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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 difficult 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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Figurge 1.—Percentage of Total Corn Acreage Planted with Hybrid Seed.
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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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What Can Be Patented

@ To be patented, an invention must be:

o Novel,

o Nonobvious,

o Adequately described or enabled (for one of ordinary skill in the art to
make and use the invention), and

e 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

o
o
o
o 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 a

Some Examples: Watt's Steam Engine

Acemoglu (MIT

5 oan

Diffusion Patents

AD. 1769 . . .. ... N 913

Steam Engines, &o.

‘WATT'S SPECIFICATION.

TO ALL T0 WHOM THESE PRESENTS SHALL COME, I, Jaus
Wars, of Glasgow, in Seotlaad, Merchant, senil greeting.

WHEREAS His most Excellent Majesty King George the Third, by His
Letters Patent under ths Great Seal of Great Dritain, bearing date the Fifth
dsy of January, in the ninth year of His said Majesty’s reign, did give aud
grant unto me, the ssid James Watt, His special Jicence, full power, scle
priviledge and authority, that I, the said James Watt, my cSors, aditiors,
and assigns, should and lawfally might, during the term of years therein
expressed, use, exercise, and vend, throughout that part of His Majesty's
Kingdom of Great Britain called England, the Dominion of Wales, and Town
of Berviick upon Tweed, and also in His Majesty's Colonies and Plantations
abroad, my “New Livaxts Mevsop op Lesssrc 1z Consuseriox o Sraax 4xp
Pus o Fres Bxomss;” in which said recited Letters Patent is contained a pro-
viso obliging me, the said James Watt, by writing under my hand and seal, to
use & partioular description of the nature of the said Invention to be inrolled
in His Majesties High Court of Chancery within four calendsr months after
the date of the said recited Letters Patent, as in and by the said Lotters
‘Patent, and the Statute in that bebalf made, relation being thereunto respec-
tively had, may more at large appear.

NOW ENOW YE, that in compliance with the said provisoe, and in pur-
suance of the said Statute, I, the said James Watt, do hereby declare that the
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Patents

Some Examples: Watt's Steam Engine (continued)

Acemoglu (MIT

AD. 1769.—N° 913. 3

Watts Method of Lesseing the Consumption of Steam & Fuck in: Fire Engines,
weights ore pressad, but not in the contrary. As the steam vessel moves round
it is supplied with steam from the boiler, and that which has performed its
offics may sither bo discharged by means of condensers, or into the open air.
Sixthly, 1 intend in some cases to apply a degree of eold not-capable of
5 roducing the steam to water, but of contracting it considarably, so that the
engines shall be worked by iho sltarmaie expansion and constraction of the
steam.
Lastly, instead of using water to render he piston or other parts of the
engines air and steam tight, T employ oils, wax, rosinous hodies, fat of animals,
10 quicksilver and other metalls, in their fluid state,
In witness whereof, T have hercanto sot my hand and scal, this Twenty-
fifth day of Apri in the yest of our Lord One thousand soven hundred

and sixty-nine.
JAMES WATT. (cs)
15 Sealed and delivered in the presenca of
Corr, WLz,
GEo. JiRDImE.
Jomx Rossvcx.
Bo it remembered, that the said James Watt doih mot intend that any
20 thing In the fourth article shall be understood to extend to any engine where
the water to be ralsed enters the steam vessell {tself, or any vessell having an
open communication with it.

Jastes Wazr.
Witnesses,
25 Corx, Wizgiz.
Gro. Tarpixe.

AND BE IT REMEMBERED, that on the Twenty-Bith day of Aprl
the year of our Lord 1769, the aforesaid Jomes Watt came before our said
ord the King in His Chancery, and acknowledged the Specification aforesaid,

30 and l] and every thing therein contrined and specified, in forin above wWritten.
And also the Specification aforesaid was stampt according o the tenor of the
Statute made in the sixth year of the reign of the late King and Queen
‘William and Mary of England, and so forth.

Tarolled the Twenty-pinth day of April, in the year of our Lord One

5 thousand seven hundred and sixty-nine.

LONDON :
Printed by Groror Eowarp Erxe and WirLux SrorTiswoops,
Frinters to the Quecn's mast Exccllent Majesty. 1855,
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a2z United States Patent
Ording

Diffusion

Patents

Some Examples: Apple's Touchscreen

US 8,209,606 B2
*Jun. 26, 2012

(10) Patent No.:
(s) Date of Patent:

(54) DEVICE, METHOD, AND GRAPHICAL USER
INTERFACE FOR LIST SCROLLING ON A
TOUCH-SCREEN DISPLAY

(75) Inventor:  Bas Ordin

i Franciseo, €

usy

(73) Assignes: Apple Ine., Cupertin, CA (US)

(*) Noti

Subject to any disclainner, the term of this
ptent is extended or adjusted under 35

US.C. 154(b) by 763 days.

This patent is subject o a terminal dis-
claimer.

(21) Appl. No.: 12/270,807

(22) Nov. 13, 2008

(45) Prior Publication Data
US 20000073194 A1 Mar. 19,2009

Related US, Application Diata

(63) mmmmm of application No. 11/956,969, filed on
Dec, 14, 2007, now Pat, No, 7,469,381

(50) PNVmom] application No. 60/937,993, filed on Jun,
2007, provisional app]lm\mn No. 60/946,971,

filesd on Jun, 28, 2007, plication No.
GOMSSK, floh on o 22, 2008, provitiona]
application No. G0/879.469. filed on Jai 8, 2007,
provisional application No. (08,801 fild on Jn
7. 2007, provisional application No. 60/879,253, fledt

on Jan. 7, 2007.
(51) Int.CL
GO6F 300 (2006013
GO6E 301 (2006013

.01
TUS/700; TISITR6; 7150763, T15/784
345/173; 3451156

(53) US.CL ..

58) Field af(l:mlﬁc

n Surch 3430173,
15/784, 763, 76, 700

cion e forcamplete scnrch history.

See app
(56) References Clied
US. PATENT DOCUMENTS.
SAQTIS A 1001995 Tenckel tal. 3951155
(Continued)
NT DOCUMENTS
a0
(Continued)
OTHER PUBLICATIONS

AU

Fxaminer's Amendment dated Oct. 29, 2008, o selated U S. App
No. 11956969

(Continued)
Primiary Examiner — Mark Rinehart
dssistont Exaniiner — Toan Vi
(74) Attorney, Agent. or Firm — Morgan, Lewis & Bockius
LLP

57) ABSTRACT
In accordance with some embodiments, a computer-imple-
mented method for wse in conjunction with a device with a
touch sereen display is disclosed. In the method, a movement
ofanabjecton or ncar the touch screen display is detected. In
rpome o detecting the movement,alis of tems displayed

is scrall fa
erminun of he s .u:]m while sl l]w list in the
first direction while ed on or near the
touch screen display, an area beyond the terminus of the list is
displayed. In response Lo detecting that the ebject s o longer
an or near e touch sereen display, the Jist is seralled in a
second direction until the area beyond the teminus of the list
is 1 longer displayed.

21 Claims, 38 Drawing Sheets
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Knowledge Spillovers and Diffusion Patents

Some Examples: Apple's Touchscreen (continued)

U.S. Patent Jun.26,2012  Sheet2of 38 US 8,209,606 B2
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Figure 2
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Knowledge Spillovers and Diffusion Patents

Some Examples: Apple's Touchscreen (continued)

U.S. Patent Jun.26,2012  Sheet3 of 38 US 8,209,606 B2
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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:

o Trajtenberg (1990): Individual patent specific social value for
Computed Tomography Scanners related to citations

o Hall, Jaffe and Trajtenberg (2005): Stock market value related to
citations.

o Bessen (2008): Patent renewals (decision to pay the annual renewal
fee) related to citations
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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.

o Nevertheless, this would be an interesting source of data to exploit for
this purpose.
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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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The Reflection Problem

o 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 = XjB+ay; +¢
where ¥; 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 y; and y; that
has likely to do nothing with the causal effect of the latter on the
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The Reflection Problem (continued)

o But a sister reflection problem emerges when the regression of
interest takes the form
Yj = 7+ 0%+ g

where X; is some average of the characteristics of j's neighbors.

@ Now the problem is to distinguish the effects of own x; from the
impact of X;, again when there are various reasons for correlated
effects across j and its neighbors.
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Estimating Technology Spillovers

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

@ Most of them ignore it.

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

o 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 | will now discuss.
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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.

o 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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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 7. 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
7T (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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Simple Model (continued)

o 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

xg = f (ko, km) and x, = f (km, ko) .

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 T, will affect behavior through knowledge capitals.

@ Now substituting these into the profit function, we obtain
I (ko, km) = 7T (x5, X, ko) -
o Naturally, partial derivatives satisfy: IT; > 0 and IT, < 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
ko = ¢ (ro,rz),

where r denotes R&D investments, and by assumption, the knowledge
of firm 0 depends only on its own investment and that of firm T

(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

Vo = maxI1 (¢ (ro, rc) , km) — ro.
ro
o Clearly, the first-order condition
IIi¢p; —1=0

gives the optimal R&D decision ry, where subscripts denote
derivatives and arguments are omitted.
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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:

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:
aV() . ak() a\/o akms

=I1[— > d — =11 < 0.
or; larT 20an 0rm 2 0rm =0
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Simple Model (continued)

@ The effect of R&D investment by firm T on firm 0's behavior is given
straightforwardly by applying the implicit function theorem as

] ory¥ .
sign { o } — sign {TTipy, + i1y, }
T

o Clearly, this will be positive only if ¢, > 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., IT1; <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

*

, or, ,
sign {ar:, } = sign {IT12¢, },

which as expected depends on Iy, i.e., whether competition between
the two firms makes their output strategic complements or
substitutes.
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Esnmeing Tedinalegy Spiliavers
Summarizing the predictions

TABLE VII

COMPARISON OF EMPIRICAL RESULTS TO MODEL WITH TECHNOLOGICAL SPILLOVERS AND
PRODUCT MARKET RIVALRY

U] 2) 3) ) 3 (6) Y]
Partial Empirics Empirics Empirics
Correlation Theory Iaffe Mahalanobis Jaffe, IV Consistency?

aVyfdr.  Market value with Positive 0.381%* 0.903** 1.079%** Yes
SPILLTECH

dVpfdr,  Market value with Negative —0.083**  —0.136%* —0.235%* Yes
SPILLSIC

dkofdr,  Patents with Positive 0.417%* 0.530** 0.407** Yes
SPILLTECH

dkyfdr,, Patents with Zero 0.043 0.053 0.037 Yes
SPILLSIC

Ao/ I, Productivity with Positive 0.191** 0.264** 0.206%* Yes
SPILLTECH

dyo/drw  Productivity with Zero —0.005 —0.007 0.030 Yes
SPILLSIC

drgfdr; R&D with Ambiguous 0.100 —=0.176* 0.138
SPILLTECH

drgfdrm  R&D with Ambiguous  0.083** (0.224** —0.022
SPILLSIC
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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:

© Constructing equivalents of technology neighbors and product market
rivals.
@ Worrying about the reflection problem.

@ They are successful in the first, less so in the second.
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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):
T.T!
'

VT TT)

where T; is the vector of share of patents of firm i in different
technology classes.

Techj =
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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:

SpillTech;; = Z Techj - Kz,
J#i

where Kj; is the R&D stock of firm j at time t, obtained from their
past R&D investments.
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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 S;, this is
S,-Sj

V555!

SIC; =

and they also define

SpillSICiy =Y SIC;j - Kjz.
J#i
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Eimpnitzl Sirsiazy
Example

@ Are these measures distinct?

Correlation IBM Apple Motorola Inrel
IBM SIC Compustat 1 0.65 0.01 0.01
SIC BVD 1 0.55 0.02 0.07
TECH 1 0.64 .46 .76
Apple SIC Compustat 1 0.02 0.00
SIC BVD 1 0.01 0.03
TECH 1 0.17 0.47
Mororoia SIC Compustat 1 0.34
SIC BVD 1 0.47
TECH 1 0.46
Intel SIC Compustat 1
SIC BVD 1
TECH 1
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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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Eimpnitzl Sirsiazy
Regressions for Market Value (Tobin's Q)

TABLE III
COEEFICIENT ESTIMATES FOR TOBIN'S Q EQUATION

(&) 2) (3) ) (3) (6)
Specification: OLS OLs OLS 0OLs OLs IV 2nd Stage
Distance Measure:  Jaffe Jaffe Jaffe Jaffe  Mahalanobis Jaffe
In(SPILLTECH,_,) —0.064 0381 0.305 0.903 L1079
(0.013) (0.113) (0.109) (0.146) (0.192)
In(SPILLSIC,_,) 0.053 —0.083 —0.050 —0.136 —0.235
(0.007) (0.032) (0.031)  (0.050) (0.109)
In(R&D Stock/Capital Stock),_; 0.859 0.806 0.799 0.799 0.835 0.831
(0.154) (0.197) (0.198) (0.198) (0.198) (0.197)
1st Stage F-Tests
In(SPILLTECH,_,) 1125
In(SPILLSIC,_,) 428
Firm fixed effects No Yes Yes Yes Yes Yes
No. observations 00944 9944 9944 9944 9,944 9,944
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Eimpnitzl Sirsiazy
Regressions for Productivity

TABLE IV
COEFFICIENT ESTIMATES FOR THE CITE-WEIGHTED PATENT EQUATION

(1) @) (O] ) 5)
Specification: Neg. Bin. Neg. Bin. Neg. Bin. Neg. Bin. Neg. Bin. IV 2nd Stage
Distance Measure: Jaffe Jaffe Jaffe Mahalanobis Jaffe
In(SPILLTECH),_, 0.518 0.468 0.417 0.530 0.407
(0.096) (0.080) (0.056) (0.070) (0.059)
In(SPILLSIC)—, 0.045 0.056 0.043 0.053 0.037
(0.042) (0.037) (0.026) (0.037) (0.028)
In(R&D Stock),_; 0.500 0.222 0.104 0.112 0.071
(0.048) (0.053) (0.039) (0.039) (0.020)
In(Patents),_, 0.420 0.425 0.423
(0.020) (0.020) (0.020)
Pre-sample fixed effect 0.538 0.292 0.276 0.301
(0.046) (0.033) (0.033) (0.032)
IV 1st Stage F-Tests
In(SPILLTECH ), 4.6
In(SPILLSIC),_, 15.0
Firm fixed effects No Yes Yes Yes Yes
No. observations 9,023 9,023 9,023 9,023 9,023
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Eimpnitzl Sirsiazy
Regressions on Patents (citation weighted)

TABLE V
COEFFICIENT ESTIMATES FOR THE PRODUCTION FUNCTION

(1) (2) (3) (C] (5)
Specification: 0OLS OLS oLs oLs IV 2nd Stage
Distance Measure: Jaffe Iaffe Jaffe Mahalanobis Jaffe
In(SPILLTECH), , —0.022 0.191 0.186 0.264 0.206
(0.009) (0.046) (0.045) (0.064) (0.081)
In(SPILLSIC),—y —0.016 —0.005 —0.007 0.030
(0.004) (0.011) (0.021) (0.054)
In(Capital),_, 0.288 0.154 0.153 0.156 0.152
(0.009) (0.012) (0.012) (0.012) (0.012)
In(Labor),_, 0.644 0.636 0.636 0.637 0.639
(0.012) (0.015) (0.015) (0.015) (0.016)
In(R&D Stock),—y 0.061 0.043 0.042 0.043 0.041
(0.005) (0.007) (0.007) (0.007) (0.007)
Ist Stage F-Statistic
In(SPILLTECH),_, 1124
In(SPILLSIC),—y 51.2
Firm fixed effects No Yes Yes Yes Yes
No. observations 9,935 9,935 9,935 9,935 9,935
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Eimpnitzl Sirsiazy
Regression on R&D (In(R&D divided by sales))

TABLE VI
COEFFICIENT ESTIMATES FOR THE R&D EQUATION

(1) (2) (3) 4) (5)
Specification: OLS OLS OLS OLS IV Ind Stage
Distance Measure: Jaffe Jaffe Iaffe Mahalanobis Jaffe
In(SPILLTECH),_, 0.079 0.100 —0.049 —0.176 0.138
(0.018)  (0.076)  (0.042) (0.101) (0.122)
In(SPILLSIC),_, 0.374 0.083 0.034 0.224 —0.022
(0.013) (0.034) (0.019) (0.048) (0.071)
In(R&D/Sales),—, 0.681
(0.015)
IV 1st stage F-tests
In(SPILLTECH),_, 190.7
In(SPILLSIC)-, 38.0
Firm fixed effects No Yes No Yes Yes
No. observations 8.579 8.579 8,387 8.579 8.579
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Eimpnitzl Sirsiazy
Summary of Empirical Findings

TABLE VII

COMPARISON OF EMPIRICAL RESULTS TO MODEL WITH TECHNOLOGICAL SPILLOVERS AND
PRODUCT MARKET RIVALRY

1 (2) (3) “ (3) (6) m
Partial Empirics Empirics Empirics
Correlation Theory Jaffe Mahalanobis Jaffe, IV Consistency?

aVyjdr,  Market value with Positive 0.381%* 0.903** 1.079%** Yes

SPILLTECH

Wy fdr,  Market value with Negative —0.083**  —0.136%* —0.235%% Yes
SPILLSIC

dkofdr,  Patents with Positive 0.417** 0.530** 0.407** Yes
SPILLTECH

dkofdr,  Patents with Zero 0.043 0.053 0.037 Yes
SPILLSIC

dw/or.  Productivity with Positive 0.191%* 0.264** 0.206%* Yes
SPILLTECH

dyo/drm  Productivity with Zero —0.005 —0.007 0.030 Yes
SPILLSIC

dry/dr, R&D with Ambiguous 0.100 —0.176* 0.138
SPILLTECH

argfdr,  R&D with Ambiguous  0.083** (0.224** —0.022
SPILLSIC
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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.

o 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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