equilibrium growth rate of firm A given in equation in the
specification of this market’s demand in equation (§8). Following this procedure and using the
relationships between the two firms in expressions (9) and (I0), the equilibrium rate of growth
obtained for firm B is:

1
l—mA

gp= (& —ma@aA (WA — a(ma) + 13a4T) (18)

2.2 Market Share

From (9), let us assume that the differential equation of the market share of firm A can be
expressed as a positive function of the difference in growth rates between the two firms, favoring
firm A:

ng =¥a(ga —&B) (19)

with W4 > 0 and my € [0, 1). The latter assumption is expressing that the model developed
here does not involve the case where firm A drives firm B completely out of the market and



becomes monopolist. Evidently, for mp a symmetric relationship is valid. This assumption is
stated according to the already established view that firms aim at growing, and they do so to
obtain a larger share of the market. As proposed by |[Robinson|(1962) and Kaldor| (1978)), and
highlighted by |Lavoie|(2014]), firms expand to keep or increase their share of the market.

Substituting the growth rates of both firms, g4 and gp, for their equilibrium expressions,
and (I8)), the differential equation of the market share of firm A can be rewritten as:

1

ritg = ¥aly —_ (@04 (Y04 — Yoama + 13aT) — &1} (20)
Equation (20)) relates the rate of growth of firm A’s market share with its level and the

technology gap positively or negatively according to the values of the parameters of interest.

2.3 Technological Progress

We can also assume that the rate of technological change can be expressed by the
following differential equation:

T=o0p+0a(ga—gp)— 0T (21)

where o; > 0, i = [0,2] and oy designates the autonomous component of technological progress
of firm A relative to firm B. The technology gap, 7', is assumed to have a negative relationship
with the rate of change of technical progress. That happens because we are assuming that the
higher the gap, more chances firm B would have to catch up, thus decreasing the rate of change
of the technology gap (ABRAMOVITZ, |1986).

Besides, the rate of capital accumulation is taken as a driver of technical change, through a
Kaldor-Verdoorn channel (MCCOMBIE; THIRLWALL, 1994). Supposing a given rate of capital
accumulation of firm B, an increase in the one of firm A leads to a higher flow of technological
innovations from this firm. As |Palley| (1996)) argues, technical progress is an endogenous result
of capital accumulation, since "(...) investment serves simultaneously as the means of (1)
expanding the capital stock, (2) feeding technical innovations into the production process, and (3)
uncovering further possibilities for innovation"(p. 124). This comes from the fact that investment
is both an expansion of capital stock as well as a mean of introducing innovations into the capital
stock. This introduction, in turn, occurs through the acquisition of newer or more productive
capital goods, but also through the knowledge and research inherent to the firm, that allows
further improvements in productivity and the final quality of production (POSSAS| 2008, p.
290).

Substituting the difference between the rates of capital accumulation given by and
(18)) in (21)) above, we obtain:

T =
a0+1—m 1 —my

o oM,
! (101~ Poama) — ) - (062 - ﬂ) T, 22)

where we can restrain o > o @434/ (1 —my) to keep the catching up mechanism running.
This equation states that in this case market share and technological change have a non-linear
relationship.

According to Metcalfe (1998)), although small firms in competitive markets have larger
incentives to innovate, since they need innovation to gain power in the market, most of the times
they lack the resources to do so. Firms with large shares of the market, however, have little or no
incentive to innovate, because they do not need to obtain any more competitive advantage. But



they have the resources to go ahead and risk innovation, what could increase their productivity
even further. At the same time, they could employ those resources in product variety, in order
to conquer or create other markets. This sort of diversification could open new markets with
greater opportunities to earn temporary monopoly profits. If the latter strategy rules, a higher
market share would decrease the rate of technological change, the opposite for the former. It is
reasonable, then, to consider that this relationship is in fact a non-linear one for this duopoly
model.

3 Medium-Run Market Share and Technological Progress Dynamics

3.1 Equilibrium and stability

Equations (20) and (22) form a non-linear dynamical system that characterizes the
medium-run dynamics of this industry. We are only considering the medium-run, since techno-
logical innovation involves a considerable gestation period to reach maturity. It is reasonable
to assume that this system has at least one non-trivial equilibrium solution in the loci riy =0
and T = 0. The linear approximation of this system at a generic equilibrium point (m4, T) is
described by the following expression:

di’hA/dt Y Ji2 mA—mf‘
dT/dt |~ |Joy Juo| | T—T¢

The matrix formed by J; elements on the right-hand side of the equation is the Jacobian
matrix of the system, and its components are its partial derivatives, as follows:

Irig_ Wa[0a(Yoa — Yoa+13aT¢) — 8] _

Jii = Iy (—me s0 (23)
Jio = &;;A = \I;Af%j/* >0 (24)
Iy = ;an == [wA(%AGﬁ;ZMTe) —d < (25)
Dy = %:%_“2<0 (26)

We must now analyze the stability of the linearized system around the equilibrium
solution m¢ and T°¢, which is not formally presented here for simplicity. This property can be
assessed with system’s Jacobian matrix above. From this matrix, we see that different values of
certain parameters will determine if the solution is stable or not. However, these parameters still
need to fall within a relevant economic domain, validating further analysis of this system.

First, let us consider the case in which J1; > 0 and J; > 0. This implies a downward-
sloping straight line for 74 = 0 and an upward-sloping one for 7' = 0. In this scenario, the
determinant of the Jacobian matrix (Det=J11J22 — J21J12) is negative, suggesting that the equilib-
rium is a saddle point. This implies that any kind of changes in the system are amplified. Figure
illustrates this case.

In this configuration, if the equilibrium solution shifts to a point with a higher market
share of firm A, this leads to a deepening of the technology gap. Firm A possibly would have
considerable advantages in its overall innovative and learning process against firm B, that
would fall behind in the technological race. However, by reaching a certain magnitude of the
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Figure 2 — Stable locirizg =0and T =0

technological gap, this advantage starts to get slimmer, because firm B eventually develops
strategies to imitate firm A. From that moment on, firm B starts the catching up process, and the
gap decreases again, while firm A’s market share increases. A vicious cycle is formed, which in
this case would lead to a continuous concentration of the market by the dynamical forces of the
system.

Another possible configuration of this duopoly is characterized by J1; < 0 and J>; < 0.
This means that, on the contrary of the previous case, ritg = 0 line is upward-sloping, while the
T = 0 line is downward-sloping. In this case, the determinant of the Jacobian matrix is positive,
but the matrix’s trace (Tr=J11 + J27) is negative, configuring a stable equilibrium, as depicted in
Figure (2).

The stability refers to the following dynamics: if again the equilibrium solution shifts to a
point in the area A of Figure (2), an increase in market share of firm A leads to a decrease in the
technology gap, because this firm now has less incentives to incorporate innovations. However,
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the smaller technology gap means that firm B is catching up, which would decrease firm A’s
market share again, reversing its incentives to innovate. In phase C, the technology gap starts to
grow again, and with it, firm A’s market share. The process continues until the equilibrium m¢
and T° is reached again.

It is also interesting to notice that a higher demand in the industry, represented here by
g, makes the stable case more likely. A higher demand could then decrease the intensity of the
competition, allowing the sector to remain duopolistic. In the opposite case, when demand is
lower, this model shows that the competition tends to be unstable and the market tends to rapidly
become extremely concentrated with the leader, firm A.

3.2 Comparative statics of a technology shock

We can then analyze the effect of an exogenous shock in the autonomous component of
technological progress. This exogenous technology shock is a type of technological change that
is independent from the firms’ resources. This could imply a technological innovation coming
from the public sector, most likely from university R&D. In this case, however, firm A is able
absorb it better than firm B, or even only firm A has the capabilities to absorb it at all. Another
possibility would be an organizational innovation implemented by firm A, that did not have costs
for this firm and improved, for example, its branding.

In terms of the model, this can be seen as a shock in ¢, which represents the exogenously
determined level of firm A’s technological content relative to firm B’s technological content.
This parameter affects both the intercept and the slope of both straight lines given by the linear
approximation where ity = 0 and 7 = 0. However, the direction and the magnitude of these
movements are ambiguous. They depend on the values of the parameters, which reflect different
possibilities for the different stability conditions discussed above.

In the unstable case, the most mathematically likely situation is the one where both
straight lines move upwards, with the variation on their slopes as seen in Figure (3)). In this case,
an exogenous increase in the technological progress leads the dynamics of this system to start
from a point with a higher technology gap and a higher market share of firm A. The instability of
this dynamics suggests that this exogenous shock gives way to firm A to expand its advantage in
the technology race, eventually being able to cast firm B out of the market completely.

This same shock could have different effects in the case where the equilibrium point
is a stable one. Again, both lines 714 = 0 and 7 = 0 shift upwards, while both slopes become
steeper. However, the ambiguity of the magnitude of these shifts makes two cases possible.
Figures (@) and (3)) illustrate these possibilities. In both cases the exogenous shock increases the
technological gap of firm A before firm B. However, this could lead firm A to gain or lose market
share.

The first case, of Figure (), shows how firm A now has a higher technological content in
its production, which confers to it larger market power. This is reflected in an increase in market
share, with the system reaching a new equilibrium at point B. The second case is depicted in
Figure (5). In this configuration, the higher technological gap leads to a higher rate of catching
up by firm B than the rate of market share acquisition of firm A. By doing so, firm B becomes a
more levelled competitor before firm A, which makes it able to increase its market share.

The latter situation, although mathematically possible, is not so theoretically intuitive.
As was already discussed here, most of the theoretical work on innovation and competition
suggests how the dynamics that concentrates the market with the leader firm is the typical one in
a capitalist economy. Despite that, it is interesting to notice how this analytic formulation gives
scope to different market configurations following a technology shock.
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Figure 4 — Effects of an exogenous innovation shock - first stable case

4 Effects of Technological Change in the Long-Run: Growth and Market Concentration

4.1 Growth instability and market dominance

Schumpeter| (1942))’s idea of creative destruction suggests that innovation would change
the dynamics of the firm, increasing its rate of growth. However, it would also change the
scenario of the competition in this sector in the long-run, what would have another round of
effects over technology, competition and growth.

With that in mind, in the long-run, the rate of growth and the level of output of the firms is
subject to innovation related changes. The previously described exogenous technological shock
will have an effect on the firms’ rate of growth given by how changes in the technology gap and
the firms’ market shares impact on growth. Formally, the total magnitude of these changes is
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Figure 5 — Effects of an exogenous innovation shock - second stable case

given by the following total derivatives:

agA 3gA
Ags = —AT + ——A 2
84 oT + omy A 27)
Jgs Jdgn
Agp = —AT + ——A 2
88 =5+ +8mA my, (28)

so that the net change of this result will depend on the values and signs of the parameters of
various expressions describing this industry and the magnitudes of the changes in the technology
gap and the market share of firm A. Therefore, the effect of innovation on growth could be
ambiguous in this model.

After an exogenous technological shock, a shock in o, there will be a disequilibrium
between the growth rates of both firms in the long-run. In this case, when the market share of
firm A increases, possibly Ag4q > Agp. If that is the case, an exogenous technological shock will
lead to a greater growth rate of firm A, which in turn leads to a higher technological gap and
market share with this firm.

In the unstable case, firm A could keep growing more than firm B, concentrating the
market. This concentration, in turn, could lead to stagnation. When firm A dominates the market
by maintaining g4 > g, if it keeps growing, at one point we will have g4 > g, where g represents
the rate of growth of the demand. Firm A will then change its strategy towards innovation, since
the demand constraint will prevent it to increase its growth rate further. Therefore, demand will
impose a restriction on growth leading to stagnation.

From equation @[), however, when we have medium-run stability, an increase in g4 will
require that m4 and T adjust in order to keep riy = 0, so eventually the growth rates equalize
again. Figure (6) illustrates this dynamics. After the shock, the growth rate of firm A, g4, increases
to g1’4. As this growth rate increases, the growth rate of firm B, gp, necessarily decreases to gg. If
demand continues to grow at a constant rate, the greater growth rate of firm A implies firm B
growing at a smaller rate. However, since the system tends to an equilibrium, it shifts to a new
equilibrium combination of T and my4 that equalizes both growth rates again. To reach this new
point, the growth rate of firm A decreases, as the one for firm B increases, as the latter is able to
catch up.
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Figure 6 — Long-run dynamics of the firms’ growth rates

4.2 Maintaining the duopoly market configuration

From now on, let us focus on the stable case when after a technology shock favoring
firm A, it grows faster temporarily and obtains a higher market share. This course actually goes
accordingly to the some of the predictions of neo-Schumpeterian evolutionary theory, as in the
seminal model of Nelson & Winter (1982). In their model, the authors incorporate the idea that
competition is a dynamic game, so that firm’s growth will reflect the pattern of winner/loser
in a specific game. Applying this reasoning to our model, if firm A has a greater technological
advantage than firm B, it "wins" by obtaining a larger share of the market, a higher growth rate,
and also by increasing the technology gap between its competitor. Nelson & Winter (1982) also
predict that competition leads to market concentration, but they argue that this process could
be avoided. In the scope of our model, knowing that firm A has a chance to dominate a larger
share of the market, it is relevant to think about the strategies that firm B could employ in order
to survive in it and how public policy could affect that.

Since in this model competition between the two firms is based on technological ad-
vantages, the firms not competing over price, the evident course for firm B to take is related to
catching up strategies, like imitation. The strategy of firm B is then mainly focused on lowering
the technology gap, T. In that way, as |Metcalfe| (1998) points out, if firm B could copy the
new technologies fast enough, no competitive gains would come from innovation. Then, the
almost-monopoly of firm A could last less. Firm B would not lose its share of market, even if it
is a smaller one than the leader’s, which in the case continues to be firm A.

In terms of the model, in equation @, which sets the law of the dynamics of technologi-
cal change, parameter o indicates the amount by which the rate of the technological change
would decrease with an increase in the level of the gap. Therefore, a higher absolute value of o,
would mean a higher decrease in the rate of technological change, thus giving firm B a greater
opportunity for catching up. In that way, firm B would increase its market share and would
compete closer to firm A. This would lead to a more dynamically stable long-run path for this
duopoly market, since new equilibrium would be less concentrated. The change in the value
of parameter o, relates to procedures internal to both firms. Firm B strategy of increasing its
value, trying to increase its imitation capacity, relates mainly to learning procedures, like its
R&D expenditure and organization.
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This result also refers to possible configurations of public policy that would affect the
dynamics of this industry. Given that patenting policies are important to foster innovation,
since they increase the incentives that firms have to innovate, it is important to consider the
concentration that the innovation process entails. Antitrust policies, in turn, could benefit from a
formal analysis of this matter. Therefore, technology progress considerations need to be included
in order to shape a more parsimonious policy plan.

5 Concluding Remarks

In this paper we have developed a microeconomic model of a duopolist industry based
on the Post-Keynesian theory of the firm. This model encompasses the dynamic relationship
between market share and relative technological change, and how these factors influence the
firms’ growth rates in this general framework. The model implies a negative relation between
market share and firm growth, but a positive one between a relative technological superiority and
growth.

This paper has some theoretical implications. The mathematical analytic formulation
presented is able to convey different scenarios for the industry following an exogenous technol-
ogy shock. Nonetheless, the most intuitive one remains the shock increasing the competitive
advantage of the industry leader, that gains a higher share of this market. This concentration
is accompanied by a deepening of the technological gap between the two competitors. The
model also indicates that the direction of the effect of this exogenous technology shock on the
firms’ growth rates is ambiguous; although all the scenarios considered indicate a tendency of
technological change to lead to a higher concentration of the market with one of the two firms in
the long-run. The long-run leader obtains a higher level of output, without having a permanently
higher rate of growth.

These conclusions, however, apply only to this industry and cannot be extrapolated to
the macroeconomic scenery with this formulation. Yet, as the macroeconomic models must
be fundamented in the microeconomic theory, we argue that this model can serve as a basis
for future more comprehensive Post-Keynesian macro models that incorporate changes in the
micro competitive structure. Therefore, on the one hand, further works could rely on some
flexibilizations and extensions of this simple model into the micro setting, such as incorporating
other aspects of firms’ decisions to innovate and taking firms’ strategies as dynamically deter-
mined/altered by changes in the competitive status of the market. On the other hand, the effects
of innovation on firms’ competition and growth, as this model shows, can also be then better
explored to analyze how they affect macroeconomic variables, such as the functional income
distribution. Specially given the relative scarcity of the micro discussion in this literature, this
attempt could be already a bridge between Post-Keynesian micro and macroeconomics.
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