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Questions

Questions

What market structure is most conducive to innovation?

Has innovation an effect on market structure?

What type of firm innovates under which circumstances?

� Important policy implications
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Outline

Outline

Theory
Schumpeter: Monopoly
Arrow: Competition
Gilbert and Newberry: Monopoly
Patent races: It depends
Aghion et al.: Inverted-U shape

Empirics
Testing Schumpeter
Evidence for the inverted-U shape
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Patents

A look at some data: Evidence from the UK (Rogers et al., 2007)

Figure: Number of UK and EPO patents by firm size category 2001-2005
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Patenting firms

A look at some data: Evidence from the UK (Rogers et al., 2007)

Figure: Number of patenting firms (UK and EPO patents) by firm size
category 2001-2005
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Schumpeter

Schumpeter (1942)

The atomistic firm in a competitive market is the suitable vehicle for
static resource allocation, but the large firm operating in a
concentrated market is the most powerful engine of progress and [. . .]
long run expansion of output [. . .] perfect competition [. . .] has no title
to being set up as a model of ideal efficiency. Schumpeter (1942)
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Schumpeter

Schumpeter (1942): Two hypothesis

1 Innovation increases more than proportionately with firm size
Large fixed costs of R&D projects (assumptions: (a) firms exploit
innovations through their own output, (b) current firm size limits
firm growth)
Economies of scale and scope
Large diversified firms are in better position to exploit unforeseen
innovations
Large companies spread risk involved in R&D by undertaking
many projects at the same time
Better access to finance

2 Innovation increases with market concentration
Firms with greater market power a rather able to finance R&D
through own profits
Firms with market power can more easily appropriate the returns
from innovation and therefore have better incentives to innovate
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Social Optimum, Competition and Monopoly

Benchmark: Social optimum (Gilbert, 2006a)

Assumptions
homogeneous good
constant marginal cost c
Inverse demand q(p) is decreasing in price

Social optimum is attained as

W(c) = S(c) =
∫ ∞

c
q(x)dx

The social value of an innovation that reduces c is

W(c1)−W(c0) ≡ 4W =
∫ c1

c0

dW(x)
dx

dx =
∫ c0

c1

q(x)dx

Incentive to innovate: difference between profits after innovation
and before innovation
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Social Optimum, Competition and Monopoly

Benchmark: Social optimum

Figure: Social value of process innovation
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Social Optimum, Competition and Monopoly

Monopolist: Drastic process innovation

Inverse demand qm(c) = q(pm(c))
Cost reduction through process innovation changes monopoly
profits

πm(c1)− πm(c0) ≡ 4πm =
∫ c1

c0

dπm(x)
dx

dx =
∫ c0

c1

qm(x)dx

Comparing this with the social optimum

4W −4πm =
∫ c0

c1

[q(x)− qm(x)]dx ≥ 0

because q(x) ≥ qm(x) and with a strict inequality for c ∈ [c0, c1].
Monopoly value of a process innovation is (weakly) less than the
social value because the monopolist produces less than would be
socially optimal.
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Social Optimum, Competition and Monopoly

Monopolist: Drastic process innovation

Figure: Monopoly profits: Drastic process innovation
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Social Optimum, Competition and Monopoly

Perfect competition in old technology and competition for process
innovation (Arrow, 1962)

Drastic innovation: Innovator gets monopoly profits πm(c1). The
incentive to innovate is

4πc = πm(c1) > 4πm = πm(c1)− πm(c0)

Non-drastic innovation: Innovator’s output is q(c0) and the
incentive to innovate is

4πc = (c0 − c1)q(c0) =
∫ c0

c1

q(c0)dx >
∫ c0

c1

qm(x)dx = 4πm
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Social Optimum, Competition and Monopoly

Perfect competition in old technology and competition for process
innovation (Arrow, 1962)

Figure: Perfect competition in old technology and competition for process
innovation - drastic innovation:
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Social Optimum, Competition and Monopoly

Perfect competition in old technology and competition for process
innovation (Arrow, 1962)

Incentive greater when competition exists previous to innovation
than under monopoly. There is no replacement effect (a
monopolist loses its stream of profits by innovating, i.e., it has to
replace its profits), while competitors have nothing to lose from
innovation, but only gain from it.

[W]hat’s the point of focusing on making the product even better
when the only company you can take business away from is
yourself? Steve Jobs (2004)

Compare incentives:
4πc ≤ 4W

with a strict inequality unless demand is perfectly inelastic.

4W ≥ 4πc > 4πm.
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Social Optimum, Competition and Monopoly

Competition between incumbent monopolist and entrant (Gilbert and
Newberry, 1982)

Competition between incumbent monopolist using an old
technology and a potential entrant for an innovation. The one
that makes the innovation obtains an exclusive patent for the
innovation and takes all the profits.
Firms bid for innovation. Entrant bids πd(c1, c0), which is the
duopoly profit when the firm has c1 and the rival c0. The
incumbent bids up to πm(c1)− πd(c0, c1), which is the
difference of its monopoly profits with technology c1 and its
profits if its rival wins the bidding.
The monopolist has weakly stronger incentives to invest

πm(c1)− πd(c0, c1) ≥ πd(c1, c0)

This is mainly due to the efficiency effect, i.e., the monopolist
wants to preempt entry.
4W > 4πm ≥ 4πc.
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Social Optimum, Competition and Monopoly

Summary (Gilbert, 2006)

Old Technology New Technology Incentive to Innovate
Monopoly Monopoly 4πm = πm(c1)− πm(c0)
Perfect Competition Competition for 4πc = πm(c1) > 4πm if drastic

patent monopoly 4πc = (c0 − c1)q(c0) > 4πm otherwise
Monopoly Monopoly πm(c1)− πd(c0, c1) ≥ πd(c1, c0)

& competition for
patent monopoly

Assumptions:

IP rights are exclusive
No financing constraints
Firm that bids more gets patent with certainty
Entry exclusively through innovation
Innovator cannot ‘sell’ patent to incumbent
If monopoly pre-innovation - no competition in old technology
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Product innovations

Product innovations

The analysis of product innovations is much more complicated
and leads to no clear predictions. This is due to

1 Even in competition, a firm can earn profits by offering a
differentiated product; for this reason, now also firms under
perfect competition face a replacement effect.

2 The introduction of a new product provides the monopolist with a
chance to price-discriminate.

Non-drastic innovation: A competitive firm may still face a
lower replacement effect than a monopolist and therefore have
larger incentives to innovate. On the other hand, the monopolist
may be able to sell more units (and price discriminate) and
therefore have larger incentives to innovate.
Drastic innovation (new product makes old product obsolete):
The competitor may have greater incentives to innovate if
competition in the old product is intense.
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Patent races

Patent races (Tirole, 1988)

Innovation uncertain - firms can influence probability through
investment

2 firms, monopolist and entrant, compete for an innovation to
reduce costs from c0 to c1. The winner gets a patent of infinite
validity.

Probability of innovating between time t and t + dt is h(xi)dt if
firm i invests {xidt} [Note that the game has no memory]
Monopolist’s present discounted value of expected profit

Vm(xm, xe) =

∫ ∞
0

e−rte−[h(xm)+h(xe)]t(πm(c0)−x1+h(xm)
πm(c0)

r
+h(xe)

πd(c0, c1)

r
)dt

Entrant’s present discounted value of expected profit

Ve(xm, xe) =

∫ ∞
0

e−rte−[h(xm)+h(xe)]t(h(xe)
πd(c0, c1)

r
− xe)dt
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Patent races

Patent races (Tirole, 1988)

Efficiency effect:

πm(c1)− πd(c0, c1) ≥ πd(c1, c0)

Replacement effect:

∂

∂πm(c0)
Vm

xm < 0

Drastic innovation: no efficiency effect and replacement effect
dominates - entry should occur

Non-drastic innovation: replacement effect weakened -
monopolist persists

Note: Probability of discovery exponentially distributed (no
memory)
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Aghion and Griffith

Entry and Distance to Frontier (Aghion and Griffith, 2005)
So far only monotonic relationship between innovation and
competition

In each t a final good is produced by a competitive final good sector
using a continuum of intermediate inputs

yt =
∫ 1

0
A1−α

t (i)xαt (i)dv

where xt(i) is the intermediate good produced in sector i at t, At(i) is a
productivity parameter, and α ∈ (0, 1)

Intermediate sector: monopolist with limit price

pt = χ =
yt

xt(i)
= α(

xt(i)
At(i)

)α−1

which is equal to
xt(i) = (

χ

α
)

1
α−1 At(i)

Equilibrium profit for firm i

πt(i) = (pt − 1)xt(i) = δAt(i)

where δ ≡ (χ− 1)(χ/α)1/(α−1)
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Aghion and Griffith

A simple model

Technology frontier
Āt = γĀt−1

where γ = 1 + g > 1.
Different types

1 Type: At−1(i) = Āt−1
2 Type: At−1(i) = Āt−2
3 Type: At−1(i) = Āt−3

To innovate, firms invest

ctj(z) = 0.5cz2At−j(i) (1)

where z is the probability of innovating, and j ∈ {1, 2} denotes a
firm’s type

Type 3 firms innovate automatically
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Aghion and Griffith

A simple model

Foreign firm (which is at Āt) enters with probability p

If enters and (i) has higher A than local firm, it becomes a monopolist
(ii) has the same A, both compete under Bertrand competition

Type 1 incumbents choose investment in innovation optimally

max
z
{δ[zĀt + (1− z)(1− p)Āt−1]− 0.5cz2Āt}

Get
z1 =

δ

c
(γ − 1 + p)

Type 2 incumbents choose investment in innovation optimally

max
z
{δ[z(1− p)Āt−1 + (1− z)(1− p)Āt−2]− 0.5cz2Āt−2}

Get
z2 =

δ

c
(1− p)(γ − 1) (2)
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Aghion and Griffith

A simple model

Effect on Type 1:
∂z1

∂p
= δ/c > 0

Effect on Type 2:

∂z2

∂p
= −δ(γ − 1)/c < 0

Increasing the probability of entry encourages innovation in
advanced firms (Type 1) and discourages it in backward firms
(Type 2).
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What we have forgotten so far

Things are more complicated in practice

Incentives to innovate are influenced by many many diverse
factors:

Characteristics of invention / types of R&D
Strength of IP protection (appropriability)
Cost of R&D varies across projects
Barriers to entry
Dynamics of R&D / sequential innovation
Technical opportunity
etc.
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Testing Schumpeter

Testing Schumpeter’s hypothesis: Innovation increases with firm size

Regress some measure of innovative output or input on a
measure of size
Summary findings (Cohen, 1995; Gilbert, 2006b):

1 Likelihood of undertaking R&D greater the larger a firm
2 R&D increases monotonically and typically proportionately with

firm size among R&D performers within industries
3 Number of innovations tends to increase less than proportionately

with firm size
4 R&D productivity declines with firm size

Explanation (Cohen and Klepper, 1994): Larger firms earn
higher returns per unit of R&D due to cost spreading - they can
go further down along the diminishing marginal cost curve than
smaller firms.
Crucial assumption for identification: causality runs from firm
size (and market structure) to innovation
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Testing Schumpeter

Testing Schumpeter’s hypothesis: Positive correlation between innovation
and market share

Regress a measure of innovative activity on a measure of concentration

Early findings (Cohen, 1995; Gilbert, 2006b):
1 Positive / negative relationship between concentration and

innovation
2 Non-linear inverted-U shaped relationship

Crucial assumption for identification: causality runs from
concentration to innovative activity

Allowing for simultaneity between innovation and market structure -
results little affected

Innovation, entry and market structure: innovation and entry are
positively correlated

But it seems that other industry factors are more important (e.g. entry
barriers, appropriability, product life cycle)

Conclusion: Conditioning on firm size, effect of concentration on
innovation relatively weak - rather result of other industry
characteristics
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Inverted-U

Beyond Schumpeter: Entry, technological frontier, and innovation
(Aghion et al., 2006)

Estimate effect of foreign entry on incumbent firms

nijt = eα+β1Ejt−1+β2Djt−1+β3Ejt−1Djt−1+X′ijtγ+τt+ηi (3)

where i denotes incumbent firms in industry j in year t.

Patent process follows a negative binomial distribution with
hazard rate nijt

Use observed entry instead of entry threat
Identification:

Address endogeneity of entry through exogenous ‘policy shocks’
affecting entry but not patenting other than through entry
conditional on other variables (control function approach)
Address endogeneity of distance to the technology frontier
through different measures of relative productivity US/UK.
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Inverted-U

Aghion et al. (2006) continued

Measure of foreign entry:

Ejt =
∑Njt

i=1 Lit × Dijt(new facility owner = foreign, new)∑Njt
i=1 Lit

where L denotes i’s number of employees in t, D is the indicator
variable for foreign entry.
For the patent model (3), i corresponds to 3-digit SIC level
Implicit assumption: Effect of entry through product market
competition
Measure of technological distance:

Djt =
1
3

2∑
z=0

ln
(YUS/LUS)jt−z

(YUK/LUK)jt−z
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Inverted-U

Aghion et al. (2006): Results

Negative binomial patent count models
Dependent variable: number of patentsijt

Independent variables: (1) (2) (3) (4) (5)
Entryjt−1 × distancejt−1 -52.781** -124. 030**

(18.782) (50.215)
Entryjt−1 22.038*** 20.618*** 37.721*** 27.917*** 43.159***

(5.584) (3.399) (7.826) (4.451) (11.862)
Distancejt−1 1.402** 1.313** 1.456** 2.294***

(0.614) (0.635) (0.588) (0.315)
Import penetrationjt−1 0.410** 0.385* 0.406* 0.214

(0.203) (0.203) (0.214) (0.234)
Competitionjt−1 61.000* 63.875* 59.504* 79.504**

(32.953) (33.965) (35.868) (36.985)
Competition2

jt−1 -33.742* -35.603* -32.802 -44.176**
(18.258) (18.906) (19.974) (20.733)

Patent stocki,presample 0.004*** 0.004*** 0.004*** 0.004*** 0.004***
(0.001) (0.001) (0.001) (0.001) (0.001)

D(patstocki,presample > 0) 3.431*** 3.498*** 3.495*** 3.496*** 3.408***
(0.581) (0.545) (0.543) (0.545) (0.568)

Note: Rest of table omitted
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Inverted-U

Aghion et al. (2006): Results continued

Foreign firm entry rate has positive and significant average effect
on subsequent patenting at the US patent office by incumbents
listed on the London Stock Exchange

Positive and significant effect on patenting at the US patent
office by incumbents listed on the London Stock Exchange for
the distance to the industry-specific frontier

Negative and significant interaction term and positive and
significant coefficients of the linear entry and distance to frontier
terms
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Inverted-U

Aghion et al. (2006): Results continued

Figure: Inverted-U shaped relation between innovation and competition
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Conclusion

What do we know?

Relation between market structure and innovation depends on
many many factors

No theory robust to all these different elements - rather different
models for different contexts

Therefore no clear empirical results
But:

1 Evidence for some association between firm size and innovation
2 Evidence for U-shaped relation between competition and

innovation
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