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Knowledge Spillovers and Diffusion Introduction

Introduction

A key issue in the analysis of technology is the extent to which
investments in knowledge (for example by R&D) create positive
knowledge spillovers from others.
A related question concerns the patterns of diffusion of new
technologies (as such diffusion often might result from copying, thus
a form of knowledge spillovers).
We have seen that endogenous growth could result both with and
without such knowledge spillovers. Thus the presence and extent of
such spillovers is an empirical question.
There is a large literature on this topic (the early literature is surveyed
by Griliches’s Scandinavian Journal of Economics paper). However, it
is plagued by lack of identification. At best, it documents correlations,
sometimes diffi cult to interpret. The problem is that outside factors,
both technological and otherwise, will affect firms that are likely to
benefit from each other’s R&D investments and knowledge.
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Knowledge Spillovers and Diffusion Diffusion

Diffusion

The basic facts about technology diffusion are well established.

The classic paper by Griliches on the hybrid corn still tells the basic
picture: there is slow diffusion of new technologies and the speed of
diffusion depends on various factors, most notably on market
conditions, human capital and various measures of “distance”or
“similarity”between innovators/early adopters and late adopters.

Most likely because of “information diffusion”across networks of
agents.
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Knowledge Spillovers and Diffusion Diffusion

Diffusion (continued)
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Knowledge Spillovers and Diffusion Patents

Patents

A very useful source of data on the quantity, quality and nature of
innovation comes from patents data.

A significant fraction of new innovations are patented to protect the
property rights of the inventor.

USPTO defines a patent as:

A patent is a property right granted by the Government of
the United States of America to an inventor to exclude others
from making, using, offering for sale, or selling the invention
throughout the United States or importing the invention into the
United States for a limited time in exchange for public disclosure
of the invention when the patent is granted.
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Knowledge Spillovers and Diffusion Patents

What Can Be Patented

To be patented, an invention must be:

Novel,
Nonobvious,
Adequately described or enabled (for one of ordinary skill in the art to
make and use the invention), and
Claimed by the inventor in clear and definite terms.

Utility patents are provided for a novel, nonobvious and useful:

Process,
Machine,
Article of manufacture, or
Composition of matter.

The Patent Act of 1790 was the first federal patent statute of the
United States, and set the length of a patent as 14 years. Since 1995,
it is 20 years.
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Knowledge Spillovers and Diffusion Patents

Some Examples: Watt’s Steam Engine
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Knowledge Spillovers and Diffusion Patents

Some Examples: Watt’s Steam Engine (continued)
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Knowledge Spillovers and Diffusion Patents

Some Examples: Apple’s Touchscreen
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Knowledge Spillovers and Diffusion Patents

Some Examples: Apple’s Touchscreen (continued)
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Knowledge Spillovers and Diffusion Patents

Some Examples: Apple’s Touchscreen (continued)
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Knowledge Spillovers and Diffusion Patents

Patent Citations

What makes patents a particularly useful source of data for measuring
and modeling innovation is the data on patent citations.

We know essentially the entire universe of patent citations.

For example, between 1975 and 1990, a patent filed with the USPTO
received about 8 cites (with a maximum of 631 cites) from other
patents in the same time window. Only about 13-14% of this is self
citation.
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Knowledge Spillovers and Diffusion Patents

Patent Citations and Patent Value

Considerable evidence suggests that patent value, and thus
presumably patent quality, is correlated with patent citations, though
there are many mitigating factors.

For example:

Trajtenberg (1990): Individual patent specific social value for
Computed Tomography Scanners related to citations
Hall, Jaffe and Trajtenberg (2005): Stock market value related to
citations.
Bessen (2008): Patent renewals (decision to pay the annual renewal
fee) related to citations
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Knowledge Spillovers and Diffusion Patents

Patent Citations and Spillovers

Another prima fascia evidence in favor of the idea that innovation
creates knowledge spillovers is that most patents “cite”other patents,
indicating that they are “building”on them.

However, this is not conclusive, since the citation may be done purely
for bureaucratic reasons and after the fact (and in fact, many of the
citations are added by patent examiners).

If so, we would not know exactly how much “building on the
shoulders of giants” there is.

Nevertheless, this would be an interesting source of data to exploit for
this purpose.

Daron Acemoglu (MIT) Knowledge Spillovers and Diffusion September 9, 2014. 14 / 37



Knowledge Spillovers and Diffusion Geographic Concentration

Geographic Concentration

Another well-established fact is about geographic concentration of
various innovative activities.

The most famous paper here is Jaffe, Trajtenberg and Henderson
(1993), which establishes geographic concentration of patent
citations.

They show that citations to patents registered in the United States by
US innovators are more likely to be from other US patents (relative to
non-US innovators) and more importantly, they are more likely to be
from the same state and same SMSA as the cited patent.

The question is how to interpret this fact: one interpretation is
geographic localization of knowledge spillovers as the authors claim.

Another interpretation would be localization of economic activity that
a detailed sub-industry level due to other factors.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

The Reflection Problem

Estimating technology spillovers is hard due to the version of
Manski’s “reflection problem”. This is what the interpretation of
Jaffe, Trajtenberg and Henderson’s findings suffered from.
The simplest version of the reflection problem arises whenever we run
a regression of the following form

yj = X′jβ+ αỹj + εj

where ỹj is some average or other moment of the y’s of j’s neighbors.
The most common version would be an average of unit j’s neighbors
or all units in some locality including unit j .
To see this in the simplest possible way, reason like this: these firms
are neighbors because they are somehow related (they have chosen to
be neighbors or they are in the same locality for other reasons etc.).
Any common shock to that locality or to the characteristic that has
made them neighbors will create a correlation between yj and ỹj that
has likely to do nothing with the causal effect of the latter on the
former.Daron Acemoglu (MIT) Knowledge Spillovers and Diffusion September 9, 2014. 16 / 37



Knowledge Spillovers and Diffusion Estimating Technology Spillovers

The Reflection Problem (continued)

But a sister reflection problem emerges when the regression of
interest takes the form

yj = γxj + αx̃j + εj

where x̃j is some average of the characteristics of j’s neighbors.

Now the problem is to distinguish the effects of own xj from the
impact of x̃j , again when there are various reasons for correlated
effects across j and its neighbors.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Estimating Technology Spillovers

Almost all papers estimating technology spillovers are subject to the
reflection problem.

Most of them ignore it.

A few try to deal with it with some type of instrumental variables
strategy, but often this is hard and not convincing.

State-of-the-art paper that makes a good attempt to deal with it and
also brings out certain additional economic issues is Bloom,
Schankerman and Van Reenen, which I will now discuss.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Technology Spillovers and Product Market Rivalry

Bloom, Schankerman and Van Reenen start with an important
observation: one needs to distinguish knowledge (technology)
spillovers from product market rivalry, since firms like you to share
knowledge are often also product market rivals.

Knowledge spillovers are positive externalities, while product market
rivalry creates negative effects from (R&D) investments of one firm
on the profits and value of another, so at the very least the presence
of these two interactions need to be taken together; ignoring one of
them can confound the other.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Simple Model

Bloom, Schankerman and Van Reenen start with the following simple
model to generate some qualitative predictions.

To capture the possibility that some firms are “technology neighbors”
and not product market rivals, and vice versa, they consider a world
consisting of three firms.

Firm 0 is a product market rival with firm m and is a technology
neighbor with firm τ. The latter two firms do not interact.

Let us focus on the interactions between firms 0 and m.

Suppose that both firms have (net) profit function

π
(
x , x ′, k

)
where x is their own output and x ′ is the output of their product
market rival, and k is their own knowledge capital.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Simple Model (continued)

After knowledge capitals are determined, the two firms compete
(either in prices or quantities) and let us suppose that this is a unique
(symmetric) equilibrium where

x∗0 = f (k0, km) and x
∗
m = f (km , k0) .

The fact that the same function determines the output level of both
firms stems from the fact that there is a symmetric equilibrium and
other potential heterogeneities, for example actions of technology
neighbor firm τ, will affect behavior through knowledge capitals.

Now substituting these into the profit function, we obtain

Π (k0, km) = π (x∗0 , x
∗
m , k0) .

Naturally, partial derivatives satisfy: Π1 ≥ 0 and Π2 ≤ 0.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Simple Model (continued)

Suppose also that the knowledge capital of firm 0 is given by

k0 = φ (r0, rτ) ,

where r denotes R&D investments, and by assumption, the knowledge
of firm 0 depends only on its own investment and that of firm τ
(non-trivially if there are indeed knowledge spillovers) but not on that
of firm m.
Now the R&D decision of firm 0 is a solution to the following simple
maximization problem

V0 = max
r0

Π (φ (r0, rτ) , km)− r0.

Clearly, the first-order condition

Π1φ1 − 1 = 0
gives the optimal R&D decision r ∗0 , where subscripts denote
derivatives and arguments are omitted.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Simple Model (continued)

Now, the effect of R&D by technology neighbor and product market
rival on knowledge stocks and firm value are given by:

∂k0
∂rτ

= φ2 ≥ 0 and
∂k0
∂rm

= 0,

where the first of these is just the main effect, which is assumed to be
nonnegative (whereas what we have looked at so far were the
strategic responses, related to whether the R&D of one firm response
positively or negatively to that of another).

Then applying the envelope theorem gives how firm value reacts to
R&D by technology neighbors and product market rivals:

∂V0
∂rτ

= Π1
∂k0
∂rτ
≥ 0 and ∂V0

∂rm
= Π2

∂kms
∂rm

≤ 0.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Simple Model (continued)

The effect of R&D investment by firm τ on firm 0’s behavior is given
straightforwardly by applying the implicit function theorem as

sign
{

∂r ∗0
∂rτ

}
= sign {Π1φ1τ +Π11φ1φτ} .

Clearly, this will be positive only if φ1τ > 0, i.e., if R&D by the
technology neighbor increases the productivity of R&D by firm 0.
Otherwise, because of diminishing returns in knowledge production,
i.e., Π11 ≤ 0, this will tend to be negative. Intuitively, the more the
other firm discovers, there is less for me to discover.
The effect of the R&D of the rival on own R&D is

sign
{

∂r ∗0
∂rm

}
= sign {Π12φ1} ,

which as expected depends on Π12, i.e., whether competition between
the two firms makes their output strategic complements or
substitutes.
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Knowledge Spillovers and Diffusion Estimating Technology Spillovers

Summarizing the predictions

Why would the predictions of a richer model differ from these?Daron Acemoglu (MIT) Knowledge Spillovers and Diffusion September 9, 2014. 25 / 37



Knowledge Spillovers and Diffusion Empirical Strategy

Empirical Strategy

Bloom, Schankerman and Van Reenen estimate models related to
these predictions on Compustat matched to the patents citation data.

There are two major challenges:
1 Constructing equivalents of technology neighbors and product market
rivals.

2 Worrying about the reflection problem.

They are successful in the first, less so in the second.
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Knowledge Spillovers and Diffusion Empirical Strategy

Empirical Measures

For technological relatedness, they look at the average share of
patents of each firm in each of the technology classes between 1970
and 1999, with technology classes being constructed from the 426
USPTO categories.

Technological relatedness of two firms i and j is then given by the
uncentered correlation between the share of patents in different
technology classes of each firm (a measure originally suggested by
Jaffe, 1986):

Techij =
TiT ′j√

TiT ′i
√
TjT ′j

,

where Ti is the vector of share of patents of firm i in different
technology classes.
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Knowledge Spillovers and Diffusion Empirical Strategy

Empirical Measures (continued)

For technological relatedness, they also construct similar measures
based on the Mahalanobis distance, which relaxes the assumption
that knowledge spillovers are within technology classes and instead
assumes that they are proportional to the likelihood of co-location of
patents from different technology classes within firms.

Their measure of spillover for firm i in year t is then:

SpillTechit = ∑
j 6=i
Techij ·Kjt ,

where Kjt is the R&D stock of firm j at time t, obtained from their
past R&D investments.

Daron Acemoglu (MIT) Knowledge Spillovers and Diffusion September 9, 2014. 28 / 37



Knowledge Spillovers and Diffusion Empirical Strategy

Empirical Measures (continued)

Measures of product market rivalry are created similarly, by using the
vector of sales of each firm in different four digit industries. Denoting
these vectors by Si , this is

SICij =
SiS ′j√

SiS ′i
√
SjS ′j

,

and they also define

SpillSICit = ∑
j 6=i
SICij ·Kjt .
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Knowledge Spillovers and Diffusion Empirical Strategy

Example

Are these measures distinct?
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Knowledge Spillovers and Diffusion Empirical Strategy

Regression Specifications

Then, their main empirical specifications regress firm value divided by
assets (Tobin’s average Q), future citation-weighted patents, R&D
and productivity on SpillTech and SpillSIC as well as controls and own
R&D stock
Their models include firm fixed effects and also sometimes instrument
for R&D using tax credits (as a function of the state and industry of
the firm).
While one may argue about whether it is instrumented to valid or not
(though likely not...), it would not solve the endogeneity problems
unless one also instrumented the spillover variables properly (see
Acemoglu and Angrist, 2000, for the econometric point in the context
of human capital externalities).
Here the same tax credit variable used as instrument for spillovers.
Though in principle potentially valid, it still raises a variety of issues
(in particular, correlation in the instrument between firms located in
the same area)
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Knowledge Spillovers and Diffusion Empirical Strategy

Regressions for Market Value (Tobin’s Q)
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Knowledge Spillovers and Diffusion Empirical Strategy

Regressions for Productivity
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Knowledge Spillovers and Diffusion Empirical Strategy

Regressions on Patents (citation weighted)
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Knowledge Spillovers and Diffusion Empirical Strategy

Regression on R&D (ln(R&D divided by sales))
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Knowledge Spillovers and Diffusion Empirical Strategy

Summary of Empirical Findings
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Knowledge Spillovers and Diffusion Conclusions

Conclusions

Knowledge spillovers are an important form of externality. Though
they are not necessary for endogenous technological change, it is
plausible that they are quite sizable.

A variety of diverse evidence is consistent with the importance of
these spillovers, but concerns related to the “reflection problem”
plague many of the more formal attempts to draw inference on this.

Patent data and patent citation data can be used to investigate this
question, as well as more generally as a very useful source of data in
empirical work on innovation and technological change.

Estimates of the spillovers that attempt to deal with major
endogeneity issues and also spillovers taking place through product
market competition suggest that knowledge spillovers are very large.
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