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INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS:
STYLIZED FACTS FROM PATENT CITATIONS, 1980-2011

SOONWOO KWON!, JIHONG LEE!, AND SOKBAE LEE! 2

ABSTRACT. We analyze cross-country trends in technological progress over the period of
1980-2011 by examining citations data from almost 4 million utility patents granted by
the US Patent and Trademark Office (USPTO). Our estimation results on patent quality
and distance to the knowledge frontier reveal the following stylized facts. The emerging
Asian economies of Korea, Taiwan and China have indeed achieved substantial catch-up
towards the technology frontier. In the case of Korea and Taiwan, progress has been made
in terms of patent quality as well as distance to the frontier. Chinese patents are of higher
quality now than before but Chinese inventors have yet to reduce the citation lag relative
to the frontier. In contrast, advanced economies of Europe and Japan have displayed
steady decline in their patent quality. Finally, the US has maintained, and in some cases
strengthened, its position as the world technology frontier.

KEYWORDS: Innovation, patent citation, patent quality, distance to the knowledge fron-
tier, international comparison

JEL cLASSIFICATION: 033, O57

1. INTRODUCTION

Innovation is the main engine of long-run economic growth. In a frictionless world where
knowledge spills over freely, there would be no cross-country differences in technological
progress and hence long-run growth; however, substantial variations across and within
economies have existed in the real world. The purpose of this paper is to document com-
prehensive cross-country trends in technological progress by examining US patent citations

'DEPARTMENT OF ECcoNOMICS, SEOUL NATIONAL UNIVERSITY, 1 GWANAK-RO, GWANAK-GU, SEOUL,
151-742, REPUBLIC OF KOREA.
'DEPARTMENT OF ECONOMICS, SEOUL NATIONAL UNIVERSITY, 1 GWANAK-RO, GWANAK-GU, SEOUL,
151-742, REPUBLIC OF KOREA.
2CENTRE FOR MICRODATA METHODS AND PRACTICE, INSTITUTE FOR FISCAL STUDIES, 7 RIDGMOUNT
STREET, LoNDON, WCI1E 7TAE, UK.
E-mail addresses: kwon409@snu.ac.kr, jihonglee@snu.ac.kr, sokbae@snu.ac.kr.
Date: February 2014.
We would like to thank Nick Bloom, Keun Lee, Jee-Hyeong Park and Manuel Trajtenberg for their com-
ments. This research was supported by the POSCO TJ Park Foundation’s Research Grants for Asian
Studies, by Seoul National University Asia Center (0448A-20130004) and by the European Research Coun-
cil (ERC-2009-StG-240910-ROMETA).

1



2 INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS
data for the period of 1980-2011. We update existing citations datasets to facilitate analysis
of the most recent trends.

Since 1980, about half of patents taken out at the United States Patent and Trademark
Office (USPTO) have come from inventors residing outside the US. Traditionally, Japan,
Germany, France and Great Britain have been important originating countries of USPTO-
granted patents. Recently, Taiwan and South Korea have joined the ranks of top patent-
producing nations, while a rapidly increasing number of USPTO patents now belong to
China. Table [I| summarizes top 15 countries in terms of all USPTO utility patent counts

by the country of the first inventor between 1980 and 2011/

TABLE 1. Patent Counts

Period

1 2 3 4 5 6 7 8 Total

Country (1980- (1984- (1988- (1992- (1996- (2000- (2004- (2008-
1983) 1987) 1991) 1995) 1999) 2003) 2007) 2011)

United States (US) 143344 159569 189250 217289 287008 347796 328568 376725 2049549
Japan (JP) 32454 53622 76877 88366 108176 134985 136054 160464 790998
Germany (DE) 23031 27781 30999 27533 32258 44226 38851 42235 266914
EU 11946 14926 17313 16721 22782 30533 26628 31467 172316
France (FR) 8138 9805 11697 11538 13240 15766 12815 15294 98293
Great Britain (GB) 8940 9943 11262 9432 12167 15107 13463 14877 95191
Taiwan (TW) 298 824 2686 5253 10747 20777 23546 30026 94157
Korea (KR) 65 201 886 3421 10205 14581 20994 40305 90658
Canada (CA) 4206 5456 7344 8020 10811 13889 13163 16922 79811
Switzerland (CH) 4668 4992 5227 4549 4759 5419 4524 5597 39735
Australia (AU) 1086 1395 1812 1713 2376 3352 4467 6189 22390
Israel (IL) 459 775 1166 1383 2515 3973 4284 6369 20924
China (CN) 5 35 196 204 270 894 2222 8709 12535
India (IN) 28 52 73 118 279 897 1773 3651 6871
Former Soviet Union (FSU) 1264 598 609 364 726 968 836 1121 6486
Rest of the world (RW) 2406 2699 2941 2977 4314 7131 577 10275 40320
Total 242338 292673 360338 398881 522633 660294 639765 770226 3887148

Notes: Data consist of all utility patents granted at the United States Patent Office (USPTO)
between 1980 and 2011. A country of a patent is classified by the location of the first inventor. EU
refers to 15 European Union members as of 2002 except Germany, France, and Great Britain.

Table (1| confirms the meteoric rise in knowledge production by the emerging Asian coun-

tries of Korea, Taiwan, China and India. Interestingly, it also shows that the volume of

patents has been rising for every country during the 1990s and 2000s. In particular, the

Roughly 99% of all relevant patents in the sample period originated from the top 15 countries.



INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS 3
number of patents by US inventors during the final 4-year period of 2008-2011 is more
than two and a half times that of the initial period of 1980-1983; Japan, the second largest
patent-producing country in 1980, saw a five-fold increase over the same time span. Other
advanced countries of Europe (Germany, EU, France and Great Britain) are also producing
substantially more patents now than before.

Despite this seemingly apparent global success in technological progress, serious concerns
have been raised against the actual substance behind the recent surge in the volume of
patents. In particular, |Jaffe and Lerner| (2004)) argued that policy shifts in the US in the
1980s led to reduced costs of patent application on the one hand and a shortage of qualified
examiners on the other, culminating in an exponential rise in the volume of USPTO-granted
patents with lower average qualityﬂ Ample evidence also exist to suggest similar quality
decline in patents from the European Patent Office (EPO), the other major patent-granting
bodyﬂ In order to obtain more accurate gauge of the overall strength of technological
progress, therefore, one must account for the quality of patents.

While the quality of innovation has been widely recognized for its important role in
determination of economic growth (e.g. (Grossman and Helpman| (1991)), /Aghion and Howitt
(1992)), there exists an intrinsic difficulty in its coherent measurement across countries and
over time. Countries are highly heterogeneous and underlying factors affecting innovation
are changing constantly. In this paper, we aim to establish stylized facts on international
technological progress based on rigorous analysis of patent data. We overcome the issue of
country-wide heterogeneity by focusing on USPTO-granted patents and address the time-

varying nature of USPTO practices by adopting the method of difference—in—differencesﬁ

2See \Jaffe and Lerner| (2004) for various examples of USPTO-granted patents with dubious merits. See
also [Federal Trade Commission| (2003) and [Merrill, Levin, Myers, et al,| (2004]) for declining quality of
USPTO-granted patents.

3See, for example, Eaton, Kortum, and Lerner, (2004)), |Guellec and de La Potterie| (2007)), |Jones| (2009),
Griffith and Miller| (2011)) and (OECD| (2011)).

*Formal models of growth that endogenize and estimate the development of innovation using patent data
include |Caballero and Jaffe| (1993)) and [Eaton and Kortum) (1996, {1999).
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Since the study of [Trajtenbergl (1990), the citations data have offered an important
source of patent quality measure: higher quality patents should generate more impact and
hence more citations. The first part of our analysis studies the patent quality of different
countries as measured by citations received within two years. Specifically, we develop a
panel regression model with fixed effects to compare the patent quality of non-US inventors
to that of US inventors in each of the three decades, 1980s, 1990s and 2000s. Using multiple
measures of patent quality based on citations information, our regression analyses establish

the following stylized facts:

e Patent quality of the emerging Asian economies of Korea and Taiwan caught up
with the US during the 1990s, while similar catch-up occurred for China during the
2000s.

e Patent quality of the advanced nations of Europe and Japan declined relative to
the US.

e The US maintained highest patent quality.

Our empirical analysis demonstrates that the rapid rise of Korea, Taiwan and China in
patent production can indeed be substantiated by underlying quality improvement. On the
other hand, our results throw caution to the possible conclusion from Table [I| that inno-
vation has been advancing in other countries, in particular, the traditional powerhouses of
Europe and Japan. When measured vis-a-vis the US, patent quality of these countries have
declined during the sample periods. In the case of Japan, whose patent volume increased
most among the advanced nations, the initial advantage over the US in patent quality was
wiped out by the 1990s and turned into deficit in the 2000s. Perhaps most interestingly,
the US continued to be the country of highest patent quality and even strengthened its

relative advantage against many countries over the last several decadesﬂ

5 Another country that displayed a rapid increase in the volume of patents since 1980 is India. But, our
regression results do not show clear improvement in India’s patent quality.
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The patent citations data offer another avenue to obtain an output indicator of innovation
activity by different countries. Our idea is that an inventor who is quicker at citing the
frontier technology is more likely to be closer to the frontier itself and hence in possession
of superior innovation capacity. In the second part of our paper, we examine this idea by
directly estimating the distance to knowledge frontier across countries during the sample
period. By taking US-inventors’ patents as the frontier technology, we adopt the fixed-
effects estimator of |Griffith, Lee, and Van Reenen| (2011)) to measure the speeds with which
non-US inventors cite the frontier patents relative to US-inventors, which we refer to as
“citation lag”. Examining the trends, the citation lags for the advanced countries of Europe
and Japan vis-a-vis the US did not change significantly over the last three decades. The

main observation is the following:

e Most significant gains in narrowing of the distance to the knowledge frontier were

made by the emerging economies of Korea, Taiwan and Israel.

Therefore, the technological progress of Korea and Taiwan have indeed been achieved on
multiple dimensions. Israel’s patent quality was much closer to the US than Korea and
Taiwan in the early 1980s, and our evidence does not suggest any improvement in this
dimension for Israel. China, for whom our evidence on patent quality trends suggest sig-
nificant upgrade, did not register meaningful improvement on citation lag.

The literature on investigating patents as economic indicators is large and extensive.ﬁ
Among this literature, an early study on using patent citations as a quality indicator
was by |Trajtenberg (1990), who estimated the effect of various research inputs on the
citation-weighted patent COUHtSEI An index of patent quality using citations information
was developed by [Lanjouw and Schankerman| (2004)). Also, a number of studies report a
positive relationship between patent citations and market value of the patent holder (e.g.

Bloom and Van Reenen| (2002), Hall, Jaffe, and Trajtenberg (2005), |Belenzon (2012])).

6See |Griliches| (1990), Jaffe and Trajtenberg (2002) and Hall and Harhoff (2012), among others.
"For another early application of citation data, see Lieberman (1987)).
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Another area in which patent citations have been used extensively is the literature on
knowledge diffusion. Using patent citation information as a direct measure of the transfer of
knowledge, this empirical literature explores the role of distance, e.g. national boundaries.
See |Jaffe, Trajtenberg, and Henderson (1993)), Jaffe and Trajtenbergl (1999), Thompson
and Fox-Kean| (2005)), Henderson, Jaffe, and Trajtenberg (2005), [Thompson| (2006) and
Griffith, Lee, and Van Reenen| (2011)), among many others.

In contrast to the aforementioned papers that explore patent citations data to measure
knowledge spillovers, this paper uses citations to track the recent cross-country trends in
technological progress. Unlike usual scientific citations, patent citations are often inserted
at the request of examiners who set the boundaries of the new patent and note its context.
While this raises a concern over the extent to which examiner-added citations measure
knowledge spillovers (e.g. |Jaffe, Trajtenberg, and Fogarty (2000))EI such concerns are
less likely to apply for measuring patent quality and distance to the knowledge frontier.
Examiner-added citations may offer more objective evidence of patent quality and also how
close a new patent has come to challenge the cited patent.

Another important distinguishing feature of our paper is the dataset. While most of
the previous related studies were based on the citations data only up to 1999 (compiled
by NBER) or sometimes up to early 2000s (using, for instance, Bronwyn Hall’s dataset
that goes up to 2002), we have updated the dataset up to 2011. This enabled us to obtain
valuable insights into the global innovation trends in the most recent decade, including the
growth of China which was not picked up previously.

Our paper also contributes an old debate on growth accounting and total factor produc-
tivity (TFP) in East Asia. During the 1990s, a number of authors (e.g. [Young (1995)),
Page| (1994)) concluded that the rapid growth of the four Asian Tigers (Hong Kong, Singa-
pore, South Korea, Taiwan) up to 1990 was almost entirely quantity-driven. Our analysis

8Thompson (2006)) used variation between citations added by examiners and by inventors to identify lo-
calized knowledge spillovers.
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presents micro-level evidence that indeed suggests the occurrence of quality-driven growth
by these countries, as well as China, since the 1990s.

Finally, we contribute to the literature on innovative activities in Asia. This literature
sought to explain, among other things, the pattern of knowledge diffusion into and within
the emerging Asian economies (e.g. Hu and Jaffe| (2003), Hu (2009))) and the role of
innovation behind their successful growth (e.g. Hu and Mathews| (2005), Hu and Jefferson
(2009), |Grithith and Miller| (2011)), Lee (2013)). We offer not only comprehensive trends
of technological progress by Asian economies using an updated dataset but also those of
other important patent-producing countries outside Asia.

The remainder of the paper proceeds as follows. In Section [2, we describe our data.
In Section [3| we study cross-country trends in patent quality by employing differences-in-
differences estimation against the US benchmark in different time periods. In Section [4]
we measure distance to the knowledge frontier, using the fixed-effects estimator of |Griffith,
Lee, and Van Reenen| (2011), and document the trends across countries. Section 5| offers
some concluding remarks. Appendices provide further details on our dataset as well as

additional analyses that are left out of the main text for expositional reasons.

2. DATA

We use USPTO patent citation data from January 1980 to December 2011. The data up
to 1999 are obtained from the National Bureau of Economic Research (NBER) U.S. Patent
Citations Data Files — specifically, PAT63_99 and CITE75,99E| Bronwyn Hall provides the
corresponding data for additional three years, over the period 2000-2002, in her Websitem

For this paper, we have extended the dataset up to December 2011 by extracting related

9These datasets have been widely used in the economic analysis of knowledge spillovers. See Hall, Jaffe,
and Trajtenberg (2001) for an overview.

UHall’s augmented datasets — specifically, PAT63_02 and CITE75.02 — comprise of all 3,416,957 utility
patents granted by the USPTO between January 1963 and December 2002 by the USPTO and all 22,309,440
citations made by utility patents granted in the period of January 1975 to December 2002. Hall’s datasets
are available at http://elsa.berkeley.edu/~bhhall/patents.html.
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information (including the inventor location) from the bulk data provided by the USPTO.
Appendix [A] presents the details of how this data extension was conducted. Combining the
two previous sets of data with our data extracts, we constructed a dataset consisting of all
utility patents granted up to December 2011 and detailed information on the patents that
cited other patents included in the dataset. The number of patents that we have added
for the period of 2003-2011 amounts to over 1.5 million, equivalent to almost 40% of the
sample size.

Our analysis considers top 15 countries in terms of the accumulated number of granted
patents between 1980 and 2011E These 15 countries, ordered from the most granted to the
least, are as follows: United States (US), Japan (JP), Germany (DE), EU[ France (FR),
Great Britain (GB), Taiwan (TW), Korea (KR), Canada (CA), Switzerland (CH), Australia
(AU), Israel (IL), China (CN)[¥ India (IN) and Former Soviet Union states (FSU)[M| Our

estimation analyses below also consider patents produced by the rest of the world (RW).

3. MEASURING INNOVATION VIA PATENT QUALITY

The patent data offer a natural source for exploring the innovation capacity of a country.

In this section, we analyze cross-country trends in patent quality measured by citations.

3.1. First Look. Figure [I| shows the cross-country trends in the “citation frequency”, i.e.
the proportion of patents that were cited within two years from their grant dates across
the 15 inventor locations (countries). Here, we take the US as the technology frontier, and
its trend as a benchmark, and evaluate relative performance of the other countries. In each

graph, the dashed line depicts the US benchmark trend.

HPrior to 1980, there were only very few patents from the emerging economies of China, India, Korea,
Taiwan and others. We therefore begin our analysis from 1980.

2EU consists of the following 12 countries: Austria, Belgium, Denmark, Finland, Greece, Ireland, Italy,
Luxembourg, Netherlands, Portugal, Spain and Sweden, as in |Griffith, Lee, and Van Reenen| (2011)).
3Hong Kong is excluded from China. In Appendix [Al we explain how the location of the first inventor of
a Chinese patent was checked in this regard.

HMFor consistency throughout the periods, we regard all patents whose inventors were located in the 15
former Soviet Union member countries as “FSU (Former Soviet Union)” patents.



INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS

FI1GURE 1. Proportion of patents cited within 2 years
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FIGURE 1. Proportion of patents cited within 2 years (continued)
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each sub-period the proportion of patents cited within 2 years. Each graph includes
the trends of the given country and the US benchmark.
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There are several interesting facts to note from Figure [I, First, within the period of
1980-2011, the most notable surge in citation frequency was produced by the emerging
Asian nations of Korea, Taiwan and China. Over the two decades up to 2000, patents
granted to Korean and Taiwanese inventors went through an increase of more than 30%,
while for other countries the corresponding figures ranged between 10 and 20 %. In the
2000s, a similar growth pattern was experienced by China.

Second, the advanced nations-the European countries (Germany, EU, France, Great
Britain and Switzerland) and Japan—exhibited declines in citation frequency relative to
that of the US. For the FEuropean countries, the gap against the US widened substantially
over the period; for Japan, the initial advantage over the US was reversed and a substantial
deficit emerged.

Third, and perhaps most importantly, the data reveal sustained prominence of the US
in innovation quality measured by patent citation frequency. Its benchmark trends consis-
tently lie above those of all other countries with few exceptions. The rapid improvements
shown by Korea and Taiwan resulted in actual overtaking around the mid-90s but this was
followed by relative decline in the 2000s, similarly to the pattern experienced by Japan.
China’s citation frequency reached parity with the US towards the end of the last decade.

Note that the above measure of citation frequency focuses only on whether or not a
patent has been cited within a two-year window. While it is natural to think that cited
patents are more likely to be of higher quality than non-cited patents, one might argue that
there are other important citation measures correlated with the patent quality, for example,
the average number of citations received. Also, Figure [1| demonstrates citation patterns
for all industrial sectors; there might be meaningful variations if instead we compared the
countries in different sectors separately. Therefore, we next conduct a more rigorous and
comprehensive regression analysis of the cross-country trends in patent quality. In addition

to citation frequency, our regression model also takes as dependent variable the average of
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the total number of citations received within two years for the patents produced by each

country, referred to as “average citations”.

3.2. Regression Results. We next develop a panel regression model with fixed effects to
compare the patent quality of non-US inventors to that of US inventors over the period of

1980-2011. Our model is given by
(31) cht = + E?ﬁlaisi + Zgzlﬁztz + nchst,SO + n;XcsLQO + néXcst,OO + Ecsty

where Y., is either the citation frequency, or the average number of citations, received in 2
years for country ¢, sector s and grant year tH {s;} are 36 sector (sub-category) dummiesm
{t;} are 29 grant year dummiesﬂ and e.4 is the regression error term. In addition, the
following regressors are included to obtain difference-in-differences (DiD) estimates (vis-a-

vis the US):

Newtso = (1{c=JP,1980 < t < 1989}, ..., 1{c = RW, 1980 < ¢ < 1989}/,
Xewroo = (1{c = JP,1990 < t < 1999}, ..., 1{c = RW, 1990 < ¢ < 1999},

Xewroo = (1{c = JP,2000 < t < 2009}, ..., 1{c = RW, 2000 < ¢ < 2009},

where 1{-} is the usual indicator function[l§
The parameters of interest are the coefficients 7, 7o and 73, which capture the difference
compared to the US in the 1980s, 1990s and 2000s, respectively, for each country.ﬂ To

account for the different sample sizes of cohorts, we adopt weighted regression with the

5There are all 16 countries (or groups of countries) including RW (rest of the world), 37 sectors (sub-
categories) and 30 grant years (excluding the last couple of years so that patents for each grant year have
a two-year-period of citations received).

1(SSub—(,’ategory is a variable from the NBER datasets and it sub-categorizes the six industrial categories.
There are 37 sub-categories in total.

1"While the dataset covers all 32 years from 1980 to 2011, our regression here considers patents up to only
2009 to allow for full 2-year forward citations; also, year 1980 is omitted.

BWe have also conducted DiD estimation across different time intervals (periods of 8, 9, 11 and 12 years)
but the results are qualitatively unaffected.

19The size of the coefficient matrix is (15 x 1) instead of (16 x 1) since we omit the US benchmark case.
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weights given by the number of patents in each cell. Standard errors are clustered by
country and sub-category.

Table [2| reports the estimation results which report the sector-adjusted and grant-year-
adjusted cross-country trends in patent quality represented by two different citation mea-
sures. Indeed, we find that these results are consistent with the earlier observations in
Figure (1, whether we take citation frequency or average citations as the dependent vari-

able. We summarize our findings as follows.

Fact 1. Patent quality of the emerging Asian economies of Korea and Taiwan caught up

with the US during the 1990s, while similar catch-up occurred for China during the 2000s.

Patent quality of Korea and Taiwan both lagged substantially behind that of the US
in the 1980s: in terms of citation frequency, the coefficient value of the DiD regressor
was -0.087 for Korea and -0.058 for Taiwan (both significant at 0.1% level), while the
corresponding figures on average citations are -0.236 and -0.122, respectively. In the 1990s,
however, this deficit in citation frequency was almost halved for Korea (-0.045), while
Taiwan achieved statistical parity with the US (in fact, a positive coefficient value, 0.011,
though insignificant). This rapid catch-up was also apparent in average citations. Although
these countries’ relative growth in patent quality faded away in the 2000s, notice that the
corresponding coefficient values are still closer to parity with the benchmark than those of
the advanced European nations.

For China, similar surge was observed during the 2000s. On both measures, China’s
patent quality gap against the US became statistically insignificant in this decade. Our
findings are consistent with evidence reported by |Griffith and Miller| (2011), who showed
that the proportion of EPO patent applications with at least one Chinese inventor that
are near science—more fundamental research and hence, presumably higher quality—was

higher than that of all EPO patent application for the period of 1995—2005.@

20Griffith and Miller| (2011)) attributed part of the success of China to investment of foreign multinationals.
See also Hu and Jefferson| (2009)) for explanations behind China’s patent surge.



14 INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS

TABLE 2. Regression Results (citation frequency and average citations)

Dependent variable:

Citation Frequency Average Citations
(1) (2) (3) (4) () (6)
Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009
Japan (JP) .052%%* —.006 —.038%** 122%*% -.078 —. 184
(.010) (.010) (.011) (.032) (.046) (.040)
Germany (DE) —.026* —.Q79*** QQTHH* —.059% —.241%Kx Qg Rk
(.010) (.009) (.011) (.026) (.038) (.036)
EU —.048%FFF  —08G*** - 088*FFF  —105¥FF  —244%Fk*  _ gpTHHX
(.011) (.010) (.010) (.027) (.041) (.028)
France (FR) —.048%FK 096 —109* K 11300k _o7pHrk 3Rk
(.010) (.010) (.009) (.029) (.040) (.032)
Great Britain (GB) -.024 —.066%**  —.060*** -.055 =201 - 193%**
(.013) (.010) (.008) (.034) (.040) (.024)
Taiwan (TW) —.058%** .011 —.039* —.122%** .083 —.143*
(.012) (.023) (.020) (.031) (.114) (.057)
Korea (KR) COSTERE 045 064FFF 236FFF 166% 2430
(.023) (.019) (.012) (.038) (.070) (.043)
Canada (CA) C030%FE _040%FE  030%%  —08TRRE _198% 108
(.010) (.011) (.009) (.025) (.050) (.027)
Switzerland (CH) —.022 —.079%**  — 096HH* —.040 —.231Fxx _ 29QHHk
(.013) (.011) (.009) (.035) (.039) (.028)
Australia (AU) —Q78¥FE Q8K 044 rHK _158FKK  _ oF1H** —-.109*
(.013) (.015) (.011) (.028) (.045) (.045)
Israel (IL) ~034%  —050%%  —.033**  —059 S110 102
(.016) (.015) (.010) (.037) (.071) (.027)
China (CN) CA3FFEE I1BREE 005 —.227%F  —360%F% 062
(.039) (.017) (.031) (.085) (.049) (.075)
India (IN) —112%* —118%** OR4FH* —.170* —.308***  _ pH4HRk
(.036) (.022) (.012) (.074) (.060) (.034)
Former Soviet Union (FSU) —.136%**  —150***  —081*#**  _251***  _353*#*k  _ o50%+*
(.014) (.015) (.015) (.033) (.049) (.035)
Rest of the World (RW) —100%**  — 098K —QEh*IK  —184%KK  _o45¥xk _ 186HHK
(.011) (.011) (.011) (.027) (.046) (.033)

Notes: Columns (1)-(3) show estimated coefficient values for the three DiD regressors with citation frequency as
dependent variable, and columns (4)-(6) contain corresponding estimates for average citations.

* p<0.05, ** p<0.01, *** p<0.001

1. In the parentheses are standard errors.

2. In each regression, grant year dummies and sub-category dummies are also included as regressors.

3. We use standard errors clustered by country and sub-category.

4. We use weighted regression where the sample size of each cohort is used as the weight.
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Fact 2. Patent quality of the advanced economies of Furope and Japan declined relative to

the US.

The second notable stylized fact is the relative decline of the advanced nations of Eu-
rope and Japan. In the initial sample decade of 1980s, EU and the major European
countries (Germany, France, Great Britain and Switzerland) had relatively small patent
quality deficits against the US in terms of both citation frequency and average citations.
For instance, in terms of citation frequency, the coefficient value was -0.026 for Germany
and -0.024 for Great Britain, with the latter being statistically insignificant. Japanese
patent quality in the 1980s was actually better, with the corresponding coefficient being
0.052. However, significant decline occurred during the 1990s for all these countries. For
Germany, the citation frequency coefficient dropped to -0.079, and for Great Britain, it
became -0.066 (significant at 0.1% level). For Japan, the decline erased its advantage alto-
gether. The last decade witnessed continued decline for these countries, albeit at somewhat

slower pace, except for Great Britain who reduced the deficit slightly.
Fact 3. The US maintained highest patent quality.

Perhaps the most noteworthy observation from our analysis here is the confirmation of
the dominance of US patent quality. In the 1980s, although the US displayed better patent
quality against most countries, the advantage was relatively small against other advanced
nations; also, Japan had higher patent quality while the difference from Great Britain or
Switzerland was statistically insignificant. In the 1990s, however, the relative position of
the US strengthened substantially against all countries on both measures, except for the
case of Korea and Taiwan. The final decade saw this trend continuing for many countries,
especially, Japan and most European countries. Other countries that managed to reverse
the trends did so in relatively small scale. Korea and Taiwan went from the rapid catching-
up in the previous decade to deficits. China was the only country that achieved statistical

parity with the US in the 2000s.
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The remaining countries did not reveal patterns that were as conclusive as the afore-
mentioned countries. Their estimation results depended on the dependent variable, except
during the 2000s when they all recorded some gains relative to 1990s in terms of both
measures of patent quality. Among them, it is worth noticing that, despite a substantial
increase in the volume of patents since 1980, India’s patent quality has not displayed similar
tangential improvement.

The main regression results here are intact if we control for aggregate sectors (six indus-
trial categories as defined by the NBER data) instead of using sub-category sectors and
also if we use a five-year window to compute the citation frequency and average citations

instead of using the two-year window. See Tables and in Appendix [C]

3.3. Hirsch Index. While citation frequencies and average citations both capture some
aspect of a country’s patent quality, such measures may not explain overall technological
innovation because they fail to take into account the total size or productivity of the
innovation sector, i.e. the number of patents granted. One measure to capture citation-
adjusted total research output is the Hirsch index, or simply H-index, which is widely used
to measure a scholar’s research performance.lﬂ

In Appendix , we report two sets of estimation results (Poisson and negative binomial
models) with H-indices as dependent variables. These results broadly support our previous
findings on average patent quality. With the quantity of patents also taken into account,
we see that Korea and Taiwan actually continued to strengthen their worldwide posi-
tions during the 2000s; moreover, substantial technological gaps still separate the emerging
economies from the advanced economies of Japan and Europe. In order to highlight these

overall trends, in Table 3, we present the international rankings based on H-index regression

2LAn author with a total of n papers has H-index & if he or she has more than h papers that have been
cited at least h times and the other n— h papers have been cited at most h times. This measure is originally
proposed by Hirsch| (2005) to analyze individuals’ research output in physics. In economics, Ellison| (2013])
recently used Hirsch-like indices to examine how well different indices explain labor market outcomes for
young, tenured economists at 50 US departments.
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TABLE 3. Hirsch Index rankings

Hirsch-index rankings

Country 1980-1989 1990-1999 2000-2009
Japan (JP) 1 1 1
Germany (DE) 2 2 2
EU 3 3 3
France (FR) 5 6 8
Great Britain (GB) 4 4 5
Taiwan (TW) 10 7 6
Korea (KR) 13 9 7
Canada (CA) 6 5 4
Switzerland (CH) 7 8 12
Australia (AU) 9 12 11
Israel (IL) 11 11 10
China (CN) 14 14 13
India (IN) 15 15 15
Former Soviet Union (FSU) 12 13 14
Rest of the world (RW) 8 10 9

Notes: These ranks are based on our regression model with the
Hirsch index of each location as the dependent variable. We rank
each country in descending order according to its coefficient esti-

mate for each decade.

results for each of the three previous decades. A higher ranking means an H-index closer
to that of the US in the corresponding decade. We observe that Japan, Germany and EU
maintained the top 3 positions throughout the three decades. The rankings of Korea and

Taiwan rose most substantially, while France and Switzerland showed notable declines.

4. MEASURING DISTANCE TO THE KNOWLEDGE FRONTIER

The patent citations data enable us to explore another channel of measuring the trends
in technological progress. Taking US as the knowledge frontier, we next consider the speed
with which US patents are cited by non-US patents. As discussed in Introduction, our
perspective is that an inventor who is quicker at citing a frontier patent is closer to the

frontier itself.
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4.1. First Look. Let us begin by documenting how much longer on average it takes for
inventors of a given country to make first citations to US patents than US inventors. Re-
duced citation lags may result from multiple sources other than improvement in technology
capacity of the citing inventors. Since higher quality patents may be more likely to be
cited, advance in US patent quality could lead to quicker citations by other inventors; an-
other potential reason for smaller citation lags would be diminished international frictions
against knowledge spillover due to, for example, better communication technology. In order
to take account of this issue, we consider the relative distance to the US benchmark across
countries. The sample period is divided into 8 equal-length sub-periods to scrutinize the
trends.

The graphs of Figure [2| demonstrate several noteworthy features of the cross-country
trends in average time to first citation. First, there were no significant differences for
the advanced European nations (including Switzerland) and Japan in the early 80s rela-
tive to the US, and this remained true throughout the entire sample period. Second, for
the remaining nations, substantial lags existed in the early 80s but these lags decreased
throughout the sample period. In particular, the rate of reduction was most marked for
Korea, Taiwan and China, the three countries who also made dramatic catch-up in patent
quality as seen in Section 3| above. For instance, between 1980-83, the average time it took
a Korean inventor to cite a US patent was more than 150% that for her US counterpart;
by 1996-1999, the deficit was actually reversed. For China, parity with US inventors came

about during the latter part of 2000s.

4.2. Econometric Model. In this section, we formally estimate distance to the knowledge
frontier by defining the latter as the set of patents taken out by inventors residing in the
US. To achieve our goal, we use the fixed-effects estimator of Grithith, Lee, and Van Reenen
(2011). We first provide a brief review of their estimator and then present our empirical

results.
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FIGURE 2.

Time to first citation
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FIGURE 2. Time to first citation (continued)
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Notes: Each graph shows the relative time that it takes for an inventor of the given
country to cite a US patent for the first time. For example, in the graph for Korea,
166.8% for the first sub-period indicates that it took 166.8% longer (in mean number
of days) when the first citation of a US patent was made by a Korean inventor than
when the first citation was made by a US inventor.
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In the framework of |Griffith, Lee, and Van Reenen| (2011)), there are a set of inventions
1 =1,....,1 and a set of inventors 5 = 1,...J. The inventors will learn of invention ¢ after
a time period Tj; and therefore, T;; can be thought of as the “citation (or diffusion) lag”
between invention ¢ and inventor j. There are several factors which determine the citation
lag including characteristics of the invention ¢, Z;, characteristics of the inventor j, Z;
and the joint characteristics of the invention-inventor match, Z;;. There will be a set of
non-geographical variables as well as geographical variables that will influence the speed at
which technology spillover occurs.

The hazard function of the citation lag is affected by a vector of explanatory variables X;;,
incorporating the empirically observable counterparts to Z;; and Z; and an unobservable
fixed effect, U;, which absorbs all the factors specific to the cited patent, Z;. Unobserved
heterogeneity U; includes patent quality among other things.

In this section, we regard the set of US patents as the frontier and aim to estimate the
distance to the frontier by regressing US (cited) patents on characteristics of citing patents
from non-US inventors. Since higher quality patents are likely to be cited more quickly,
it is crucial to control for unobserved patent quality, as emphasized by |Griffith, Lee, and
Van Reenen (2011).@ As a consequence, our estimates would be robust even if there had
been changing trends in the quality of US patents over time.

Specifically, Grifhith, Lee, and Van Reenen| (2011]) consider a multiple-spell version of the

mixed proportional hazards model. Their regression model can be written as

where 3 is a vector of unknown parameters, \;(-) is a cited-patent specific baseline hazard
function, A;(t) = fg Ai(u)du, €;; is ii.d. over i and j, independent of X;;, and ¢;; has the
cumulative distribution function F'(g;;) = 1 — exp[— exp(&:ij)]ﬂ Then an estimate of J can

22To this end, we only use “within-cited-patent” variations.
23Griffith, Lee, and Van Reenen| (2011) allow for not only the unobserved fixed effect U; but also the
cited-patent specific baseline hazard function A;(-).
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be obtained using a conditional likelihood approach, while accounting for right censoring.
The covariates of interest are inventor country dummies for citing patents. We interpret
their coefficients as the corresponding countries’ distance to the knowledge frontier. A

negative (positive) value means that the country is behind (ahead of) the frontier.

4.3. Regression Results. In our empirical analysis, we fix the “potentially cited” country
to be the US and consider only US patents. As discussed in the previous subsection, this
amounts to interpreting the US as the knowledge frontier. This simplifying assumption is
a reasonable first-order approximation in view of our findings in Section [3] We split the
sample period into 8 sub-periods of each lasting four years and estimate for each sub-period
the citation lag model with the first two citations (J = 2), as described in the previous
subsection.

Included covariates for citing patents are the self citation indicator (whether a citation
is from the identical assignee), the same sub-category dummy (whether a citation is from
the same sub-category), the base cohort size (which is the number of patents in the citing
country and technology sub-category for the citing year), the corporation dummy (whether
the citing first assignee is a corporation or not), category dummies (six industry level
dummies), and citing country dummies. Among these, the citing country dummies are
covariates of interest. Their estimated coefficients represent how fast the non-US inventors
cite US patents compared to US inventors, and hence, how close the non-US inventors are
to the technology frontier.

Table [4] shows the estimation results] For example, the first row of Table [4] displays
the coefficient estimates for Japan through the 8 sub-periods. The estimate for the first
sub-period in this row is -0.21 which means that inventors in Japan cited US patents about

21% slower than US inventors.

24We include China and India as part of the rest of the world for the first two periods to avoid imprecisely
estimated estimators due to the small sample sizes of such cohorts.
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TABLE 4. Main estimation results of the citation lag model

Period
1 2 3 4 5 6 7 8
Country (1980-  (1984-  (1988-  (1992- (1996- (2000-  (2004-  (2008-
1983) 1987) 1991) 1995) 1999) 2003) 2007) 2011)
Japan (JP) -0.21 -0.13 -0.12 -0.23 0.03 0.03 -0.11 -0.01
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.03) (0.06)
Germany (DE) -0.29 -0.25 -0.11 -0.24 -0.01 0 -0.12 -0.28
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.04) (0.1)
EU -0.26 -0.2 -0.2 -0.31 -0.05 -0.05 -0.22 -0.13
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.04) (0.1)
France (FR) -0.22 -0.08 0.01 -0.03 0.13 0.11 0.06 0.07
(0.02) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) (0.05)
Great Britain (GB) -0.41 -0.3 -0.26 -0.32 -0.03 -0.08 -0.15 -0.19
(0.03)  (0.03) (0.02) (0.02) (0.02) (0.02) (0.03) (0.09)
Taiwan (TW) -1.23 -1.04 -0.5 -0.35 0.09 -0.03 -0.11 -0.02
(0.11)  (0.09) (0.06) (0.04) (0.03) (0.03) (0.03) (0.07)
Korea (KR) -0.9 -0.67 -0.33 -0.22 0.13 0.19 0.06 0.09
(0.08)  (0.05) (0.04) (0.03) (0.02) (0.02) (0.03) (0.08)
Canada (CA) -0.48 -0.33 -0.69 -0.9 -0.5 -0.48 -0.52 -0.11
(0.06) (0.06) (0.16) (0.14) (0.11) (0.07) (0.06) (0.1)
Switzerland (CH) -0.44 -0.37 -0.37 -0.43 -0.1 -0.28 -0.4 -0.18
(0.03) (0.03) (0.06) (0.06) (0.05) (0.05) (0.09) (0.2)
Australia (AU) -0.22 -0.17 -0.34 -0.36 -0.08 -0.11 -0.35 -0.22
(0.04) (0.05) (0.03) (0.02) (0.02) (0.02) (0.03) (0.07)
Israel (IL) -0.7 -0.61 -0.12 -0.31 0.07 -0.08 -0.13 0.27
(0.09) (0.07) (0.05) (0.05) (0.05) (0.05) (0.07) (0.16)
China (CN) -0.37 -0.41 -0.24 -0.17 -0.44 -0.31
(0.06) (0.05) (0.04) (0.04) (0.05) (0.11)
India (IN) -0.79 -0.63 -0.28 -0.4 -0.44 -0.11

(0.21)  (0.17)  (0.11)  (0.08)  (0.09)  (0.12)

Former Soviet Union (FSU)  -0.13  -0.64  -0.34  -0.33  -0.09 -022  -0.38  -0.19
(0.12)  (0.14) (0.13) (0.11)  (0.1)  (0.09) (0.13)  (0.31)

Rest of the world (RW) 057  -0.51  -044  -054  -02  -015  -0.33  -0.22
(0.05)  (0.05)  (0.05) (0.04) (0.04) (0.03) (0.04)  (0.1)

Notes: The reported numbers are the estimated coefficient values for the country dummy estimated from the regression
results above.

1. In the parentheses are standard errors.

2. Our regression model controls for base cohort size (the number of patents in the citing country and technology
sub-category for the citing year), self citations (citations between patents with identical assignees) and within-sub-
category citations (citations between patents within the same category). Corporation dummies (whether or not the
first assignee is a corporation) and category dummies are also included.

3. We include CN and IN in RW for the first two periods to avoid diverging estimators due to the small sample sizes
of such cohorts.
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To assist exposition, Figure [3| displays the coefficients of each country dummy together
with the corresponding coefficients for the Japanese dummy. In terms of distance to the
frontier, Japan is one of the countries that has maintained its proximity to the US through-
out the sample period.

Let us summarize our main finding for this section below.

Fact 4. Most significant gains in narrowing of the distance to the knowledge frontier were

made by the emerging economies of Korea, Taiwan and Israel.

Korea, Taiwan and Israel all began the sample period with citation lag substantially
below that of Japan; for instance, during 1980-83, Taiwanese inventors cited US patents
about 120% slower than US inventors, which amounted to 100% lag relative to Japan. By
1996-1999, however, all three countries caught up with Japan, and in the case of Korea
and Israel, the deficits reversed during the 2000s. Although improved communication
technology may have led to general decline in citation lag (i.e. “death of distance” as
identified in |Griffith, Lee, and Van Reenen| (2011)), the asymmetric progress made by this
league of countries points to real closing of the distance to the knowledge frontier.

China does not feature in this league. Recall that China actually seemed to achieve rapid
progress when we simply considered the average time to first citation of US patent (Figure
. However, this observation did not survive a rigorous econometric analysis that used
multiple citations to estimate the hazard function. Although China closed her distance to
the frontier somewhat during the 1990s, the distance grew again in the last decade.

It is also interesting to observe that, in terms of citation speed, the advanced economies
of Japan and Europe (as well as Canada, Australia and FSU) actually maintained their
relatively close position to the US frontier throughout the sample periods. Japan, in par-
ticular, have been more or less on level terms with the US for the last three decades, ahead
of all the other countries. Canadian inventors are slower than Japanese inventors despite

its geographic proximity to the US.
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FIGURE 3. Graphical representation of estimation results in Table [4]
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FIGURE 3. Graphical representation of estimation results in Table {4| (continued)
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Notes: Each graph plots the coefficient values for the country dummy. Japan is
included in every graph as a benchmark.

Our findings are related to the literature on “absorptive capacity”. (Grifhith, Redding, and
Van Reenen (2003, 2004) found evidence that R&D is statistically and economically impor-

tant in enhancing technology transfer as well as stimulating innovation directly. |Mancusi
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(2008) investigated the issue of international knowledge spillovers and absorptive capac-
ity. Using EPO patent applications and their citations from 1978 to 2003, Mancusi (2008)
concluded that absorptive capacity increases the elasticity of a catching-up country’s in-
novation to international spillovers, but not that of an advanced country. Our estimation
results are consistent with this perspective. In particular, unlike Korea, Taiwan and Israel,
other emerging countries such as China might not have accumulated a sufficient level of
absorptive capacity to benefit from international knowledge spillovers.

One might suspect that our results might be driven by a small number of industry
sectors since the economies of Korea and Taiwan, in particular, are highly concentrated
(e.g. electronics and computers). In order to address this issue, we also conduct the
citation lag model regression sector-wise and report its results in Appendix |C| (Tables
to. The magnitudes of the coefficients of interest turn out to differ across industries; for
instance, the coefficients for Taiwan and Korea in the first sub-period are —1.12 and —0.48,
respectively, for the chemical sector, while the corresponding numbers for the computers
and communication sector are —2.65 and —2.2, respectively. However, in terms of the
trends, these sector-wise regression results are qualitatively similar to those of Table [4. In

particular, we observe rapid upward trends for Korea, Taiwan and Israel in all six sectors.

5. CONCLUSION

In this paper, we have analyzed cross-country trends in technological progress over the
period of 1980-2011 by considering an updated USPTO citations dataset. Our estimation
results reveal several noteworthy stylized facts. As widely expected, the emerging Asian
economies of Korea, Taiwan and China have indeed achieved rapid inroads towards the
technology frontier. In the case of Korea and Taiwan, progress has been made in terms
of patent quality as well as distance to the frontier. Chinese patents are on average of
substantially higher quality now than before but Chinese inventors have yet to reduce the

citation lag relative to the frontier. In contrast, advanced economies of Europe and Japan
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have been in steady decline in their patent quality. Perhaps most interestingly, the US has
maintained, and in some cases reinforced, its position as the world technology frontier.

Our results pose a number of intriguing questions for the years ahead. On the one hand,
the emerging Asian countries would overtake the traditional knowledge powerhouses of
Europe and Japan if they could sustain the recent levels of faster technological progress.
On the other hand, it will be interesting to see whether these emerging countries will close
the gap further against the US. Although Korea and Taiwan managed to elevate the quality
of their patents to the US level in the 1990s, US actually pushed ahead in the 2000s. The
Korean and Taiwanese experience was repeated by China in the 2000s. Would the US
demonstrate another bout of technological resilience in the current decade against China?
Last but least, we also wait to see if other countries newly spring to join the growth path
of the aforementioned Asian economies in innovation.

In this study, we focused on patent citations data from the USPTO. While this may have
caused some bias in favor of US patents, the trends of all other countries were measured
relative to those of the US. Nonetheless, it will be worthwhile also to study the correspond-
ing trends using data from other major patent offices, especially, from the EU. Perhaps the
more important future research set out by the current study would be to investigate the
sources of technological progress that can help explain the reported cross-country varia-
tions. Meaningful insights could be obtained by linking the patent citations data with data
on potentially important contributors of knowledge growth, such as R&D expenditures as

well as levels and quality of higher education.
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APPENDIX A. DATA

We extended the NBER data file, PAT63_99, to include 12 additional years up to Decem-
ber 31, 2011@ Our data file is named PAT63_11, and it mainly builds on Brownyn Hall’s
data file, PAT63_02. While the NBER Patent Data Project provides a dataset that includes
patents granted up to 2006 (PAT76.06), this does not contain the inventor location of each
patent Y| Our data file is constructed from Google’s USPTO Bulk Download service that
makes publicly available in XML format bibliographic data of all patents granted since
1976 to presentf’] We used Python to parse the XML files and extracted the necessary
data for our analysis. Tag names for pre-2006 patents that are in codes were deciphered
for accurate extraction using USPTO’s codebook.

We extracted the following information for each patent: patent number, grant date, three-
digit main classification, assignee, assignee code, inventor country, and patents that the
given patent cited. SeeHall, Jaffe, and Trajtenberg (2001)) for details of each variable. Using
such raw data, we constructed “subcat” variables, following Hall, Jaffe, and Trajtenberg
(2001). The three-digit classification code was matched with each subcat code as provided
in the NBER webpage. There were also some new classification codes in the recent years
that do not have corresponding subcat codes. For these, we used the match applied in
PAT76_06 when possible, and for those that had no matches we just left the subcat variable
as missing. The number of patents with missing subcat, which appear only after 2000, does
not exceed 80 for each year.

The patent counts did not match with the USPTO statistics for China and Hong Kong.
This was mainly due to inconsistent reports of the patent claimers. For example, while the
USPTO maintains separate accounts for China and Hong Kong, some Hong Kong inventors

reported their country as China. We identified the same problem in PAT63_02 for patents

25The last grant date in the dataset is December 27, 2011 since USPTO grants patents on a weekly basis.
263ee https://sites.google.com/site/patentdataproject/.
2See https://www.google.com/googlebooks/uspto. html.


https://sites.google.com/site/patentdataproject/
https://www.google.com/googlebooks/uspto.html

30

INTERNATIONAL TRENDS IN TECHNOLOGICAL PROGRESS

granted later than 2000. Also, there were some inventors from Taiwan and Singapore who

reported their location as China. In order to rectify this problem, we extracted an extra

variable, inventor city, and manually cleaned up the discrepancies.

After this clean-up

process, the patent counts by country and grant year became consistent with the USPTO

statistics.

APPENDIX B. HIRSCH INDEX FOR PATENT CITATIONS

Table reports the H-index of each country for the 8 sub-periods within 1980-2011.

The US strictly dominates all other countries in all periods; the growing trends of the

developing countries such as China, India, Korea and Taiwan are also evident.

TABLE B.1. Hirsch Index

Period

1 2 3 4 5 6 7 8

Country (1980- (1984 (1988 (1992- (1996-  (2000-  (2004-  (2008-
1983) 1987) 1991) 1995) 1999)  2003)  2007) 2011)

United States (US) 193 233 277 317 336 268 150 o6
Japan (JP) 99 117 137 148 168 126 72 26
Germany (DE) 76 88 95 106 99 88 54 20
EU 73 88 90 102 118 103 60 22
France (FR) 70 74 89 95 95 79 44 18
Great Britain (GB) 70 81 101 103 108 94 60 19
Taiwan (TW) 12 21 35 63 75 78 51 21
Korea (KR) 19 33 47 64 76 7 92 15
Canada (CA) 62 7 87 108 111 96 92 19
Switzerland (CH) 58 58 62 71 67 51 33 11
Australia (AU) 36 42 49 65 60 69 38 24
Israel (IL) 34 39 53 73 87 89 51 20
China (CN) 5 11 27 20 21 24 26 14
India (IN) 8 10 11 19 22 27 25 10
Former Soviet Union (FSU) 30 32 28 33 39 33 20 7
Rest of the world (RW) 45 51 53 64 81 70 44 15

Notes: The sample period is divided into 8 equal-length sub-periods and we consider each country

of each sub-period as an “author” to calculate the H-index for each “author.” An author with a

total of n papers has H-index h if he has more than h papers that have been cited at least h times

and the other n — h papers have been cited at most A times.
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We run Poisson regression and negative binomial regression with the H-indices as the
dependent variable to examine the trends observed in Table [B.I We use the following

model specification:
chst = exp (CYO + Z?ﬁlaisi + 2223151151 + 77/1Xcst,80 + néXcst,QO + 77{,J,Xcst,00> + Ecsty

where the variables on the right-hand side are defined as in @

Here, the dependent variable, Y.y, is the H-index for a given country ¢, sector s and
year t. For example, if yjp 111930 = h, this means that considering the patents granted in
1980 for subsection category 11 by Japanese inventors as patents of one big inventor, her
H-index is h. Since this dependent variable is count data, we apply Poisson regression and
negative binomial regression to estimate the coefficients. The standard errors are again
clustered by country and sub-category.

The results are shown in Table[B.2] These results are broadly consistent with our findings
on citation frequency and average citations. The main regression results remain unaffected

if we control for aggregate sectors instead of using sub-category sectors. See Table [B.3]

28As in (3.1)), there are 36 sub-category dummies and 29 year dummies.
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TABLE B.2. Regression Results for Hirsch Index

Method:
Poisson regression Negative binomial regression
(1) (2) (3) (4) (5) (6)

Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009

Japan (JP) LR s Vs A (% SN 610N RN o'V ol €5 VA
(.040) (.054) (.078) (.040) (.057) (.082)

Germany (DE) —952HHK ] 214%HK  _].234%KK 947K ] 198K ] 214
(.050) (.052) (.059) (.048) (.052) (.063)

EU —1.158%F** 1. 321FF*  —1.256%FF  _1.158%FF  _1.319%FF  _1.246%F*
(.049) (.048) (.063) (.046) (.046) (.065)

France (FR) —1.304%F%  —1.488*** 1 591Kk ] 308%HF  _1.478*** 1. 573HH*
(.043) (.041) (.062) (.042) (.041) (.067)

Great Britain (GB) —1.210%**  —1.433%FF* 1 402%F*  _1.215%FF  _1.431%FF  _1.389%H*
(.045) (.047) (.066) (.043) (.048) (.070)

Taiwan (TW) —2.506%FF  —1.827*** 1. 528FFK 2 HIQFFK  _1.820%**  -1.505%**
(.108) (.091) (.105) (.105) (.090) (.104)

Korea (KR) =3.16T*** 2,047 FF* 1 BEEFF _3.186%HF  -2.054%**  _1.538%**
(.071) (.097) (.101) (.071) (.095) (.103)

Canada (CA) —1.479%*¥*  _1.468***  —1.352%FFF  _1.486%FF  _1.465%**F  _1.341%**
(.064) (.052) (.070) (.061) (.050) (.071)

Switzerland (CH) —LETTH*E 1.973FK* _2.023%FFF  _1.676FFF  -1.960%**  -2.004***
(.074) (.070) (.067) (.072) (.069) (.070)

Australia (AU) —2.259%*% 2 305% KK _1.970%FK  _2.269%HFF  _2.303***  _1.945%**
(.087) (.072) (.097) (.083) (.071) (.104)

Israel (IL) —2.525%*K 9 QTgIKK ] RJTFHFK 2. 545K 2 294%** ] 831X
(.067) (.076) (.108) (.065) (.074) (.109)

China (CN) —3.530***  —3.633*%** 26091 -3.546%HF  -3.631***  -2.575%**
(.075) (.084) (.102) (.072) (.080) (.104)

India (IN) —3.675%FFF  _ZGTIHHF 2.855%FF  _3.694%FF  _3.665***  -2.823%**
(.082) (.126) (.122) (.083) (.124) (.125)

Former Soviet Union (FSU) —2.722%%* 3 116%4* —2.828*** 2. 731*** 31110 _2.804***
(.078) (.068) (.077) (.076) (.067) (.080)

Rest of the world (RW) —1.986%**  —2.075%**  _1.752%FKk 1,992k 2. 069***  _1.731%H*
(.070) (.051) (.070) (.066) (.051) (.074)

Notes: Columns (1)-(3) show estimated coefficient values for the three DiD regressors from Poisson regression, and
columns (4)-(6) contain corresponding estimates from negative binomial regression.

* p<0.05, ** p<0.01, *** p<0.001

1. In the parentheses are standard errors.

2. Grant year dummies and sub-category dummies are also included as regressors.

3. We use standard errors clustered by country and sub-category. The main results are not sensitive to the choice of
standard errors.

4. For robustness we conduct both Poisson regression and negative binomial regression, which are standard methods
in count data analysis.
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TABLE B.3. Regression Results for Hirsch Index (with category dummies)

Method:
Poisson regression Negative binomial regression
(1) (2) (3) (4) (5) (6)

Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009

Japan (JP) —BOG*** T 7O L 603FFF -.669FFF - T49FHH
(.068) (.083) (.095) (.069) (.084) (.095)

Germany (DE) —.9BFHK ] UK T 234K _ 936F K _1.186*FF -1.194%F*
(.077) (.085) (.087) (.074) (.082) (.086)

EU —1.1B8¥**  _1.321%**  _1.256%**  -1.144%FFF  _1.305%FF  _1.224%%*
(.078) (.087) (.096) (.077) (.085) (.094)

France (FR) —1.304%F%  —1.488%**  —1.591%**  _1.296%**  _1.467*F**  -1.557F**
(.075) (.080) (.087) (.073) (.077) (.086)

Great Britain (GB) —1.210%%%  —1.433%**  —1.402%*F  _1.201%FF  -1.420%F*  -1.372%**
(.078) (.085) (.093) (.077) (.083) (.092)

Taiwan (TW) —2.452%FK 1 8o4¥*K ] [2BHHE D 45K ] 8OTKHKK  -1.4TTH*H
(.119) (.115) (.122) (.119) (.113) (.120)

Korea (KR) 3.113FFF - 2,043FFF 1. 556FFF 3. 119%KK  _2.04THKK ] H1THR*
(.090) (.119) (.119) (.088) (.117) (.119)

Canada (CA) S1ATTRHRE 1 468%FF —1.352%FF 14621 _1.447FKF 1. 324%K*
(.095) (.091) (.096) (.092) (.088) (.094)

Switzerland (CH) —1.675%**  —1.971***  2.019%**  -1.657FFF  -1.940%FF  _1.9T73HH*
(.095) (.097) (.099) (.093) (.095) (.098)

Australia (AU) —2.248FFK 2 298%*K ] QETHNH 2,233k 2 o7THRKK 1 912%**
(.113) (.107) (.119) (.112) (.107) (.120)

Israel (IL) —2.506%** 2. 271***  _1.825%** 2. 508%FF 2273k _1.808%F*
(.107) (.118) (.135) (.107) (.115) (.133)

China (CN) —3.431**¥* 3 B56%** 2. 591¥¥*  _3.432%FF 3 536%HF*F  -2.510%F*
(.108) (.118) (.123) (.108) (.119) (.127)

India (IN) —3.585%** 3. 591*** 2. 821***  _3.583MHK  _3.568%HK 2. TH4HK
(.082) (.137) (.136) (.077) (.134) (.138)

Former Soviet Union (FSU) —2.700*** —3.083*** —2.798*** .2.688*** -3.064*** -2.744***
(.106) (.101) (.107) (.104) (.101) (.108)

Rest of the world (RW) —1.O987***  _2.074***  —1.752%¥*  _1.9T0FFF 2,050 -1.703%F*
(.099) (.090) (.100) (.095) (.088) (.099)

* p<0.05, ** p<0.01, *** p<0.001
1. The specifications are same with Table @ except that here we include category dummies instead of

sub-category dummies.
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APPENDIX C. ROBUSTNESS CHECK
TABLE C.1. Regression Results (citation frequency and average citation,
with category dummies)
Dependent variable:
Citation Frequency Average Citation
(1) (2) (3) (4) (5) (6)
Country 1980-1989 1990-1999 2000-2009 1980-1989 1990-1999 2000-2009
Japan (JP) .055%** —-.003 -.036%* 129%* —.068 —.179%**
(.016) (.019) (.014) (.045) (.064) (.048)
Germany (DE) —.032% —.088%**  — 104*** —.072% —.263%FF  _ 312%**
(.015) (.017) (.013) (.035) (.054) (.041)
EU —.053%HKk  — 93FKK 094 HK  _ 11RFFK 64K QToHHK
(.014) (.018) (.014) (.032) (.057) (.037)
France (FR) —053%HFF  —104%Kx 11T 124Kk 996K B4k
(.014) (.017) (.014) (.035) (.055) (.041)
Great Britain (GB) -.030 —Q7H¥** — 068*** -.069 —224%%K D 4HH*
(.016) (.017) (.014) (.038) (.056) (.040)
Taiwan (TW) —.055%** .019 -.032 —.123%%* .106 -.120
(.013) (.031) (.020) (.033) (.145) (.064)
Korea (KR) —.089*** —.038 —05TF** 244 ¥** -.139 —.218%**
(.024) (.027) (.013) (.041) (.101) (.045)
Canada (CA) —.040%* —.045%* -.037* —.091%* —.143* —.129%*
(.013) (.017) (.014) (.030) (.063) (.039)
Switzerland (CH) —-.036%* —.094%%%  — 108%** -.071 —.268%F*  _ 3opkkk
(.015) (.017) (.013) (.037) (.050) (.038)
Australia (AU) —076%** . 091*** 057 _156**F*  —260%** . 149**
(.018) (.024) (.017) (.035) (.064) (.046)
Israel (IL) —.036 —.050 —.031 —.065 -111 -.102*
(.020) (.026) (.019) (.043) (.093) (.050)
China (CN) —.129%* —.116%** —.011 -.217* —.361%H* —.085
(.040) (.024) (.032) (.086) (.062) (.077)
India (IN) —132%FF 1Bk 09*** —.212%* = 3TTRRR 304K *
(.032) (.034) (.024) (.067) (.087) (.039)
Former Soviet Union (FSU)  —.143%%%  —155%¥%F  —085%¥F*  _266%***  —365%**  — 250%**
(.020) (.023) (.019) (.041) (.067) (.047)
Rest of the world (RW) = 105%FF  —101%F*F  —066%** - 193%*F  — 252%F* —.187**
(.014) (.019) (.018) (.031) (.061) (.058)

* p<0.05, ** p<0.01, *** p<0.001
1. The specifications are the same as for Table|2| except that here we include category dummies instead of
sub-category dummies.
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TABLE C.2. Regression Results (citation frequency and average citation,
with 5-year windows)

Dependent variable:

Citation Frequency Average Citation
(1) (2) (3) (4) (5) (6)
Country 1980-1989 1990-1999 2000-2006 1980-1989 1990-1999 2000-2006
Japan (JP) .042%%* —.022¥FFF  — 050%** .243 —.992¥FK ] 445%H*
(.009) (.007) (.009) (.153) (.220) (.221)
Germany (DE) —.033%FF  —QT9REEx  _ 118%** —.326%  —1.498%#*k ] THRk
(.010) (.006) (.010) (.128) (172) (.189)
EU —065¥¥* Q2% **  _1Q¥FK _ATR¥IK ] ATTRRR ] 545K
(.010) (.007) (.014) (.127) (.185) (.166)
France (FR) COBGHEEK _QQ3FRE 90kkx  _ pg(kk ] GOFREE ] g5k
(.009) (.009) (.010) (.149) (.187) (.186)
Great Britain (GB) —.028* —.064%***  — 069*** —.270 —1.213%**  —1.103***
(.012) (.007) (.011) (.152) (.174) (.158)
Taiwan (TW) —.089***  —041***  —068***  —.5E9*F*F —.769* —1.419%**
(.012) (.012) (.016) (.161) (.361) (.245)
Korea (KR) —.005¥¥*  _ O83F**  _ ORI*F* _QTQ¥FF 1. 7TFRE 1 719K
(.027) (.012) (.010) (.183) (.300) (.216)
Canada (CA) —040%F*  —026%** —.024%* —.364** —705%F 631 *Hk
(.012) (.008) (.011) (.133) (.229) (.168)
Switzerland (CH) —039%**  —O80*** . 114%** —.259 —1.378%**  _1.699%**
(.012) (.010) (.010) (.142) (.178) (.139)
Australia (AU) —085***  —68***  —069***  —GLTHFF* _1.253FKK  _ gTOFH*
(.012) (.010) (.014) (.130) (.181) (.200)
Israel (IL) -.022 —.0347%%* -.014 —.258 —.526 —-.200
(.018) (.010) (.015) (.189) (.285) (.236)
China (CN) —.128%* —126%*** —.062 —.844%*  2.04TF¥*  — 9gOFH*
(.043) (.021) (.032) (.283) (.239) (.238)
India (IN) —165%**  —119%**  _150***F _7O3¥H* 143 TFRK ] 5367
(.036) (.029) (.028) (.207) (.340) (.151)
Former Soviet Union (FSU) —.208***  —146%**  —126*** —1.152%*%* -1.900*%** —1.610%**
(.015) (.017) (.018) (.172) (.200) (.161)
Rest of the world (RW) —131**x —109%**  —091*** _7HO¥HX 1 351K 1.2467%FF
(.011) (.008) (.015) (.125) (.207) (.174)

* p<0.05, ** p<0.01, *** p<0.001

1. The specifications are the same as for Table @ except that here we use 5-year windows instead of 2-year
windows for forward citations. Note that the last sub-period includes patents granted up to only 2006 to
reflect this.
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TABLE C.3. Estimation results of the citation lag model for chemical sector

Period
1 2 3 4 5 6 7 8
Country (1980-  (1984-  (1988-  (1992- (1996- (2000- (2004-  (2008-
1983)  1987)  1991)  1995)  1999)  2003)  2007)  2011)
Japan (JP) -0.15 -0.11 -0.14 -0.02 0.27 0.31 -0.04 0.46
(0.05) (0.05) (0.05) (0.05) (0.05) (0.06) (0.09) (0.26)
Germany (DE) -0.32 -0.32 -0.12 -0.12 0.17 0.35 -0.02 -0.30
0.07)  (0.07) (0.07) (0.07) (0.07) (0.08) (0.15)  (0.44)
EU -0.16 -0.21 -0.16 -0.21 0.12 0.15 -0.35 0.52
(0.07)  (0.07) (0.07) (0.07) (0.07) (0.08) (0.35) (0.37)
France (FR) -0.12 -0.11 0.06 0.12 0.3 0.33 0.21 0.14
(0.04)  (0.04) (0.04) (0.03) (0.04) (0.04) (0.07) (0.23)
Great Britain (GB) -0.34 -0.45 -0.34 -0.15 0.18 0.11 -0.15 0.72
(0.06) (0.06) (0.06) (0.05) (0.06) (0.06) (0.11) (0.42)
Taiwan (TW) -1.12 -1.26 -0.64 -0.19 0.16 0.18 -0.13 0.1
(0.29)  (0.23) (0.16) (0.11)  (0.09)  (0.08) (0.12)  (0.31)
Korea (KR) -0.48 -0.92 -0.29 -0.17 0.39 0.5 0.38 0.15
(0.23)  (0.23) (0.14) (0.11) (0.09) (0.08) (0.13) (0.30)
Canada (CA) 026 04 -054 -020 008 -025 046  -1.02
(0.16) (0.17)  (0.3) (0.23) (0.21) (0.27)  (0.24)  (0.72)
Switzerland (CH) -0.47 -0.41 -0.11 -0.42 -0.22 -0.08 -0.14 -0.84
(0.08)  (0.07) (0.2) (0.16) (0.16) (0.18) (0.25)  (0.72)
Australia (AU) -0.1 -0.31 -0.28 -0.19 0.12 0.13 -0.61 0.08
(0.09) (0.11)  (0.07)  (0.06) (0.07) (0.08) (0.13)  (0.33)
Israel (IL) 039 061 00l -0.06 024 033 017 -0.24
(0.21)  (0.2) (0.11) (0.11) (0.11) (0.13) (0.21)  (0.52)
China (CN) -0.48 -0.46 -0.11 0.38 -0.77 0.93
(0.17) (0.17) (0.17) (0.17) (0.27) (0.62)
India (IN) -0.69 -0.44 0.17 -0.11 -0.71
(0.31)  (0.25) (0.2) (0.2)  (0.37)
Former Soviet Union (FSU) -0.24 -1.28 -0.43 0 0.29 -0.13 0.14
(0.25)  (0.33)  (0.26) (0.22) (0.25) (0.24)  (0.39)
Rest of the world (RW) -0.51 -0.49 -0.32 -0.5 -0.09 0.14 -0.32 0.00

(0.1) (0.11) (0.12)  (0.1)  (0.1) (0.11)  (0.17)  (0.45)

Notes: The specifications are the same as for Table @ except that here only chemical sector patents are considered
among the cited patents. We include CN and IN in RW for the first two sub-periods to avoid diverging estimators
due to their small sample sizes. For the same reason, IN and FSU are included in RW for the last sub-period.
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TABLE C.4. Estimation results of the citation lag model for computers and
communications sector

Period
1 2 3 4 5 6 7 8
Country (1980-  (1984- (1988 (1992 (1996~  (2000- (2004~  (2008-
1983)  1987)  1991)  1995)  1999)  2003)  2007)  2011)
Japan (JP) -0.34 -0.55 -0.83 -0.95 -0.4 -0.54 -0.4 -0.27
(0.1)  (0.08) (0.08) (0.07) (0.05) (0.04) (0.05) (0.11)
Germany (DE) -0.76 -0.94 -0.79 -0.92 -0.32 -0.63 -0.46 -0.29
(0.11)  (0.09)  (0.09) (0.08) (0.06) (0.06) (0.06) (0.13)
EU -0.69 -0.82 -0.86 -0.89 -0.53 -0.62 -0.66 -0.32
(0.11)  (0.09)  (0.09) (0.08) (0.06) (0.05) (0.05) (0.13)
France (FR) -0.5 -0.35 -0.28 -0.36 -0.13 -0.3 -0.19 -0.06
(0.05)  (0.04) (0.04) (0.03) (0.02) (0.02) (0.03) (0.07)
Great Britain (GB) -0.93 -0.83 -1 -1.16 -0.41 -0.59 -0.48 -0.44
0.12)  (0.1) (0.09) (0.07) (0.05) (0.04) (0.05) (0.14)
Taiwan (TW) -2.65 -1.96 -1.29 -1 -0.24 -0.5 -0.4 -0.18
(0.63) (0.33) (0.16) (0.09) (0.05) (0.04) (0.05)  (0.1)
Korea (KR) -2.2 -1.41 -1.16 -0.98 -0.2 -0.3 -0.24 -0.28
(0.39)  (0.26) (0.16) (0.11) (0.07) (0.05) (0.05) (0.11)
Canada (CA) -0.85 -1.27 -2.76 -0.93 -0.79 -1.06 -0.95 -0.23
(0.29)  (0.28) (0.96) (0.52) (0.32) (0.16)  (0.09)  (0.15)
Switzerland (CH) -0.49 -0.77 -1.03 -0.93 -0.37 -0.72 -0.78 -0.51
(0.14)  (0.11)  (0.27) (0.22) (0.13)  (0.1)  (0.1)  (0.21)
Australia (AU) -0.58 -0.25 -1.12 -0.99 -0.42 -0.61 -0.61 -0.45
(021)  (0.22)  (0.1) (0.08) (0.05) (0.04) (0.05)  (0.1)
Israel (IL) -1.11 -1.3 -0.85 -1.11 -0.41 -0.79 -0.38 0.08
(0.32)  (0.25) (0.19) (0.18) (0.15) (0.11) (0.13)  (0.27)
China (CN) -1.55 -0.9 -0.61 -0.75 -0.69 -0.62
(0.17)  (0.12)  (0.07) (0.06) (0.07)  (0.14)
India (IN) -1.42 0 -0.67 -0.86 -0.72 -0.17
(0.82) (0.45) (0.25)  (0.11) (0.1)  (0.14)
Former Soviet Union (FSU) 0.94 -1.98 -1.61 -1.53 -0.69 -1.16 -0.8 0.22
(0.62)  (0.64) (0.61) (0.34) (0.25) (0.23) (0.19)  (0.29)
Rest of the world (RW) -1.29 -1.23 -1.15 -0.88 -0.61 -0.62 -0.79 -0.59

(0.24)  (0.22) (0.21) (0.15)  (0.09) (0.07) (0.08)  (0.16)

Notes: The specifications are the same as for Table@ except that only computers and communications sector patents
are considered among the cited patents. We include CN and IN in RW for the first two sub-periods to avoid diverging
estimators due to their small sample sizes.
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TABLE C.5. Estimation results of the citation lag model for drugs and med-
ical sector
Period

1 2 3 4 5 6 7 8
Country (1980-  (1984- (1988- (1992~ (1996~ (2000~  (2004-  (2008-
1983)  1987)  1991)  1995)  1999)  2003)  2007)  2011)
Japan (JP) -0.4 -0.46 -0.35 -0.74 0.4 0.22 -0.16 0.18
(0.1)  (0.09) (0.07) (0.07) (0.06) (0.06) (0.13) (0.24)
Germany (DE) -0.59 -0.62 -0.56 -0.73 0.35 0.17 -0.24 -0.18
(0.13)  (0.11)  (0.1) (0.09) (0.08) (0.08) (0.16)  (0.36)
EU -0.66 -0.66 -0.41 -0.63 0.33 0.28 -0.19 -0.37
(0.12)  (0.11)  (0.09)  (0.09) (0.07) (0.08) (0.17)  (0.35)
France (FR) -0.45 -0.38 -0.28 -0.42 0.43 0.38 -0.08 -0.09
(0.08)  (0.07) (0.06) (0.07) (0.05) (0.05) (0.12) (0.32)
Great Britain (GB) -0.67 -0.74 -0.41 -0.75 0.26 0.1 -0.4 -0.64
(0.1)  (0.09) (0.08) (0.07) (0.05) (0.06) (0.12) (0.31)
Taiwan (TW) -2.53 -1.52 -0.57 -0.87 0.49 0 -0.21 -0.38
(1.31)  (0.55)  (0.33) (0.22) (0.14) (0.12) (0.28)  (0.64)
Korea (KR) -1.45 -0.65 -0.09 -0.6 0.19 0.29 -0.32 -0.94
(0.49)  (0.38)  (0.23) (0.18) (0.12) (0.12) (0.26)  (0.64)
Canada (CA) -0.93 -0.26 -0.8 -1.34 -0.19 -0.43 -1.18 0.26
(0.26)  (0.2) (0.44) (0.47) (0.24) (0.22) (0.59)  (0.61)
Switzerland (CH) -0.79 -0.81 -0.57 -0.86 0.25 0.09 -0.4 0.27
(0.15)  (0.13)  (0.17)  (0.15) (0.11)  (0.12) (0.33)  (0.52)
Australia (AU) -0.36 -0.29 -0.73 -0.9 0.18 0.09 -0.51 0.43
(0.17)  (0.16)  (0.1)  (0.09) (0.07) (0.07) (0.15)  (0.36)
Israel (IL) -0.66 -0.85 -0.73 -0.84 0.54 0.24 -0.47 0.21
(0.24)  (0.21)  (0.15) (0.14) (0.11) (0.13)  (0.2)  (0.33)
China (CN) -0.38 -0.88 -0.11 -0.05 -0.67 -0.14
(0.16)  (0.13)  (0.09)  (0.11)  (0.19)  (0.31)
India (IN) -0.4 -1.28 0.28 0.43 -0.53 -0.63
(0.46) (0.32) (0.19)  (0.2) (0.54)  (1.5)
Former Soviet Union (FSU) -0.72 -0.52 -1.02 -0.43 -0.09 0.19 -0.57 -3.23
(0.41)  (0.3)  (0.38) (0.33) (0.21) (0.23) (0.61)  (1.43)
Rest of the world (RW) -0.8 -1.08 -0.6 -0.96 0.05 0.11 -0.64 -0.1
(0.18)  (0.18)  (0.14) (0.13) (0.11)  (0.11) (0.21)  (0.34)

Notes: The specifications are the same as for Table@except that only drugs and medical sector patents are considered
among the cited patents. We include CN and IN in RW for the first two sub-periods to avoid diverging estimators
due to their small sample sizes.
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TABLE C.6. Estimation results of the citation lag model for electrical and
electronics sector

Period
1 2 3 4 5 6 7 8
Country (1980-  (1984- (1988 (1992 (1996~  (2000- (2004~  (2008-
1983)  1987)  1991)  1095)  1999)  2003)  2007)  2011)
Japan (JP) -0.42 -0.2 -0.25 -0.28 -0.24 0.01 -0.01 0.03
(0.05)  (0.05) (0.05) (0.05) (0.04) (0.04) (0.06) (0.12)
Germany (DE) -0.41 -0.35 -0.19 -0.2 -0.25 0.01 0.09 -0.3
(0.07)  (0.06) (0.06) (0.07) (0.07) (0.06) (0.1) (0.2)
EU -0.49 -0.28 -0.28 -0.4 -0.21 0 -0.02 -0.32
(0.07)  (0.07) (0.07) (0.07) (0.07)  (0.06) (0.1)  (0.34)
France (FR) -0.33 -0.11 -0.07 -0.08 0.05 0.11 0.11 0.09
(0.04)  (0.03) (0.03) (0.03) (0.03) (0.02) (0.03)  (0.09)
Great Britain (GB) -0.64 -0.4 -0.4 -0.31 -0.33 -0.13 -0.19 -0.06
(0.07)  (0.06) (0.06) (0.06) (0.05) (0.05) (0.06) (0.15)
Taiwan (TW) -1.71 -1.07  -047  -0.33 -0.04  -0.02 0 0.07
(0.22)  (0.16) (0.1) (0.07) (0.05) (0.04) (0.05) (0.12)
Korea (KR) -1.22 -0.87 -0.52 -0.29 -0.02 0.19 0.11 0.24
(0.17)  (0.13) (0.09) (0.06) (0.04) (0.03) (0.05) (0.12)
Canada (CA) -0.41 -0.71 -0.91 -1.32 -0.77 -0.44 -0.37 -0.05
(0.18)  (0.18) (0.41) (0.35) (0.28) (0.13)  (0.1)  (0.15)
Switzerland (CH) -0.63 -0.44 -0.71 -0.57 -0.33 -0.49 0.07 0.4
(0.09) (0.08) (0.19) (0.21) (0.19) (0.15)  (0.25) (0.9)
Australia (AU) -0.35 -0.42 -0.45 -0.5 -0.34  -0.07  -0.21 -0.23
(0.11)  (0.11)  (0.07) (0.07) (0.06) (0.06) (0.09) (0.19)
Israel (IL) -1.3 -1.03 -0.38 -0.39 -0.13 -0.24 0.13 0.22
027)  (0.17)  (0.12) (0.12) (0.15) (0.11)  (0.14)  (0.28)
China (CN) -0.55 -0.58 -0.32 -0.28 -0.14 0.28
(0.13)  (0.13)  (0.11)  (0.1) (0.12)  (0.34)
India (IN) -1.7 -0.79 -1.25 -0.66 -0.24 -0.65

(0.66)  (0.47) (0.31) (0.15) (0.16)  (0.3)

Former Soviet Union (FSU) ~ -021  -0.53  -005 -0.11  -0.26  -0.06  -0.16  -1.89
(0.28)  (0.36) (0.31)  (0.3)  (0.2) (0.18) (0.28)  (1.29)

Rest of the world (RW) 08  -08 -074 -061 -036 -012  -03 0.3
(0.15)  (0.13)  (0.13)  (0.11)  (0.08)  (0.06) (0.09)  (0.19)

Notes: The specifications are the same as forh Table [4] except that only electrical and electronics sector patents are
considered among the cited patents. We include CN and IN in RW for the first two sub-periods to avoid diverging
estimators due to their small sample sizes.
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TABLE C.7. Estimation results of the citation lag model for mechanical sector
Period
1 2 3 4 5 6 7 8
Country (1980-  (1984-  (1988- (1992~ (1996- (2000-  (2004-  (2008-
1983) 1987) 1991) 1995) 1999) 2003) 2007) 2011)
Japan (JP) -0.31 -0.15 -0.06 -0.18 0.04 0.18 -0.05 0.03
(0.04)  (0.04) (0.04) (0.04) (0.04) (0.04) (0.09) (0.15)
Germany (DE) -0.39 -0.24 0.03 -0.21 -0.01 0.16 -0.14 -0.27
(0.07)  (0.06) (0.07) (0.07) (0.07) (0.08) (0.13)  (0.44)
EU -0.27 -0.14 -0.08 -0.29 -0.04 0.09 -0.09 0.21
(0.06)  (0.06) (0.07) (0.07) (0.07) (0.08) (0.12)  (0.28)
France (FR) -0.28 -0.1 0.07 0 0.1 0.23 0.19 0.13
(0.04)  (0.03) (0.03) (0.03) (0.03) (0.03) (0.06) (0.12)
Great Britain (GB) -0.46 -0.24 -0.17 -0.27 -0.03 0.06 0.07 -0.42
(0.06)  (0.05) (0.06) (0.05) (0.05) (0.05) (0.09) (0.24)
Taiwan (TW) -1.19 -0.81 -0.59 -0.39 0.07 0.23 0.15 0.16
(0.23)  (0.2) (0.15)  (0.1) (0.08) (0.09)  (0.1) (0.23)
Korea (KR) -1.12 -0.63 -0.39 -0.17 0.09 0.23 0.23 -0.09
(0.14)  (0.1)  (0.09) (0.07) (0.06) (0.05)  (0.09) (0.18)
Canada (CA) -0.52 -0.45 -1.52 -1 -1.07 -0.38 -0.21 -0.43
(0.13)  (0.13)  (0.47) (0.37) (0.35) (0.19) (0.21)  (0.32)
Switzerland (CH) -0.5 -0.4 -0.46 -0.38 -0.07 -0.22 -0.38 -0.52
(0.07)  (0.06) (0.13) (0.13) (0.13) (0.12)  (0.22)  (0.63)
Australia (AU) -0.33 -0.21 -0.26 -0.29 -0.1 0.09 -0.24 -0.15
(0.09)  (0.09) (0.06) (0.05) (0.05) (0.05)  (0.1) (0.21)
Israel (IL) -0.89 -0.49 0.02 -0.35 -0.08 0.18 -0.34 1.13
(0.19)  (0.17)  (0.1) (0.11)  (0.1) (0.11)  (0.23)  (0.58)
China (CN) -0.08 -0.34 -0.12 0.1 -0.23 -0.36
(0.15)  (0.15)  (0.15)  (0.15)  (0.21)  (0.57)
India (IN) 1.21 14 080 061  -0.97
(0.82) (1.12) (0.48) (0.42)  (0.79)
Former Soviet Union (FSU) -0.5 -0.53 -0.35 -0.28 0.3 0.1 -0.77
0.27)  (0.32)  (0.27) (0.25) (0.28) (0.27)  (0.86)
Rest of the world (RW) -0.68 -0.3 -0.47  -0.37  -0.14 -0.15 0.01 -0.18
(0.11)  (0.11)  (0.12)  (0.1)  (0.09) (0.09) (0.14)  (0.32)

Notes: The specifications are the same as for Table @except that only mechanical sector patents are considered among
the cited patents. We include CN and IN in RW for the first two sub-periods to avoid diverging estimators due to
their small sample sizes. For the same reason, IN and FSU are included in RW for the last sub-period.
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TABLE C.8. Estimation results of the citation lag model for other sectors
Period

1 2 3 4 5 6 7 8
Country (1980-  (1984-  (1988- (1992~ (1996- (2000-  (2004-  (2008-
1983) 1987) 1991) 1995) 1999) 2003) 2007) 2011)
Japan (JP) -0.14 -0.1 0.05 -0.11 0.16 0.31 -0.11 0.19
(0.05)  (0.04) (0.05) (0.05) (0.04) (0.05) (0.08) (0.22)
Germany (DE) -0.13 -0.09 0 -0.07 0.09 0.32 0.01 -0.87
(0.06)  (0.06) (0.06) (0.07) (0.07) (0.07) (0.12) (0.37)
EU -0.25 -0.11 -0.22 -0.19 0.1 0.21 -0.14 0.09
(0.06)  (0.06) (0.06) (0.06) (0.06) (0.06)  (0.1) (0.24)
France (FR) -0.17 0.04 0.12 -0.01 0.27 0.38 0.23 0.31
(0.04)  (0.04) (0.04) (0.04) (0.04) (0.04) (0.06) (0.17)
Great Britain (GB) -0.35 -0.15 -0.14 -0.16 0.13 0.33 0.13 0.06
(0.05)  (0.05) (0.05) (0.05) (0.05) (0.05) (0.08)  (0.2)
Taiwan (TW) -0.92 -0.99 -0.36 -0.33 0.11 0.16 -0.05 0.27
(0.19)  (0.18) (0.13)  (0.1) (0.08)  (0.1) (0.11)  (0.26)
Korea (KR) -0.73 -0.55 -0.15 -0.04 0.26 0.44 0.08 0.48
(0.12)  (0.08) (0.06) (0.06) (0.05) (0.05) (0.08) (0.22)
Canada (CA) -0.58 -0.16 0.22 -1.37 -0.31 -0.14 -0.26 0.54
(0.1)  (0.1) (0.36) (0.37) (0.22) (0.18) (0.17)  (0.3)
Switzerland (CH) -0.42 -0.31 -0.25 -0.25 0.05 -0.01 -0.25 0.41
(0.05)  (0.05)  (0.1)  (0.1) (0.09) (0.11) (0.18)  (0.42)
Australia (AU) -0.29 -0.04 -0.22 -0.21 0.07 0.1 -0.24 -0.1
(0.09)  (0.09) (0.04) (0.04) (0.04) (0.04) (0.07) (0.24)
Israel (IL) -0.68 -0.38 0.08 -0.03 0.26 0.17 0.07 0.54
(0.16)  (0.16)  (0.1) (0.11)  (0.1) (0.13)  (0.19)  (0.75)
China (CN) 027 021 007 051 051 -0.13
(0.14)  (0.14)  (0.13)  (0.18) (0.23)  (0.56)

India (IN) 0.8 208 044 053 052

(0.7)  (0.68) (0.41)  (0.33)  (0.73)

Former Soviet Union (FSU) 0.18 -0.59 0.08 -0.82 -0.04 0.07 0.04

(0.31)  (0.31)  (0.32) (0.34)  (0.32)  (0.29)  (0.44)
Rest of the world (RW) -0.4  -0.45 -0.3 -0.43 -0.04 0.04 -0.04 0.02
(0.09)  (0.08) (0.09) (0.08) (0.07) (0.07)  (0.1) (0.26)

Notes: The specifications are the same as for Table@ except that only patents not categorized as the aforementioned
five sectors are considered among the cited patents. We include CN and IN in RW for the first two sub-periods to
avoid diverging estimators due to their small sample sizes. For the same reason, IN and FSU are included in RW for

the last sub-period.
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