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Appropriating the returns of patent statistics:

Take-up and development in the wake of Zvi Griliches

Sandro Mendonga, Hugo Confraria, Manuel Mira Godinho
September, 2021

*

Abstract
Three decades after the publication of Zvi Griliches’ (1990) influential survey on “Patent statistics
as economic indicators”, the uses and limitations of patent statistics remain a core issue in the field
of innovation studies. This paper follows through Griliches’ seminal work to understand how the
literature using patents as an empirical resource developed over time. How has this indicator been
adopted and how has it been adapted to different research challenges? We address this question
by examining the citation tree of nearly 2000 articles published in almost 400 journals found to
refer to Griliches’ seminal contribution between 1990 and 2019. We combine bibliometric
techniques and qualitative analysis to provide a close-up moving picture of patents as a data
resource: growth and variety of usage, impact on disciplines and journals, driving institutions and
geographies, major topics and research issues. We find that five main themes emerge: 1) Economic
growth; 2) Geography of innovation, 3) Innovation management/ performance; 4) Pat-methods; and 5) Green
innovation. Shouldered by these findings, we discuss potential pathways for future patent-based

research.

Keywords: patents, innovation indicators, bibliometrics, survey, Zvi Griliches
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“I think patent statistics are interesting in spite of all the difficulties

that arise in their use and interpretation”, Zvi Griliches (1990, p. 1661)

1. Introduction

Patents point to progress. Or at least that is the assumption of many economists, given that the
temporary monopoly provided by a patent grant incentivises the production of new technological
knowledge (for classic textbook treatments see Tirole, 1988 p. 390, and Carlton and Perloff, 2015,
ch. 16). However, it is well known that patents transcend simplistic accounts. This institutional
device was set-up for different purposes long ago (an exclusive privilege designed originally to
promote imitation in 14™ century Venice, not invention); it can have diverging effects in terms of
social welfare (whenever trade-offs between protection and diffusion are not propetrly balanced);
and it can even be harmful to socio-economic development by crowding-out other mechanisms
of knowledge governance (like unimpaired scientific discovery and norms-based informal
collective appropriation solutions) (see Bessen and Meurer, 2008; Cabral, 2017, pp.391-5; Gilbert,
2011; Machlup, 1962). However, and as noted by (Arrow, 2012, p. 47), there is only one perspective
more influential than the whole question of incentives in the literature: the role of patents as a

“measure of inventive activity”.

In addition to the study of their actual implications, patents constitute an interesting source of
insight since they are carriers of substantive information (technical knowledge content) and meta-
information (of empirical value for competitive intelligence purposes, technology strategy, science
governance, etc.). Patents have become the object of a sprawling empirical-quantitative literature
that emerged in tandem with the enormous rise in global patenting activity and the availability of
computerised databases from the 1980s onwards (see, e.g., Granstrand, 1999, Ch. 9). Their use for
analysis is certainly associated with what has been called the Schumpeterian revival (Fagerberg,
2003) ot renaissance (Freeman, 2008), that is, the rise of the subject of research and technical change
as a subject worthy of scientific pursuit. The question of how patents have been developed and
actioned in the study of innovation phenomena is the focus of the present paper. Understanding
the absorption and adaptation of patents in academic work has implications for science studies
and innovation scholarship, but it also has implications for the formulation of actual innovation,

industrial and development policies and management.

Over the last decades, the body of work drawing on patents as a research resource markedly

increased and any attempt to summarise is now a heroic task. In sketching the generative process



behind the usage of patents, we decided on an analytic overview: we approach the patent indicator
from a bibliometric perspective. We study all the academic journal literature published (retrieved
from Web of Science Core Collection) between 1990 and 2019 that cite the survey published by
Zvi Griliches in the Journal of Economic Literature (JEL) in 1990. The work of this economist was a
particular source of inspiration for innovation studies and his 1990 instalment was a pivotal piece
that did a lot to establish patents as a legitimate and promising mainstream data source for
economics and innovation studies (see Fagerberg and Verspagen, 2009, who found him at the top
10 of the most influential scholars named by researchers in the field). His JEL paper was by no
means the first to propose or even to assess this indicator (see Basberg, 1987; Comanor and
Scherer, 1969; Acs and Audretsch, 1989; Narin et al., 1987; Pavitt, 1985; Schmookler, 1950), but
it surely came to be the most salient work to which most authors refer when acknowledging that
patents can be used as a proxy of inventive activities and a metric of technological change.
Griliches (1990, p. 1662) asked: “What can we use patent statistics for?”. In turn, 30 years on, our
interrogation is: What were patent statistics actually unsed for? Given that by then the question was
“already too large for one article and one person to deal with”, we will thus concentrate on what
the impact of Griliches’ influential paper can tell us about the appropriation of patent statistics for
the sake of academic analysis. In doing this we aim at making two contributions, a methodological
one and a substantive one. First, we trace the scientometric life of an indicator. There has been
some work on the publication profile of leading scholars of innovation studies (Fagerberg and
Verspagen, 2009; Meyer et al., 2004) and on the impact of some concepts (Kovacs et al., 2015;
Rakas and Hain, 2019), but so far less so on the flurry of scholarly work building upon an
innovation indicator. Second, we investigate the actual efforts of adoption and adaptation of
patents in shifting research agendas over the long run (Keuchenius et al., 2021), something that

matters also for understanding the evolution of innovation studies themselves (Martin, 2019).

This exercise, which takes as a yardstick a single but agenda-setting reference!, offers a timely
opportunity to take stock and investigate how patents were put to purpose and further developed.
While in the beginning of our period patents were not a mainstream tool of the trade, today they
are commonplace. We will chart the citation trajectories, the thematic fields of application, the
networks of tributary scholars, and track the life-cycle of the reception of patents as part of the

scholarly toolbox, including from the institutional and international perspectives. A major

1 Griliches himself was aware of this. The paper figures in his collection of essays (Griliches, 1998, p. 10), and the author was not
shy in undetlying just how influential it had been already: “A number of very interesting studies of patents, their role in innovation,
and what they can teach us about it have followed [his 1990 paper]...”.



outcome of the analysis is the organisation of the bibliometric stylised facts in the form of a

taxonomy of patent data uses.

In this paper, we take into account 1,800 articles published in 394 WoS-indexed journals. Our
approach, however, is not reducible to “metrics”; we complement and supplement the quantitative
perspective with qualitative research (like probing into the acknowledgements of papers,
examining biographic assessments of Griliches by his colleagues, or studying what the author
himself said referring to his work in interviews, public events or in the retrospective reflections
available in the preamble materials of essay collections) so as to provide a more granular,
multidimensional and robust assessment of the meaning and significance of Griliches’ key
contribution. In sum, we find that pooling the quantitative and qualitative perspectives allows for

an “augmented review” or “integrative appraisal” (Mendonga, 2017).

In what follows, we present evidence indicating that patent-based empirical analysis grew rapidly
in the wake of Griliches (1990). We show that his contribution is salient in the context of
economics discipline but that its influence spread ever more widely over time in what can be
described as a succession of overlapping research streams, namely: 1) “Economic growth”; 2)
“Geography of innovation”; 3) “Innovation management/performance”; 4) “Pat-methods”; and
5) “Green innovation”. While the US authors traditionally dominate the literature, the recent story
has been the rise of China to second place as a player harnessing the power of patent data.
Publications have appeared in no less than 394 indexed academic outlets, among which the leading
journal of innovation studies “Research Policy” came to be the most prominent. Patents proved
to be a rich raw material, an elastic empirical resource able to serve different and not easily
compatible agendas (from competitiveness to sustainability). The diverse and evolving analytical
uses of patents allows us to argue that there was a transition from narrow “economic statistics” to
a multi-purpose “innovation indicator”. As a source of discovery, patents went beyond what Zvi
Griliches originally envisaged and are likely to remain so as their potential continues to be creatively

stretched.

Section 2 proceeds to explore the measurement issues that surround innovation as a research topic.
Section 3 details the approach and the evidence. Section 4 presents the findings and critically
elaborates on their substantive significance and robustness. Some conclusions, acknowledgement
of limitations, as well as implications for future scientometric research and innovation strategy are

presented in section 5.



2. Measuring innovation: Background
2.1 The measurement agenda in innovation studies

Measurement implies commensurability, i.e. that there is at least some level on which objects are
structurally similar, so that meaningful comparisons can be made in quantitative terms. The
challenge is that innovation is about quality and new qualities?, via always unique pathways of
learning and knowledge-building. Since innovation usually involves multidimensional novelty and
brings a degree of discontinuity along with it, aspects of standardisation and comparability
regarding indicators of science and technology were acknowledged as paramount from early on.
In his review of innovation indicators, Smith (2005, p. 149) highlighted that the “key problems”
indeed “concern the underlying conceptualization of the object being measured, the meaning of

the measurement concept, and the general feasibility of different types of measurement.”

In what became the first journal special issue dedicated to science, technology and innovation
“output” statistics (Research Policy, edited by Chris Freeman in 1987, in honour of Yvan Fabian who
at the OECD had spearheaded the Frascati Conference), it is also clear that researchers were
actively pursuing other measures beyond research and development (R&D) as part of a portfolio
approach. In the Preface of the book version that followed, Freeman (1987, p. v) in the forward
note:

“From the very beginning in 1963 at the first Frascati Conference, Yvan Fabian

recognised that the official R&D statistics were only the first step. He was more

aware than anyone else of their limitations and understood the importance of

other scientific and managerial activities in bringing about technical innovations.

Most important of all, he knew perfectly well that R&D expenditures and

personnel statistics were only measures of inputs and that it was the
measurement of outputs which was the real challenge.”

As the field matured, the endeavour to increase the scale and scope of innovation measurement
beyond “input” indicators (namely, R&D investment) kept its momentum. A set of examples of
steps taken to push the boundaries of innovation indicators can be summed up: patent counts
(Griliches, 1990; Pavitt, 1985); direct technometric observations (Saviotti, 1988); patent citations
(Trajtenberg, 1990); questionnaire-based inquiries (Acs and Audretsch, 1990; OECD and Eurostat,
2005; Pavitt, 1984); technological alliance announcements and new product reports in the press
(Hagedoorn and Schakenraad, 1994; Hitt et al., 19906); composite indicators (Hagedoorn and
Cloodt, 2003; Patel and Pavitt, 1995); trademarks (Schmoch, 2003; Mendonga et al., 2004); fair

2 “An innovation is the implementation of a new or significantly improved product (good or service), or process, a new marketing
method, or a new organisational method in business practices, workplace organization or external relations.” (OECD, 2005, p. 46).



exhibits (Moser, 2005), among others. A recent literature review (Dziallas and Blind, 2019),

identified 82 unique indicators throughout the innovation process.

Today, patents are only one of a diverse portfolio of possibilities; that is to say, they are a partial
indicator of technological progress (Martin, 2019; Martin and Irvine, 1983). What is remarkable is
that their rise to prominence in the 1980s as an official statistic at the OECD happened while
other output indicators were being promoted and trialled (Godin, 2004, p. 124). The remarkable,
sometimes obfuscating, success of this indicator among the expanding range of other options ever

since seems not pre-determined from the outset and calls for further inspection.
2.2 Patents as an economic indicator

The interest around patents as indicators of economic activity is not new. Already in the 1930s,
1940s and 1950s researchers like Gilfillan (1935), Graue, (1943), Plant (1934) and Schmookler

(1950) were starting to interrogate patents about the underlying dynamics of invention.

In what was an early systematic appraisal, Simon Kuznets (1962, p. 37), who got a Nobel prize for
his pioneering work on economic statistics, had the following to say of patents: “Obviously, we
cannot assume that one patented invention is, in any meaningful economic sense, equivalent to
another.” Nonetheless, works by Schmookler (1966, 1962), Griliches and Schmookler (1963), and
Scherer (1965) began explicitly to evaluate the potential of large patent datasets to test hypotheses.
The increasing microeconometric efforts in the 1960s and 1970s related variables like R&D and
patents to understand the most favourable industrial structure for rapid technical progress. The
overall spirit at the time was that although differences in the magnitude of inventions between
patents existed, they did not, however, “overwhelm any association between patents and technical
change” (Comanor and Scherer, 1969). Griliches, who was heavily involved in these efforts from
the outset (Nerlove, 2001), also kept the view that “in spite of all of the difficulties, patents statistics
remain a unique resource for the analysis of the process of technical change” (Griliches, 1990, p.

1702).

A pioneering appearance of patent statistics in a textbook was on The Economics of Industrial
Innovation by Chris Freeman, who devoted a section to “patents as a measure of inventive output”.
While acknowledging patents were not to be considered entirely satisfactory, as they are not the
same as numbers of innovations, he stated that these would not be employed “if better information
were available.” Freeman, who was one of the drivers behind OECD’s pioneering travaills to
define and harmonise input indicators like R&D statistics, emphasised that difficulties with patents
were even more overwhelming. Labouring too much on the nexus between input and output

indicators would thus be futile. Patents, he stressed in a way that would become the hallmark of



the neo-Schumpeterian SPRU tradition, should not be used alone as they do not convey the whole
story of innovation, which for him encompassed the complex process of introduction in the
economy of products and methods of production incorporating new knowledge (Freeman, 1982,
p- 4.

During the 1980s there was a marked increase in interest in patent statistics. According to Keith
Pavitt (1985), who also had worked at the OECD and was by then at SPRU, the rising interest in
this statistical artefact was clear from the outset due to three main reasons. First, there was a new
social and political recognition of the importance of science and technology for the growth of
firms and national economies. Second, there was a spread of technological activities among a wider
range of firms and countries, which required statistical evidence to be more systematically
understood and assessed. Third, improvements in information storage and computational capacity
were enabling patent offices (and international agencies) to better organise and retrieve the data
contained in patent documents. By this time, increasingly comprehensive reports on patent activity
in time and space were already forcefully demonstrating the feasibility of this indicator for

purposes of industry analysis and international comparison (Scherer, 1983; Soete and Wyatt, 1983).

During the 1990s and 2000s this trend continued, and a survey in fact argued that during these
years “research papers that use patent statistics, have been increasing at a faster rate than patents
themselves” (Nagaoka et al., 2010, p. 1085). Recent indicator-oriented surveys converge in
recognising the prominence presence of patents among the various metrics of science and

technology (e.g. Hall and Jaffe, 2018; Lhuillery et al., 2017).
2.3 What is in a patent

While the detailed explanation of technology itself lies in the main text of the patent document,
most of the information economists tend to find most useful is included on the front page. It
usually includes the inventor’s name and address, the identification of applicant or assignee, key
dates such as the priority date, application date, grant date, and, importantly, technology classes
(usually based on the International Patent Classification). Patents also include references to patent

and nonpatent documents such as scientific publications.

Although such information has not changed much over time, and is basically the same across
different patent offices, the potential of patents as empirical material seems hard to exhaust and
indeed expansive as they are exploited. Several authors have provided encompassing discussions
how this information can be used analytically (Archibugi, 1992; Basberg, 1987; Griliches, 1990;
Nagaoka et al., 2010; Narin et al., 1991; Pavitt, 1985). According to these surveys, patent statistics

can be used to conduct research on a variety of topics, from firm strategy to industrial dynamics,



from R&D spillovers to university- industry knowledge transfer, from productivity analysis to
stock-market valuation, etc. New uses are contingent of new research questions coming to the

fore, and somehow patents seem to be amenable to provide new answers.

The growing experience with patent statistics has also produced an awareness of a long list of
limitations (e.g. Arundel and Kabla, 1998; Brouwer and Kleinknecht, 1999; Griliches, 1990; Torrisi
et al., 2010). First, patents protect inventions and not innovations. Second, not all innovations are
patented. Third, the value of patents is highly skewed. Fourth, different sectors and firms of
different sizes have different propensities to patent. Fifth, patents are used for strategic purposes,
such as to block other patents with unused patents or to receive licensing fees. And the examples
could go on, always stimulating new countermeasures in a feedback mechanism that further
stretches the methodological mileage of the indicator. Hence, the perceived advantages and

shortcomings have not remained frozen over time: they co-evolve.

More than other single contribution, Griliches’ (1990) well-known survey introduced a
discontinuity in the field. As Griliches (1989, p. 314) said in a Brookings Institution seminar just
before his seminal paper was published: “What I have just discussed is the fundamentally
unobservable quantum of ‘invention’, or ‘an advance in knowledge.” His survey was programmatic
and put knowledge, and its patent proxy, at the heart of economic analysis. How the ensuing

literature made the most of his insight is what we want to find out.
2.4 Why Griliches (1990)?

Our research strategy is to produce a comprehensive overview of the patent indicator by taking
Griliches (1990) as the turning point in the literature. We choose this approach because the paper
is the most highly cited paper of its kind (discussing patent statistics as data) and probably the one

that decisively established patent indicators in mainstream economics.

Griliches’ publications, including books, articles, notes, comments, reviews, and congressional
testimonies, total approximately 221 documents (Diamond, 2004). Out of all his work, Griliches
himself saw his career goal as trying to explain Solow’s residual, namely, accounting for economic
productivity growth after the standard tangible variables of capital and labour are correctly
measured (see interview Krueger and Taylor, 2000; see also Nerlove, 2001). He made widely
acknowledged contributions to many areas of economics, most notably the economics of
technological diffusion, measurement of R&D returns, growth accounting, and the econometrics
of dynamic phenomena. In a review of Griliches’ legacy, Paul David (2005) singles out his three
“biggest hits”: (1) the diffusion of innovations (Griliches, 1957, 1958), which laid the foundation

for rigorous empirical studies of the private and social returns to research activity, and hence for



the role of formal research activities in generating growth; (2) the explanation of changes in total
factor productivity (Jorgenson and Griliches, 1967), which transformed the study of productivity
growth from the study of the residual to a study of the measurable factors that caused increases in
the output available from given configurations of inputs; and (3) the work on distributed lags
econometric frameworks (Griliches, 1967), in which he aimed to solve the problem of having too
many omitted characteristics in R&D models. James Heckman (2005, p. 6) agreed and

complemented by stating how he:

“..had a major impact on research in economics and on the practices of
statistical agencies of governments. As a result he is one of the most influential

empirical analysts in the history of economics.”

A bibliometric appraisal can put these views into perspective. Although citations are only a rough
measure of intellectual influence they do, however, testify to the scholarly repercussion of
individual achievements (Martin and Irvine, 1983; Moed, 2005). Although his JEL 1990 survey
came at a later stage of his academic career, and has not been seen as one of his top acts, it does
currently stand out as the research piece for which Griliches got more impact vis-a-vis all his other

contributions (Fig.1).

Figure 1. Griliches’ top 10 highly cited contributions
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Econometrica)
Source: Web of Science (WoS), the same for following figures and tables
Being Griliches’ most cited paper, it would seem to follow that his 1990 contribution would have

also been significant in the field of “Economics” as a whole (see Nagaoka et al., 2010, p. 1085).

To check this conjecture, we compare in Fig. 2 the citation numbers of his 1990 survey against



other papers in the “Economics” WoS category for the same year of publication (to normalize by

the year).

Figure 2. Griliches (1990) versus the top 10 highly cited publications in “Economics” published
in 1990
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Indeed, we find that Griliches (1990) is the third in terms of more citations in the field of
“Economics” (up to December 2019) from a total of 6237 papers. The two papers from that year
which have received more citations than Griliches’ survey are Paul Romer’s endogenous growth
model (Romer, 1990), which was credited for his Nobel Prize of 2018, and Johansen and Juselius,
(1990), which is widely used in econometrics for pointing the way to detect multiple cointegrating
relationships. The remaining top 10 papers cover subjects ranging from financial economics
(Jensen and Murphy, 1990; Long et al., 1990), public economics (Andreoni, 1990), property rights
(Hart and Moore, 1990), entrepreneurship (Baumol, 1990), behavioural economics (Kahneman et

al., 1990), back to economic growth (Barro, 1990). Hence, it becomes clear that Griliches (1990)

was an important paper in a year when a number of marked advances were made in Economics.

In addition to comparing Grilliches (1990) with the WoS 1990 Economics cohort, we assess its
relevance within the specific literature advocating and deploying patents as economic indicators.
For this, we use a search query? that combines the word “patent(s)” with related keywords within
this specific literature, namely “technolog*”, “innovation”, “economic*”, “R&D”. Applying this

to the Social Sciences Citation Index from WoS (SSCI) since 1900 yields 9285 papers; by

3 https://www.nobelprize.org/prizes/economic-sciences /2018 /romer/facts/

4 (("Patent*" AND (economic* or "creativ¥" or industr* or Innovat* or "knowledge" OR "residual" OR "R&D" OR "tesearch and
development" OR Statistic* OR Technolog* OR "tfp" OR "total factor productivity")) OR "patent data" or "patent indicator*")

10



considering Griliches’ (1990) against this population of related research available, we find it to be

the third most cited paper (Fig. 3).°

Figure 3. Griliches (1990) versus top 10 highly cited patent-related publications
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The paper ranking #1 in this set of work focuses on geographical knowledge spillovers using
patent citations (Jaffe et al., 1993). That paper compares the geographic location of the inventors
identified in a given patent with the geographical location of the inventors of the patents that cite
the originating patent, and checks if citations come disproportionately from the same state or
metropolitan area as the originating patent. The authors find evidence that indeed knowledge
spillovers are geographically localised. Zvi Griliches is mentioned in the acknowledgements

section. Interestingly enough, all three authors from this paper were his doctoral students.®

Paper #2, by Aghion and Howitt (1992), provides a theoretical model of economic growth based
on a Schumpeterian process of creative destruction and is widely cited in the literature on

endogenous growth. Again, Zvi Griliches appears in the acknowledgements.

It is worth noting what is found by gleaning through these non-content sections, which often
appear to pay an intellectual debt to individuals and institutions that have provided some sort of
assistance during the research or in the preparation of the final version of the paper. Despite
Griliches” own paper coming #3 in the ranking, these observations show that his powerful

influence is imprinted in the two most cited papers.

5 The 9,285 publications identified by our search were ranked by the number of citations received until 2019. Next, to ensure the
relevance of each of the top10 highly cited publications for our purposes, the abstracts, keywords and introductions of each top20
publications were checked manually. This allowed identification and elimination of two false-positive articles (i.e. articles not related
to our topic of interest) in our top10, which were replaced by the following two with more citations in the list.

6 Griliches (1998 p. 10) was indeed keenly aware of how, in his words, “my students and their students” were instrumental in
further opening-up the subject, establishing new facts and making methodological breakthroughs.
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The other papers in this ranking cover issues such as interfirm knowledge transfer within strategic
alliances (Mowery et al., 1996), R&D spillovers (Jaffe, 1986), employee creativity (Oldham and
Cummings, 1996), how excess privatisation of R&D can deter innovation , mobility and spillovers
(Almeida and Kogut, 1999), mechanisms facilitating techno-organisational learning (Rosenkopf
and Nerkar, 2001), and the relation between patent citations and firm market value (Hall et al.,
2005). Four out of these seven papers cite work by Griliches, which goes on to underscore his
disproportionate influence among top research focusing on innovation and economically useful

knowledge.

Taken together, this evidence sets the scene in terms of the innovation measurement research
programme. Patents have prominence as an innovation indicator, either when compared with all
other economics contributions published in the year 1990 or in the context of full range of work
published in that year on technical change. Incidentally, Griliches (1990) is the publication most
cited ever in the Journal of Economic Literature, one of the most prestigious economics outlets in
academia. In other words, the impact of this work and the agenda it synthetises can only be
underestimated and amply justifies its employment as a focusing device to drill into the significance

and influence of the patent indicator.

12



3. After Griliches (1990): Data, methods, caveats

3.1 Research strategy and data constraints

Our research addresses the evolution of the journal-based literature on patents as economic
indicators by looking at the corpus of publications (articles and reviews) citing Griliches (1990) in

Web of Science Core Collection (WoS) until 2019.

With this source, we can evaluate the influence of the target paper on academic knowledge
production independently of disciplinary boundaries. However, it should be kept in mind that this
approach does not capture all relevant scientific work on patents as economic indicators. First,
authors impacted by the ideas that appear in Griliches (1990) may not cite it but rather other
surveys (e.g. Pavitt, 1985). Second, Griliches (1990) is cited in many other documents beyond
peer-reviewed papers available in WoS; Google Scholar during the year 2020, for example, yielded
slightly over 8100 for the period until 2019, while in WoS counts 1,800. Third, some ideas seep in
to become common sense and, as generations go by, researchers stop using explicit references to
indicate what became a pre-acquired belief (see Merton, 1973). We choose WoS instead of other
bibliometric databases like Scopus, Dimensions, Lens or Google Scholar’ due to its reliability in
historical citation links, quality of abstract and keyword data for topic modelling, and availability
of the “organization-enhanced” function that allows for consistent institutional collaboration

analysis.

While this bibliometric approach offers unique insights and has distinct advantages, there is a
number of drawbacks to our study. To start with, we are only dealing with citations from
publications in WoS journals, meaning that PhD theses, books, grey literature, and scientific
publications in proceedings or non-indexed journals in WoS are absent.® This might lead to some
disciplinary and geographical bias (Chavarro et al., 2017; Mongeon and Paul-Hus, 2016). Another
limitation is that, although we used clustering techniques to identify groups of literature within our

set, we rely also on interpretive methods to identify the key research streams.

The present study takes on board WoS data in three major steps, which we detail below. First, we
use the affiliation data from publications citing Griliches (1990) to analyse what institutions,
countries, and collaborations appear. This allows us to trace the communities (geographies,

organisational players, groups of scholars) that have been influenced by his work and how his

7 Data in Google Scholar, for example, is unstructured and many of the citing documents do not reflect academic impact (Martin-
Martin et al., 2018).

8 For citation numbers it would be interesting to do all types of documents to assess general impact. However, for the disciplinary
section, since only scientific journals are associated to WoS categories, and since only article and review keywords (and references)
are consistently available in WoS to perform keyword analysis (and bibliographic coupling), we decided to be coherent and only
use articles and reviews for all analyses done.
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influence changed over time. Second, in order to have a better overview of the disciplinary impact
of Griliches (1990), we analyse the disciplines of those journals in which citations appear as well
as the keywords and topics surfacing in the citing publications, including the most influential citing
publications. Third, we combine, complement, and supplement this bibliometric analysis with an
historicist component to construe a taxonomy of the actual trajectories of research that have

developed and deployed patents as indicators.
3.2 Geographical and institutional influences

The first step of our analytical section makes use of affiliation data (1) to check which authors in
what institutions and countries are responsible for the citations, and (2) to identify the co-
authorship networks mostly influenced by the paper. This helps us to understand which actors
and networks have been active in appropriating the analytical and empirical value of Griliches’
contribution.” Collaboration (co-authorship) networks are built using Gephi’s “Fruchterman

Reingold”!? algorithm.
3.3 Disciplinary and thematic influences

The second step involves identifying and outlining (1) bibliographic information to depict the
broad disciplinary areas that are making use of the insights contained in the target paper, (2)
keyword data to identify the most frequent topics and research problems studied in the citing
publications, (3) the most influential citing articles, and (4) groupings based on the commonality

of references that they cite.

By analysing the (394) journals and WoS categories'! that cite the target paper, we are able to
derive an understanding of the diffusion and disciplinary boundaries of the literature on patents
as indicators. This in turn helps us with other inferences, for example, whether studies in this area

are exclusively performed in economics or are likewise done in other fields (Angrist et al., 2020).

Also, by analysing the most common keywords in papers that cite Griliches (1990) we will have a
more fine-grained analysis about the contents driven forward by this classic survey, and what are
the emerging topics that are appearing. Keywords are obtained both from the keywords provided
by the authors of each paper and those created by KeyWords Plus'?. We generate the co-
occurrence matrix of keywords, frequencies and map of relations between terms using the

VOSviewer “LinLog/modularity” layout procedure (for more info see Newman, 2003; van Eck

9 We use the full-counting method, that is to say, counts are not weighted by number of authors and addresses in a publication.

10 https:/ /github.com/gephi/gephi/wiki/Fruchterman-Reingold
11 https://images.webofknowledge.com/images /help/WOS /hp subject category terms tasca.html

12 KeyWords Plus are words or phrases that frequently appear in the titles of an article’s references, but do not appear in the title
of the article itself. They are created based upon a proprietary algorithm from Clarivate Analytics.
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and Waltman, 2020). Keywords that co-occur more often in the same publications appear closer
together in the maps of keywords. For all keywords in our set, we also calculated the average year
that they appear in different papers during the period 1990-2019, which allows us to assess the

timeline of different intellectual returns derived from Griliches.

Moreover, by analysing the reference commonalities of the citing papers we are able to identify
academic groups/clusters. For this, we carty out a bibliographic coupling analysis, a technique that
computes the similarity of sources of a set of papers (Kessler, 1963). The “coupling strength”
between publications is determined by the number of references they share, assuming that a
common pool of references points a resemblance in terms of aims, background, methods, or
theory (Rakas and Hain, 2019). The higher “coupling strength” is therefore an expression of a
scholarly community (for more info see Perianes-Rodriguez et al., 2016; van Eck and Waltman,
2009, 2020). This technique will also allow us to analyse how the themes have evolved in size
through time. After fleshing out the structure of the literature using this technique, we improve
the visualization of the most relevant articles by highlighting the publications that have higher

normalized citation impact by year (Waltman, 2010).
3.4. Taxonomy of research streams

The final step of this paper is to describe the different kinds of literature that use patents as
economic indicators, and how they changed in time. The procedure is designed to provide
crosschecks to the clusters and thus enhance the robustness of our findings. We go about this
analysis by (1) using the previous results so as to discern major issues of interest in the literature,
(2) using VoSviewer clustering algorithms to sort out developing themes, which we call research
streams, and (3) tabulating the key characteristics of the research streams, i.e. the defining terms and
focusing questions, and producing a classification (a taxonomy) of patent uses as empirical inputs.
In order to capture the latest developments and emerging topics, the last empirical sub-section is
dedicated to the analysis of papers citing Griliches (1990) or found using the same query as in Fig.
3 published only in 2019 and 2020 in a way akin to an out-of-sample sensitivity analysis. We
appraise these recent articles by considering their novelty in relation to all the literature previously

discussed.

Opverall, and by means of pooling different evidence bases (including qualitative data and emerging
trends), our research design allows us to augment and buttress what would otherwise be a purely

quantitative/descriptive paper (Mendonga, 2017).
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4. Results

4.1. Geographical influence

According to WIPO (2019) from 1970 to 2000 US, Japan and Western Europe accounted for 90
percent of all patent applications worldwide. However, in recent years the patenting take-off of
new players like China and India has contributed to innovation becoming more evenly distributed
globally (Confraria et al., 2021; Godinho and Ferreira, 2012). At the same time, paradoxically, it is
argued that patenting activity is getting geographically concentrated in a limited number of
innovation hotspots based on a few large, cosmopolitan and prosperous urban areas inside each
given country (e.g. Bergquist et al., 2018). In other words, given that patenting patterns have
changed over recent decades; likewise, looking into how the study of patents as an empirical

window into innovation phenomena has itself changed becomes a compelling endeavour.

In this section, we analyse the geographical distribution of the literature citing Griliches” 1990
survey. In Fig. 4 we can observe that the US is the country where most authors citing Griliches
(1990) are located. These US-based papers represent around 32% of all Griliches-citing
publications, in line with the 34% US global share of total publications over the same period (also
computed from WoS). Not only US-based researchers have an historical record of dominating
“innovation studies” (Fagerberg and Verspagen, 2009), it should also be pointed out that Zvi
Griliches was based in the US for most of his career; since researchers tend to disproportionately
cite papers from their own country (Jaffe et al., 1993; Lariviere, Gong, and Sugimoto, 2018), this

is indeed an expected result.

Figure 4. Countries of citing articles of Griliches (1990), 1990-2019
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The next countries with a higher share of citing documents are Italy and the UK, each with 12%.
Italy’s position comes as somehow surprising since its global research share is substantially lower
(5%). However, since Italian authors have a historical tradition in “innovation studies” using patent
data (e.g. Archibugi and Pianta, 1996; Breschi et al., 2000; Malerba and Orsenigo, 1995, 1996), for
those familiar with innovation studies this is likewise not an unexpected result. As for the UK,
which is also above its global research share (9.4%), given that there are several academic
institutions in which pioneering work in this area took place, this finding is also understandable:
the SPRU group stands out (e.g. Freeman, 1982; Pavitt, 1985), but research done at LSE, UCL
and Manchester has also been vibrant (e.g. Geroski et al., 1993a; Metcalfe et al., 2005; Mina et al.,
2007). Germany (9%), China (7%), Spain (6%), Netherlands (6%0), France (5%), Taiwan (5%) and
Australia (4%) close the top 10."3

The previous world shares are static, aggregate figures. In order to understand the geographical
dynamics of research on patent statistics, we computed the evolution of the top 20 countries (>1%
of total share) with more publications citing Griliches (1990) over 1990-2019 (Fig. 5). The feature
story here is China: this country rose substantially in the ranks and recently become the second
country with publications citing Griliches (1990). Chinese scholars tend to focus on Chinese
patenting, both at the macro (e.g. Guan and Chen, 2010; Li, 2009, 2012) and micro levels (e.g.
Guan and Yam, 2015; Li, 2011).
Figure 5. Top 20 countries citing articles of Griliches (1990), 1990-2019
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13 It should be pointed out that if the data in Fig. 4 and Fig. 5, were normalised relative to population, we would perceive the
Netherlands, Switzerland, Belgium, Denmark and Taiwan would come as the top performers in this field.
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4.2. Institutional influence

To have a better understanding of the research groups and universities that are more active in
citing Griliches (1990), we analysed the institutions that produced more publications and how they
collaborated. Fig. 6 reports the academic players citing Griliches’s survey between 1990 and 2019

(>14 pubs), and the pairing institutions that collaborated more often (>2 pubs).

Harvard University and NBER provide the organisational settings for papers citing Griliches
(1990) more often. As this was precisely the framework out of which Griliches influenced,
collaborated, and supervised (e.g. Ariel Pakes, Mark Schankerman, Rebecca Henderson, lain
Cockburn, Manuel Trajtenberg, Adam Jaffe, etc.)!* in topics related to the economics of
innovation, it is justifiable why those are the institutions producing more research citing his

landmark work.

The collaboration network also shows two European clusters, a Belgium-Dutch-German one
(including Maastricht, Eindhoven, Leuven, ZEW and Max Planck Society, among others), and an
Italian-French one (including Bocconi, Turin, and Nice plus the CNRS).!> From the UK, the LSE,
Sussex and Manchester are also important universities in the network, but seem not to cooperate
a lot among themselves. Conversely, Asian institutions seem to collaborate mostly within their

own countries.

Figure 6. Collaboration network of most productive institutions citing Griliches (1990)
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14 http://people.bu.edu/cockburn/tree of zvi 4 generations.pdfaghio

15 The first of these two clusters includes scholars like John Hagerdoorn (Maastricht) and Bart Verspagen (Maastricht and
Eindhoven), Koenraad Debackere, Bart Van Looy, Rene Berderbos and Dirk Czarnitzki (KU Leuven), Dietmar Harhoff (ZEW
and Max Planck Society) among others, while the second cluster includes scholars like Franco Malerba, Stefano Breschi, Luigi
Orsenigo (Bocconi), Cristiano Antonelli (Turin), Francesco Lissoni (currently at Bordeaux).
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4.3. Disciplinary impact

Following through the previous section of the most important actors (countries, institutions and
authors), our aim now is in identifying the citation tree of research areas that are more pervasive.
We start by analysing the scientific journals where the influence of Griliches (1990) was felt. In
Fig. 7, out of the 394 journals in the database we plot the top 20 journals with more citing

publications, which account for 42% of the publications in the citation tree.

Figure 7. Top 20 scientific journals with more citations to Griliches (1990-2019)

92 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Around 10% of all publications citing Griliches appear in “Research Policy” (RP). RP, founded by

Chris Freeman from SPRU, and which is generally acknowledged to be the leading journal in the
field of “innovation studies” (Fagerberg and Verspagen, 2009; Rossetto et al., 2018; Teixeira,
2014). The papers here tend to deploy patents to address the interaction of innovation and policy
relevant matters. The other journals with more than two percent of the global sample are
“Scientometrics” (4.3%), “Technological Forecasting and Social Change” (3.7%), “Strategic
Management Journal” (2.4%) and “Technovation” (2.3%), which are also core journals in

“innovation journals” (see Fagerberg and Verspagen, 2009).

While most of the studies published in Scientometrics focus on perfecting patent analytics, many
of the articles in “Technological Forecasting and Social Change” citing Griliches (1990) used
patent data to analyse technological trajectories. As for the “Strategic Management Journal”, a
well-known business studies journal, it features many papers using patent data in relation to inter-

firm knowledge flows, strategic alliances and issues related to firm performance. Closing the top
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5, articles is “Technovation”, which is a journal that encompasses all facets of technological

innovation, tend to use or discuss patent applications/grants as a proxy for innovation.

Interestingly, the only high-profile economics journal (Heckman and Moktan, 2020) in this ranking
is the “American Economic Review”. Another remarkable aspect of Fig. 7 is that two journals
seem to be “emerging” in the last period, namely “Industry and Innovation” and “Energy Policy”.
This finding seems to indicate that the influence of the literature on patents as economic indicators

continues to expand to new journals and specialisms.

The individual observation of journals in which the citing papers were published is a good way to
assess the reach of patents as indicators in the socio-economic sciences. However, another way to
assess this influence is to aggregate these journals in research areas.!® Fig. 8 shows the distribution

and dynamics of publications that cite Griliches (1990) using WoS categories in 10-year periods.

Figure 8. Top 10 disciplines taking-up Griliches (1990-2019)
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The bulk of the citing papers are in “Economics”, “Management” and “Business” journals, with
the relative importance of “Economics” declining, and “Management” sustaining dominance. The
WoS category that has been rising mostly is “Environmental studies”, with 11% of the papers
being associated to it in the most recent 10-year period (2010-2019). Other WoS categories like
“Regional and Urban planning”, “Geography”, “Information science and Library science” and

“Computer science, interdisciplinary applications” have also been on the rise. These results clearly

16 Every journal covered by WoS is assigned to at least one of 252 WoS subject categories. There are journals that belong to two,
three, or even four categories, but for our sample the majority of journals (42%) are associated with just a single category (e.g.
“Research Policy” belongs only to the “Management” category).
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demonstrate that patent statistics have been appropriated by research agendas well beyond

economic sciences and business disciplines.

4.4. Research trajectories from Griliches (1990) onwards

Our findings at the aggregate level allow for an overall perspective about the configuration of the
citation tree. However, the trajectories along which the literature referring to Griliches (1990) has
advanced can be further tracked by examining how the citing papers are grouped in terms of the
similarity of their references (i.e. bibliographic coupling). Based on our data set of 1,800 articles
and using VoSviewer bibliographic coupling algorithm!? (see Appendix), we identified five
thematic research streams, as follows: 1) Economic growth; 2) Geography of innovation; 3) Innovation
management/ performance; 4) Pat-methods; and 5) Green innovation. These tresearch streams evolved
relatively independently from each other, while publications from a sixth research group (others)
comprise around 35% of total publications that share a significant amount of references with those

belonging to the five other groups.

This coupling approach also facilitates the identification of the articles that are more impactful in
a certain research stream. In order to control for older publications having on average more
citations, we built a map of publications citing Griliches where we use both the number of citations
received until 2019 for the size of the nodes, and time normalised citation impact!® for nodes

colouring (in Fig 9 red represents high impact, yellow average impact and white low impact).!?

17 VoSviewer software was used to build this map. VoSviewer is a software tool for constructing and visualizing bibliometric
networks. These networks may for instance include journals, researchers, or individual publications, and they can be constructed
based on citation, bibliographic coupling, co-citation, ot co-authorship relations” (in https://www.vosviewet.com/).

18 The normalized number of citations of a document equals the number of citations of the document divided by the average
number of citations of all documents published in the same year and included in the data that is provided to VOSviewer. The
normalization cortects for the fact that older documents have had more time to teceive citations than motre recent documents.

19 This analysis was also performed by decade (1990-1999; 2000-2009, 2010-2019) in order to obtain more insights about what the
most highly cited papers in each decade were and to understand if the clusters of publications were consistent over different
periods. Graphs and analysis can be provided upon request.
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Figure 9. Map of publications citing Griliches (1990), based on bibliographic coupling, 1990-
2019
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In what follows we will look into those five streams, examining at a more granular level some

anchoring references within each of them.

Stream 1 (Economic growth) is spearheaded by econometric approaches, including the application
of variations of the Cobb-Douglas production function and ways to model the macro patterns of
innovation.” In the 1990s, this economics of R&D strand, includes Segerstrom (1998) who used a
R&D-driven endogenous growth model to shed light on some puzzling economic trends of the
time; Griliches (1992) which is a survey on models to capture R&D spillovers with particular
attention to the analytical difficulties of coming up with robust stylised facts; and Griliches (1994),
who discussed a series of issues related to productivity decline. The 2000s brought in contributions
such as Keller (2004), who surveyed what is known about international technology diffusion;
Wong et al. (2005) that used an augmented Cobb-Douglas production function to explore firm
formation and technological innovation as separate determinants of growth; and Bottazzi and Peri
(2003) who estimated the effect of research externalities in generating innovation. During the
2010s, Furman and Stern (2011) investigated how institutions shape the creation of new
knowledge; Guan and Chen (2012) proposed a relational data envelopment analysis model for
measuring the innovation efficiency of the national innovation system by decomposing the
innovation process into a network with a two-stage innovation production framework, namely an

upstream knowledge production process and a downstream knowledge commercialization

20 The eatly prominent role of this research line has been greatly discussed, see Verspagen and Werker (2004) and Fagerbgerg and
Verspagen (2009, p. 220).
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process; and Hunt and Gauthier-Loiselle (2010) measured the extent to which skilled immigrants

increase innovation in the US.

Stream 2 (Geography of innovation) includes several different issues such as the measurement of
localised learning, university-industry relations, and technological relatedness.” Some crucial
contributions in the 1990s include Anselin et al. (1997), who examined spatial spillovers between
academic research and high-tech innovations; Feldman and Audretsch (1999) who tested whether
the specialisation of economic activity within a narrow concentrated set of economic activities is
more conducive to generate knowledge externalities or if diversity, by bringing together
complementary activities, better promotes innovation; and Zucker et al. (1998) who studied
whether the impact of research universities on nearby firms relates to identifiable market
exchanges between star scientists and businesses. During the following decade, the 2000s, there
were significant contributions such as Acs et al. (2002) who provided a regression-based analysis
of innovation count data at low levels of geographical aggregation; Glaeser and Kerr (2009) who
used Census Bureau data to study local determinants of manufacturing start-ups across cities and
industries; and Carlino et al. (2007) who looked at the relation between urban density, rate of
invention and knowledge spillovers. Finally, during the last decade, Ponds et al. (2010) analysed
the effect of spillovers from academic research on regional innovation; Boschma et al. (2015)
investigated if technological relatedness was a crucial driving force behind technological change in
366 US cities; and Rigby (2015), who mapped knowledge complexity in US cities using patent

classes, and explored how the spatial diffusion of knowledge is linked to complexity.

Stream 3 (Innovation management/performance) one of the papers with more citations is
Mowery et al. (1996), which examined interfirm knowledge transfers within strategic alliances.”
This paper used a new measure of alliance partners’ technological capabilities based on the citation
patterns of their patent portfolios, which was later on taken up by many other studies. During the
ensuing decade, this stream of research came to include several other highly cited papers, like those
by Ahuja and colleagues (Ahuja, 2000a, 2000b; Ahuja and Katila, 2001; Ahuja and Lampert, 2001)
which used a mix of network analysis and patent data to study the innovative performance of firms
based on their collaboration structures. Other influential papers in this trajectory include
Hagedoorn and Cloodt (2003) who studied the innovative performance of a sample of nearly 1200
companies in high-tech industries; Rothaermel and Hess (2007) who followed the dynamic

capabilities perspective to test the direct effects of individual, firm, and network factors on

21 Fagerberg and Verspagen (2009, p. 220) also detected the importance of the geographical perspective in the field of innovation
studies.

22 Meyer et al. (2004) is one of the first contributions establishing that research on innovation and industrial dynamics produced a
great impact in the business school realm.
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innovation output; and Schilling and Phelps (2007) who proposed that firms’ cluster
embeddedness was related to greater innovative output. Then, during the last decade (2010s),
important contributions in this area include Makri et al. (2010) who developed a model of
relatedness in high-technology mergers and acquisitions; West and Bogers (2014) who, from an
open innovation perspective, reviewed how and why firms commercialise innovation springing
from external; and Kaplan and Vakili (2015) who developed a text-based measure of novel ideas
in patents using topic modelling to identify those patents that originate bring in new bodies of
knowledge. Also, more recently, there have been many papers on the relation between financial
performance of firms and patent activity (Acharya and Xu, 2017; Flammer and Bansal, 2017;
Flammer and Kacperczyk, 2016; Hirshleifer et al., 2013; Kogan et al., 2017). An overarching topic
within this research stream is, indeed, the relation between innovation and firm performance (e.g.

Geroski et al., 1993; Blundell et al., 1999; Coad and Rao, 2008; Kogan et al., 2017).

Stream 4 (Pat-methods) is essentially a methodological trajectory of work, which can be seen to
build upon the potential of patents as a source and a metric. There are some articles that discuss
the relation between patent value, quality, and characteristics (e.g. Harhoff et al., 2003, 1999;
Lanjouw and Schankerman, 2004; Sampat et al., 2003), technical issues related to the use of patent
data (e.g. Jaffe and de Rassenfosse, 2017; Lerner, 1994), as well as bibliometric analysis of patent
citation networks, technological trajectories and emerging technologies (e.g. Choi and Park, 2009;

Mina et al., 2007; Verspagen, 2007).

Finally, Stream 5 (Green innovation) is relatively smaller and includes more recent articles. The
oldest ones we could identify are from Jaffe et al. (1995), who assessed the linkage between
environmental regulation and competitiveness, and Jaffe and Palmer (1997) who focus more
closely on the stimuli to domestic innovation vis-a-vis foreign competitors. During the 2000s del
Rio Gonzalez (2009) produced a review on the determinants of environmental technological
change; Popp (2002) used US patent data to estimate the effect of energy prices on energy-efficient
innovations; and Fischer and Newell (2008) assessed different policies for reducing carbon dioxide
emissions and their impact on renewable energy. In the 2010s, Johnstone et al. (2010) examined
the effect of environmental policies again on the specific case of renewables innovation;
Rubashkina et al. (2015) investigated the environmental upgrades of manufacturing sectors of 17
European countries; and Costantini et al. (2017) who performed an empirical investigation policy

mixes inducing innovation in energy efficient technologies.

A decade-by-decade account of the resulting allocation is displayed in Table 1. The number of

articles increased almost nine times from 1990-1999 to 2010-2019. Overtime the structure of

24



publication also got richer and more thematically balanced.”® Regarding the classified pieces of
research we perceive a wave-like succession of streams, with Economic growth being the first to raise
steam, and Geography of innovation as a close second. The Innovation management/ performance stream
becomes a mainstay of patent analysis already by the early 2000s, maintaining thrust henceforth.
The Pat-methods stream, with its focus on metrics and broader analytical issues, really jumps off in
the 2000s and keeps strong momentum in the following period. The stream pursuing Green
Innovation breaks through in the 2010s, sporting the remarkably robust dynamics in relation to the

previous decade and in comparison with other streams.**

Table 1. Patent-based research streams over time

1990-1999 2000-2009 2010-2019
Economic growth 17 64 120
Geagraphy of innovation 12 84 162
Innovation management/ performance 9 98 236
Pat-methods 3 38 188
Green Innovation 6 26 108
Others 88 190 351
Total 135 500 1165

4.5. What do keywords tell us about the major research trajectories

Our previous findings helped us identify broad research themes that unfolded after Griliches
contribution. However, we are also interested in comprehending what specific research topics have
been pursued (concepts, phenomena, questions), and which ones have been emerging more
recently. Fig. 10 shows a co-occurrence map of keywords that appear most frequently in the citing
articles. On the map, larger keywords are those that appear more often; keywords that tend to co-
occur in the same publications appear closer together; and keywords with a lighter colour (yellow)

are topics that, on average, appear in more recent publications.

23 An analysis of percentage shares shows that a classic concentration indicator goes down through the years. Using the Hirshmann-
Herfindahl index in five-year intervals shows it dropping dramatically until 2015, being stable after that.

24 The chronology was established as follows: 1) the median date of publication was taken as time-anchor for every stream; 2) two
ties were obsetved (streams 2/3 and 4/5). In these cases, the chronological order was established by defining an older stream as
the one which as the older first paper per stream.
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Figure 10. Map of keywords appearing in publications citing Griliches (1990), 1990-2019
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Interestingly, Fig. 10 allows for the identification of the same five literature streams and suggests
a further set of findings. First, keywords like “innovation”, “research-and-development” and
“technology” appear more often, compared with all the other keywords, and are central in the
network (which means that they co-occur very often with all other terms). Second, cluster 5)
“Green innovation” seem to include many emerging keywords such as “green technology”,
“energy efficiency” and “eco-innovation”. Other frequent keywords in each of these clusters are
“absorptive capacity”’, “competitive advantage” and “strategic alliances” in cluster 3 (Innovation

2 <<

management / performance); “spillovers”, “agglomeration” and “economic geography” in cluster

2 (Geography of innovation); “productivity”’, “endogenous growth” and “growth” in cluster 1

2 <<

(Economic growth); and “patent citation analysis”, “patent data” and “networks” in cluster 4 (Pat-

methods).

4.6. Taxonomy of literature on patents as economic indicators
The analysis in sections 4.2 to 4.5 offers perspectives about how the literature on patents as

economic indicators has evolved.”® In order to summarize it, we present a taxonomy in Table 2

25 It should be noted that as it could be expected there are other papers covering a diversity of innovation-related matters that are
not directly covered by our streams (see red area in Fig. Al in Appendix). Some of these are highly cited articles and deal with a
variety of issues ranging from theoretical (Fagerberg and Verspagen, 2009; Freeman, 1994; Powell and Snellman, 2004) to empirical
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that includes information about each stream over each of the three observed decades concerning:
1) the estimated number of publications citing Griliches; ii) what were the most relevant keywords

(topics), iii) highly cited articles, and iv) journals of choice.

Determining the accuracy of a taxonomy of scientific knowledge using bibliometric methods is a
challenge (Klavans and Boyack, 2017). In Table 2 we tried to triangulate the different methods we
applied (Figures 7, 8, 9, 10 and A.3) in order to achieve a coherent result. This exercise allows us
to produce a set of key observations. First, from the keyword analysis we can observe that the

topics covered by this literature are vast and evolved in directions that Zvi Griliches surely did not

) <<
b

have in mind (e.g. “open innovation”, “eco-innovations”). Second, research streams vary in size
with “Innovation management/performance” being the major one with 20% of publications, and
“Green Innovation” the smaller with 8% of publications. Third, a journal specialisation (i.e. the

context for publication) for the different streams is also observable.

contributions about the knowledge-based economy (Archibugi and Pianta, 1996; Arundel and Kabla, 1998; Hagedoorn and Cloodt,
2003).
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Table 2. Taxonomy of literature on patent statistics

. Pubs Frequent Theme/Research question of highly cited Journal of
Stream Period per . .
. keywords articles article
petiod
E . .
cononie Productivity ~ Productivity, research-and-development, and the AMMM??
Growth 90s + ; o Economic
growth data constraint. (Griliches, 1994) :
Review
Median year: 00 et Technology ~ What determines the effectiveness of technology . of Economic
2011 s diffusion diffusion in the World? (Lerner, 2004) Literature
bt Total factor New measure of the cconomic importance of each The Quarterdy
10s + roductivity innovation that exploits the stock market response = :
P Vi to news about patents. (Kogan et al., 2017) J- of Economics
Geograp.h_y of Tacit Is the specialization/diversity of economic European
Innovation 90s + kn f 4 activities more conducive to knowledge spillovers Economic
owlecee and innovation? (Feldman and Audretsch, 1999) Review
Median vear: Patents and innovation count as measures of
2012 year: 00s ++++  Agglomeration  regional production of new knowledge (Acs et al,, Research Policy
2002)
et Knowledge Was technologlca} relatedness at the city leyel a Industrial and
10s S+ spillovers driving force behind technological change in 366 Corporate
P ) US cities from 1981 to 2010? (Boschma al., 2015) Change
Innovation To wh b . firm knowled
Man agement Strategic O what egtegt there aFe 1nl?er 1irm knowleage 3.””% Mzmdg.
90s . transfers within strategic alliances? (Mowery et al.,
/ alliances 1996 Journal
Performance )
Median year: 00 bt Dynamic What are the effects of a firm's network of relations — Adwin. Science
2012 s capabilities on innovation? (Ahuja, 2000) Quarterly
bt RCVI.CWS research on open innovation tlr}atE 7. of Product
Open considers how and why firms commercialize .
10s +++++ . . . Innovation
Innovation external sources of innovations (West and Bogers,
++ Manag
2014)
Pat-methods . Do highly cited patents have more economic value? Rewei'p J
90s Indicators o 7 Economics and
(Harhoff et al., 1999) .
Statistics
Median year: Network Are the number of refert?nc?s to the patent .
2014 00s ++ analvsi literature as well as the citations a patent receives )
ysis positively related to its value? (Harhoff et al., 2003) Research Policy
10s +++++ Citation Discusses the uses of patent citation data in social J- of the Assoc.
++++ analysis science research. (Jaffe and Rassenfosse, 2017) Jor Inf.
8. Science and
Tech.
Green ) 90 Environmental =~ What are the effects of environmental regulations . of Economic
Innovation s regulation on the competitiveness of firms? (Jaffe et al., 1995) Literature
e v Lof
Median year: Induced \X/h'at' are the .ﬂght em.fl?ton.rnental 'and technology Environmental
00s + . . policies for climate mitigation? (Fischer and .
2014 innovation Economics and
Newell, 2008)
Management
10s bt Eco- Can directed technical change be used to combat J. of Political
innovation climate change? (Aghion et al., 2016) Economy

Note 1: The amount of publications per decade in 34 column is calculated based on the cluster analysis in section 4.4
(bibliographic coupling); Each “+” corresponds roughly to 20 publications; Note 2: There are 629 publications citing Griliches
(1990) that were not assigned to any stream. Note 3: The top3 keywords were obtained by: 1) analysing Fig. 9; 2) ranking all
keywords appearing in the publications in each WoS category; dropping the less frequent ones (less than 2% of publications);
calculating the Bella Ballassa index for each keyword by having as a denominator the total number of occurrences of that
keyword in the sample; 3) comparing top keywords in 1) and 2). The top3 keywords in each theme should not be seen as the
most frequent ones (those are in all categories “innovation” and “research-and-development”), but the keywords that are specific
to the category (relative specialization). Note 4: The articles in the 5t column were selected based on the analysis of the most

highly cited articles in each period (Fig. 10)
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4.7. Emerging trends

While our approach allows us to capture the main streams of research that cite Griliches (1990),
and some of their key characteristics (topics, highly-cited papers, journals), over three decades, it
only brings us so far in terms of understanding what are the new trends of usage of patent data.
Therefore, we carried out a sensitivity analysis looking into recent studies. In order to guide our
search, we analyse the latest research articles (2019 and 2020) citing Griliches (1990) and we match
them to the five research streams that were previously identified in section 4.4. We complement
this analysis by also including highly-cited articles from 2019 and 2020 found using the query that

generated the results presented in Fig. 3, which fit our five streams.?®

As far as the Economic growth is concerned, we witness the continuation of the trajectories related
to the use of endogenous growth models to understand long-run research problems and,
increasingly, the relations between finance and innovation. Recent studies include Anzoategui et
al. (2019) who implement an endogenous growth model to examine the hypothesis of secular
productivity slowdown, and Diebolt and Hippe (2019) who rely on patents to analyse the historical
impact of human capital on innovation. At the same time, some studies have capitalised on novel
combinations of creative data sources like innovation announcements, analyst forecasts,
newspaper items, and stock market valuation (Billings et al., 2020; Hussinger and Pacher, 2019).

Thus, historical work and new indicator combinations appear to be extending this trajectory.

Some recent explorations regarding local and global innovation patterns can also be seen as
stretching forward the Geography of innovation stream. Ever richer patent datasets have been used to
identify major innovation clusters as well as to map and measure co-inventor networks (Balland
et al., 2020; Graf and Broekel, 2020; Grashof et al., 2019; van der Wouden and Rigby, 2019). Other
developments have been a trans-territorial focus on inventor mobility, migration and diasporas
(Bell et al., 2019) and the place-based dynamics of university-industry interactions through student
spin-offs and academic inventors (Breznitz and Zhang, 2019; Quatraro and Scandura, 2019). In
other words, this research strand is being stretched by the usage of more detailed data and mobility-

sensitive approaches.

In relation to the Innovation management/ performance stream, patents have been used recently to
profile and evaluate the rise and influence of a number of characteristics/settings, namely business
models and innovation practices. Examples include the influence of automation (Furman and

Teodoridis, 2020), digital technologies (Forman and Goldfarb, 2020), openness to external

26 We read the titles and abstracts of all publications citing Griliches in 2019 and 2020, plus the titles and abstracts of the top10%
highly cited publications (as of April 29, 2021) in 2019 and 2020 using our Fig. 3 query.
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knowledge (Subtil Lacerda and van den Bergh, 2020; Wang et al., 2020), corporate governance
forms (Chemmanur et al., 2019; Custédio et al., 2019; Flammer et al., 2019; Lépez and Vives,
2019), and team size (Wu et al., 2019) and a diversity of public policies such as R&D subsidies,
direct governmental alliances and public procurement (Atanassov and Liu, 2020; Bellucci et al.,
2019; Buchmann and Kaiser, 2019; Clo et al., 2020; Crespi and Guarascio, 2019; Doblinger et al.,
2019). That is to say, this stream is being propelled forward by incorporating more holistic

frameworks, namely from the business and cross-organisational/trans-sectoral perspectives.

There are also novel developments in the creation of patent data sources and methods, which can
be seen as enhancing the Parmethods trajectory. For instance, the application of text-mining
techniques (e.g. natural language processing, semantic-based analysis) is opening possibilities to
analyse the entire technical content available in patent documents so as to provide information
regarding novelty, impact and research-innovation interaction (Arts et al., 2020). There also has
been a re-vamping of patents to build new indicators that transform qualitative into quantitative
data and to studying hard-to-measure disruptive innovations like artificial intelligence and FinTech
(Fujii and Managi, 2018; Lerner et. al., 2020; Rizzo et al., 2020;). Likewise, the distinctiveness of
the patent contents has been further explored, looking for example into standard-setting patents
(Bekkers et al., 2020) or the citation distributions of patents and its methodological implications
(Kuhn et al., 2020). Other work has emphasised new uses of patent meta-data, namely regarding
the activity of examiners themselves or judges’ allocation in court disputes (Righi and Simcoe,
2019). Hence, this research stream is being fuelled by new big data techniques, while niche-type

institutional aspects of patents are entering to the fore more systematically.

Finally, the Green innovation stream is becoming ever more vibrant and diverse. Recent studies look
at the nature and impact of green innovation (Barbieri et al., 2020; Perruchas et al., 2020), factors
influencing innovation in renewable energy technologies (Lin and Chen, 2019; Sun et al., 2019),
the interplay between firm characteristics and the advance of cleaner solutions (Leoncini et al.,
2019), and the effects of environmental innovation on climate change (Du et al., 2019; Tébelmann

and Wendler, 2020).

Opverall, three decades on, it would seem that lots of mileage is yet to be obtained from patent
statistics (either in terms of methods or applications) and also that Zvi Griliches’ classic paper is
still a leading light. Patent usage is contingent on the appearance of both new research problems
and research methods, which have moved well beyond the econometrics of R&D. The five
research streams we identified seem to point to main pathways through which the analytical value

of patents has been, and continues to be, appropriated.

30



A final word by Griliches himself can perhaps be gleaned from a “time capsule”. In the end of a
“warm-up” session at the Brookings Institution to his 1990 contribution, we have the minutes of
the debate than ensued. In noting that the diffusion process that takes place after a major
breakthrough, Griliches (1989, p. 330) said: “it takes a long time for these ideas to be put into
effect in enough places to have a significant impact on productivity in the alleged time frame”
Indeed, so much could be said his path-breaking work on using patents to relax the data constraint
in the study of innovation. In the end of the day, his insights were appropriated (absorbed but also
adapted) by a variety of players and through a number of streams of research pursuing different

analytical routes and aiming at different goals.

5. Conclusions

In an interview, Zvi Griliches said that “It’s interesting to model how the knowledge spreads”
(Krueger and Taylor, 2000). In our paper, we tried to understand how learning induced by
Griliches (1990) impacted the practices and agendas of the academic community. Our review of
the literature on the empirics of patent analysis differs significantly from previous ones, as we
carefully examined three decades of research through a comprehensive analysis of the citation tree
of a crucial contribution. Moreover, we offer an up-to-date taxonomy of the research trajectories:

a prism on innovation studies through the perspective afforded by patent data.

Appearing at the turn of a new decade in which market-driven globalisation and technology-based
competitiveness would be key, Griliches (1990) became a springboard for the development of the
empirical study of economic and societal change. This paper, produced by an already famous
American expert on technical change and delivered in a top mainstream economics journal, hit a
nerve: the computer revolution was well under way, facilitating the availability and processing of
the data, and the world economic environment was at a turning point, providing the motivation
to understand new trends of competition and cooperation from a knowledge-based perspective.
The empirical value of patents, which he decisively helped to unleash, can be partially but firmly
grasped by the sheer volume, prominence, variety, and profile of the subsequent research. Overall,
we found that Griliches (1990) was cited by nearly 2,000 papers in almost 400 different journals in

WoS from 1990 until 2019, suggesting a very deep imprint and broad spectrum of influence.

From a bibliometric perspective, the analysis along two main dimensions yielded the first results.
On the one hand, the geographical dimension reveals a prolific US-based cluster of contributions
and a couple of European-based clusters (conspicuously an Italian-French cluster and a Belgium-

Dutch-German cluster), while Chinese researchers are a recent but productive entrant in this kind
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of literature, seemingly collaborating mostly among themselves. On the other hand, a disciplinary
dimension reveals that economics and management studies remain hegemonic throughout the
period, but with environmental and regional studies increasing their importance over time. That
is, we learn that the research referring to patent data achieves wide reception and high notoriety in
a variety of areas (in the Western hemisphere, and increasingly in the Far East), but also that it
recently attracted interest from emerging fields (especially those concerned with geography and

the environment).

From a content perspective, keyword trends and bibliographic coupling patterns yielded further
insight. We detect five distinguishable research streams that use and/or discuss patents as
indicators. The vast majority of the research seems to be on issues related to Innovation
management/ performance (around topics such as “dynamic capabilities” and “strategic alliances”),
Geography of innovation (e.g. “knowledge spillovers”, “agglomeration”), and Economic growth (e.g.
“productivity growth”, “competitiveness”). However, a Pat-methods stream is also discernible,
which dabbles on several methodological issues and techniques (including citation networks or
text mining) which have been contributing to get new insights from patent analysis. Finally, new
research rising in importance in recent years is related to Green innovation (e.g. “renewable energy”,
“eco-innovation”), a distinct stream that has gained prominence and addresses what will be a

defining global challenge in the 21st century.

The examination of the scientometric life of Griliches’ survey adds, updates and brings a systematic
overview to what is being practiced in terms of patent-based empirical research. Our contribution
provides evidence that patents as an indicator are quite elastic and adaptable as time goes by. The
tracking of the citation tree of Griliches (1990) over time shows that patents, which in the original
terminology of Griliches were seen as “economic statistics”, have become better understood as
“innovation indicators” serving a variety of research agendas. Patent statistics were introduced to
economic analysis within a given context, specifically those already developed countries from the
Northern hemisphere specialised in high-tech industries. Nonetheless, the research programme
was able to incorporate the needs of new global actors, like communities of researchers in catching-
up countries, and the growing concerns stemming from sustainability pressures. In sum, the
agenda initially articulated by Griliches (1990) has been expanding continuously, and although
there are at least five discernible streams constituting the dominant research trajectories, it is also

clear that patent data can be continuously repurposed.

Several caveats must be borne in mind with regard to our study. First, in sections 4.1-4.6 our

dataset includes only publications that cite Griliches (1990) on WoS database between 1990 and
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2019. We do not include publications from authors that use or discuss patents in their work and
did not cite this paper. Additionally, although we rely on clustering techniques together with
reasoned interpretation to identify research trajectories, the research streams could be examined
at a more detailed/fine-grained level which might reveal some other sub-streams. Also, in section
4.7 we choose publications partially based on the number of citations they received until April 30,
2021 meaning that, since the time citation window is very limited, we might certainly be miss out
other relevant “emerging” themes in our analysis. These shortcomings, in turn, point to
possibilities for further research. First, the bibliographic material can be expanded. Second, other
clustering algorithms may be trialled. Third, less restricted methods for identifying new trends in
patent analysis will allow further contributions regarding the widening uses (and abuses) of patent

data.

Griliches saw himself as an empirical scientist concerned with the analysis of real data. In his 1994
Presidential address to the American Economic Association, he referred to what was perhaps his
major legacy. Despite acknowledging that “our understanding of what is happening in our
economy (and in the world economy) is constrained by the extent and quality of the available data”
(Griliches, 1994, p. 2), he clearly set an agenda for doing something about it. According to him,
progress was attainable by paying adequate attention to how data is produced, the institutional
underpinning of the sources of chance and, importantly, to the productivity promise of technical
progress to both the economy and its study, namely through the application of the increasing
computational capabilities. In what concerns patent data, he was well aware of methodological
problems. But like the proverbial image with which he ends his Presidential address, he thought
to be misleading to see the glass half full; then as now, “the glass keeps growing” (Griliches, 1994,
p. 18). The same can be said about the reservoir of possibilities yielded by patents after his call to
arms. There was much to learn regarding patent statistics back then; but more is there to learn as
the knowledge frontiers keep expanding. Indeed, in the introduction of the book collecting a
number of his foremost papers, Griliches (1998, p. 10) remarked about his 1990 survey: “I was
under the illusion that we had mined out this topic and was closing the subject.” Fortunately, as
our contribution shows, and thanks to the lessons that can be traced back to his own work, the

subject is far from being closed.
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3. Appendix

Figure Al. Clusters of publications citing Griliches (1990), based on their bibliographic coupling
links. 1990-2019
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