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ABSTRACT

The aim of this paper is to provide new insights into (1) the determinants of the value of
inventions and (2) the role that mobility plays in the behavior of prolific inventors, whom
we identify based on the number of patents exceeding a threshold of productivity. We
examine mobility in two dimensions: from firm to firm (inter-firm) and from one technical
field to another. We exploit data on patents filed by inventors from five countries (France,
UK, Germany, Us and Japan) in the uspToO during the period from 1975 to 2002. From our
regressions, we show that: (1) as predicted by evolutionary theory, inventor productivity
is a positive determinant of invention value, (2) inter-firm mobility is a consistently posi-
tive determinant of productivity and (3) technological mobility is a negative determinant.
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RESUMEN

El objetivo de este articulo es proporcionar un nuevo entendimiento de 1) las determinan-
tes del valor de las invenciones y 2) el papel que juega la movilidad en los inventores
prolificos, identificados como tales con base en el numero de patentes que exceden el
umbral de productividad. La movilidad es examinada en dos dimensiones: de firma a fir-
ma (interfirma) y entre campos técnicos. Se utilizan datos de patentes registradas por in-
ventores de cinco paises (Francia, Reino Unido, Alemania, Estados Unidos y Jap6n) en la
usPTO durante el periodo de 1975 a 2002. Los resultados de las regresiones muestran que
1) tal como predice la teoria evolutiva, la productividad de los inventores es una determi-
nante positiva del valor de la invencion, 2) la movilidad interfirmas es una determinante
consistentemente positiva en la productividad y 3) la movilidad tecnoldgica es una deter-
minante negativa.
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INTRODUCTION: IMPORTANCE OF HIGHLY PRODUCTIVE INDIVIDUALS IN
THE PROCESS OF TECHNOLOGICAL CHANGE

The aim of this paper is to provide new insights into the determinants of the value
of invention. Our basic assumption is that individuals must be considered in this
creative process because innovation is not simply a product of firms and organiza-
tions, it requires individual creativity. Furthermore, we focus our analysis on pro-
lific inventors because they contribute so hugely to national invention totals (Le
Bas et al., 2010) and tend to produce inventions that have more economic value
(Gambardella et al., 2005; Gay et al., 2008). Recent studies have shown how in-
dividuals within the firm help it to cope with technological change. The role that
individuals play in firm imitation, adaptation and innovation can be understood by
drawing on results and analyses provided by the sociology of science. That litera-
ture has generated conflicting viewpoints regarding the importance of “key” very
productive individuals in the development of scientific knowledge (noted in parti-
cular by Hess and Rothaermel, 2007; see also Latham and Le Bas, 2011).

In innovation theory, prior research has demonstrated that certain indivi-
duals are very important to a firm’s innovation activity (Lacetera, Cockburn, and
Henderson, 2004; Rothaermel and Hess, 2007; Zucker, Darby, and Torero, 2002).
A similar idea is frequently found in strategic management studies: particular in-
dividuals are often crucial resources contributing to a firm’s competitive advanta-
ge (Tushman and Katz, 1980; Coff, 1997). The role of key individuals or star
employees has been documented by academics (Ermnst et al., 2000'; Tushman,
1977; Zucker, Darby, and Torero, 2002) and goes back to the famous Lotka-Price
Law of Scientific Knowledge Distribution. In general, the productivity and value
of important individuals is related to the degree to which the individuals are con-
nected to both internal and external sources of knowledge (Allen, 1977; Tushman
and Katz, 1980; Zucker and Darby, 1997). Hess and Rothaermel (2007) have tried
to develop a framework emphasizing that the firm’s dynamic capabilities, as ela-
borated by Teece et al. (1997), are dependent on the individuals within the firm
and on their roles in technological innovation.

As far as prolific inventors are concerned, we propose that they act as
“knowledge integrators” (Gay et al., 2008). As knowledge workers, they play a

! According to Ernst’s definition, key inventors are those who are both “industrious” and “tal-
ented.” In his classification of inventors, an inventor with a great number of inventions could be a
key inventor (if his/her patents are very valuable) or could be an industrious inventor, if the quality
of inventions is not as high.
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prominent role in the design, development and integration of pieces of knowl-
edge within a department of research in their invention team or network. Prolif-
ic inventors and their engineering knowledge are essential. They increase the
rate at which individuals and organizations learn and consequently achieve sus-
tainable competitive advantages. Prolific inventors are innovation “champions”.
Through their professional mobility they can be viewed as “knowledge transla-
tors” or “knowledge brokers” (Brown and Duguit, 1998) between firms, organi-
zations and communities. They help transfer pieces of knowledge through the
different communities with which they interact at one or at several different
points of time. Thus, it seems to us that prolific inventors are basically “science
gatekeepers”. Gatekeepers are individuals with specific characteristics.

Tushman and Katz (1980) provide a well-known description of gatekee-
pers as “boundary spanning individuals who can be an important linking mecha-
nism between organizations and their external environments.”? They explain the
role of gatekeepers in the transfer of information to a single R&D division by com-
paring the performance of project teams with and without gatekeepers. Gatekee-
pers perform a linking role only for projects performing tasks that are locally
oriented (meaning development-oriented tasks). Allen et al. (1979) analyze how
research and development projects effectively acquire new technology. Projects
show higher levels of performance when all project team members maintain high
levels of communication with colleagues outside their organization. Innovation
projects show higher performance when external communications are monopoli-
zed by one or a few project members: in short, the gatekeepers. They say:

The gatekeeper seems to be an offspring of technological needs and organiza-
tional conditions. Because technological problems are defined in local terms,
reflecting the firm’s interests and strategy as well as its value system, most tech-
nologists have difficulty in communicating effectively with outsiders about tho-
se problems. Fortunately, however, often there appear to be a few individuals
who maintain consistent ongoing contact outside their organizations, who un-
derstand the way in which outsiders differ in perspective from their own organi-
zational colleagues, and who are able to translate between the two systems
(Allen et al., 1979: 703).

2 Hess and Rothaermel (2007) note that gatekeepers serve to bridge organizational and environ-
mental boundaries in order to act as an information filter by evaluating and streamlining knowl-
edge flows.
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These researches note that the gatekeeper’s “role is of greater importan-
ce when the technology is ... sophisticated” (Allen et al., 1979). Parichuri (2009)
has shown that the relative importance of these inventors varies with the firm’s
location within inter-firm networks. In previous papers we have presented argu-
ments justifying the choice of prolific inventors (Le Bas et al., 2010).

In this paper we test if some inventors’ characteristics (their inventive
productivity, their mobility) impact the value of their inventions. As in previous
papers (e.g., Le Bas et al., 2010) we identify prolific inventors as those who
have been issued at least 15 patents by the United States Patent and Trademark
Office (upsTO) between 1975 and 2002.

Previous studies of prolific (or “key”) inventors have focused more on
the firms in which they work or on the industries in which the firms operate.
Narin and Breitzman’s (1995) seminal work on the topic is based on an analysis
of only four firms? in a single sector and a recent paper by Pilkington et al.
(2009) uses data for only two industries.

We have adopted a different perspective in our analysis. We use a very
large data set which permits comparisons across thousands of inventors in thou-
sands of firms in the five largest countries in terms of technological activities
(France, United Kingdom, Germany, United States of America and Japan) to
estimate the determinants of inventive productivity at the individual level, in-
cluding the effect of inventor mobility on inventor productivity.

The paper is organized as follows: Section 1 delineates our theoretical
framework and suggests hypotheses to be tested, Section 11 presents the defini-
tions of variables and some related measurement issues, Section 111 describes the
empirical model, estimation issues are discussed in Section 1v and the discus-
sions of our results is in Section v. Finally, wes set out conclusions and sugges-
tions for further research.

I. AN EVOLUTIONARY FRAMEWORK: THE LAWS OF INVENTOR
PRODUCTIVITY AND VALUE OF INVENTION

The point of view developed here finds its roots in the analysis of the growth of
knowledge by recombination, systematically described first by Weitzman (1996);

3 In defense of Narin and Breitzman’s use of individual firms we note that Ernst, Leptein and Vitt
(2000) recommend that “because of variations in the propensity to patent across firms and indus-
tries, key inventors should be identified within their company’s organizational framework only.”
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Fleming (2001) and Antonelli (2008). In his approach, the production of new
knowledge is a process that cannot be modeled in general by analogy with the
“discovery of new oil fields”. Instead, new knowledge is often produced by a re-
combination of scattered existing bits of knowledge. Weitzman (1996) supports
his view with the following examples:

The idea of an “electric light” is itself a hybrid, the first practical example of
which was made in 1879, between the idea of “artificial illumination” and the
idea of “electricity.” The idea of an “electricity production and distribution net-
work” was conceived by Edison in the 1880’s as an explicit combination of the
idea of “electricity” with the idea of a “gas distribution system,” where electri-
city is essentially substituted for gas (Weitzman, 1996: 209).

His basic idea is that the expression of human imagination is “recombi-
natoric in essence.” We find this same important concept in Fleming and Szigety
(2006), for whom the same mechanisms of creativity apply both in science and
in technology. They start their analysis with a psychological model first elabora-
ted by Simonton (1999). Inventors generate new ideas through combinatorial
thought trials subject to psychological and social selection processes (Fleming,
2007). They note that individuals who simultaneously juxtapose, combine, and
evaluate a stream of uncombined inputs will be more creative. Generative creati-
vity is the assembly or rearrangement of existing components into new combina-
tions. The more the inventor tries recombinant actions, the more he/she increases
the likelihood of a productive hit. As a consequence we hypothesize a correlation
between an inventor’s total output and the likelihood that he/she finds inventions
with high impact. “A one-hit wonder is very unlikely [...] The most prolific in-
ventor is the one most likely to invent a breakthrough” (Fleming and Szigety,
2006: 340).4

* Fleming and Szigety (2006) make an inventory of the factors (technological and social-psy-
chological variables) that have an influence on “the second moment of the creative outcome distri-
bution” and, consequently, also affect the propensity to create breakthroughs. For example, among
the important variables that have an expected positive impact on the variance of the distribution
are: diversity of collaborators, dissolution of collaborative relationship, and changes of creative
fields: as has been noted by many researchers, an inventor cannot invent alone, he/she invents col-
lectively and within an “ecological context.” As a consequence, there are organizational influences
on the evolution of the distribution of inventive behavior as well. Fleming (2007) finds empirical
results in favour of this thesis.
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The important output of such an analysis with respect to model of Weitz-
man (1996) is that it predicts a relation between inventor productivity and the
economic value of the new bits of knowledge produced. The new bits of
knowledge may be embodied in inventions. Thus, one can examine the behavior
of inventors and the value of their inventions to find evidence of the Weitzman
model’s validity. This reasoning leads us to our first testable hypothesis:

H1. The more productive an inventor is, the more valuable his inventions will be
on average.

Recent strands of the literature dealing with invention value have propo-
sed the strategic importance of inventor mobility as linked to invention value.
The scale, determinants and effects of inventor mobility have been analyzed re-
cently by Hoisl (2007, 2009), Schankerman et al. (2006), and Trajtenberg, Shiff,
and Melamed (2006), among others. Hoisl (2007) using European patents (a sur-
vey of 3 049 German inventors), finds that an increase in inventor productivity
(number of patents per inventor) decreases the number of moves from firm to
firm. She tests the causality of the productivity of inventors on inventor mobility
and finds that more productive inventors are not more mobile from firm to firm.
For Hoisl, a move increases productivity (number of patents) but an increase in
productivity decreases the probability of observing a move. Hoisl has investiga-
ted the differences in gains from a move between high and lower performing in-
ventors. This point is particularly crucial for us because we want to assess the
role of prolific inventors’ mobility on their performance. Hoisl (2009) finds that

inventors at the upper end of the performance distribution (our prolific inven-
tors) are better able to benefit from a move to draw level with or to overtake
non-movers in the post-move period. Whereas at the bottom of the performance
distribution a higher level of education has a positive impact on inventive per-
formance, education does not matter significantly at the upper end of the perfor-
mance distribution.

Schankerman et al. (2006) have studied the mobility of inventors using
patents in the software industry in the us. Their findings are in accord with
Hoisl’s: they show that the very productive inventors have a decreasing probabil-
ity of moving between assignees as their careers progress (Schankerman et al.,
2006: 26). As far as value of inventions is concerned, Trajtenberg, Shiff, and
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Melamed (2006) showed that inter-firm mobility is related to inventors’ patents
that are more technologically focused (more concentrated in technological cate-
gories) and those having more value (i.e. more cited). He pointed out that the Is-
raeli inventors who tend to move more frequently both across countries and
between assignees have the most highly-cited patents. But he concludes that the-
re exists an endogeneity problem: we cannot determine whether it is the (high)
value of invention that provokes the move or if it is the learning effect due to the
move that tends to increase the invention’s value. Schankerman et al. (2006) dis-
cuss the issue of inventor mobility in the framework of an inventor-employer
matching process in the software industry. Asymmetric information between em-
ployer and employee about the value of an invention should be a relevant incen-
tive for a move. They finally argue:

We did not find support in the data that mobility is a matching process between
the inventor and his employer, and that the quality of the inventor’s patents in-
creases after a move. If any, there seem to be some short term costs of mobility,
which seem lower when moving to a larger firm.

We extend these studies by considering prolific inventors, the source, as
we will show, of most innovation in the five countries, using several indicators of
mobility as well as indicators of productivity and the value of inventions. In this
paper we focus only on inter-firm mobility and technological mobility.’

Our model of knowledge creation through recombination takes into ac-
count the empirical evidence reviewed as follows: We suppose some bits of pri-
mary knowledge exist in the first time period. Through the process of
recombination, some new bits of knowledge are created in the next time period.
Note that the bits of previous knowledge that enter into the process of recombi-
nation continue to exist as useful knowledge. Significantly, the process of recom-
bination does not stop in the second time period. It goes on. In this way, in the
next time periods we will have additional new bits produced. The recombination
process becomes more complex: it combines bits of recomposed knowledge with
bits of “raw” knowledge. We think that the new elements of knowledge have
more value than the primary bits of knowledge.

> We use the terms technical and technological interchangeably. Latham et al. (2011) present
preliminary analysis of the scale of inventor geographic mobility for three European countries.
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The knowledge that is used in recombination is both explicit and tacit.
Codified explicit knowledge circulates, in general, through publications. The
part that is tacit in nature is important in the process of recombination. Its struc-
ture depends on local factors such as firm organization, core technological com-
petences of a region, etc.) and its diffusion is generally through the mobility of
experts including inventors.

Inventors work in firms that are part of industries that are located in par-
ticular regions. We hypothesize that the set of bits of “primary knowledge” exis-
ting at the period of time under observation are different according to these
“places” (firms and industries as well as geographic regions). It may be that some
bits or elements are common across places, but some are different. By moving
(from firm to firm or from region to region) the inventor can get new bits of ideas
that enter into the evolving processes of recombination. Before moving, he might
decide that he has exhausted the opportunities for successful recombinations in
his current location. By moving, he may find new fields for hybridizing or new
avenues for creating new economically valuable inventions. He retains the bits
of knowledge he had accumulated at the previous place but now works in a new
knowledge environment. His potential for recombinations has become higher.
Moreover due to social ties knowledge interactions persist even after formerly
co-located individuals are separated after moves (Agrawal et al., 2000).

Inventor mobility has always been recognized as a key mechanism for
transferring tacit knowledge from one place to another between firms, industries,
regions or countries (see Agrawal et al., 2006). But a move is also a way to learn
more, or to learn more quickly. In this sense, mobility does not simply transfer
knowledge from place to place as a spillover, but also increases the capacity to
solve problems and basically increases the human capital of knowledge. Mobili-
ty as a mean for knowledge diffusion and extension matches the knowledge “re-
use” approach of Langlois (2001), a type of increasing economy of scale at
the core of economic growth process. Thus, we expect that mobility affects: (1) the
productivity of prolific inventors, as measured by their average number of inven-
tions per year over their active inventive lives, and (2) the value of their inven-
tions, measured as the number of citations a patent receives in the years after its
application is filed.® As a consequence we hypothesize:

¢ Harhoff et al. (2003) have shown that the number of citations is a good proxy for the value of
a patent.



THE COMPLEX RELATIONSHIP BETWEEN VALUE OF INVENTION

H2. Following a move (from firm to firm, or from region to region), an inventor’s
productivity increases.

A corollary is:

H2’. An inventor who moves a lot is more productive than an inventor who mo-
ves less.

I1. VARIABLES: DEFINITION AND MEASUREMENT ISSUES
1. Measuring “prolificness”

The distribution of number of patents by inventors is clearly not “normal”; in
fact, it is highly skewed, with most inventors having few inventions and a few
inventors having many inventions (Latham and Le Bas, 2011). Other research
cited above established that prolific inventors produce more valuable patents (as
measured by citations). We focus on these prolific inventors as the ones most
valuable in contributing to economic development and seek to understand the
determinants of their mobility. No theory leads to a clear delineation of the num-
ber of patents needed to qualify an inventor as “prolific.” We use 15 patents to
identify prolificness, a number that takes us far to the right in the distribution of
numbers of patents by an inventor. Our models are robust to variations in the
threshold for identification of prolificness: we have estimated our models based
on larger and smaller thresholds and do not find dramatic changes as the thres-
hold for identification changes between 10 and 20 patents, so the use of 15 is
adopted without concern for that selection affecting the results significantly.’

2. Accounting for inventor career effects

In our dataset we observe that there are some inventors with careers of patenting
that span many years and others whose fifteen or more patents are all produced
in a very short period. To account for this variation we measure the duration of
an inventor’s career (the number of years from the inventor’s first patent applica-

7 Latham and Le Bas (2010) provide additional justifications for the use of the 15 inventor
threshold to identify prolific inventors.
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tion to the last) and adjust other effects for duration. We use duration to compute
productivity, value, and inter-firm mobility on a per year of career basis.

Some investigators (e.g., Hoisl, 2006, 2007; Schankerman, Shalem and
Trajtenberg, Shiff, and Melamed, 2006) have tracked the numbers of patents
and/or the numbers of citations that an inventor has prior to a move from one
firm to another. Moves are assumed to be based only on past performance. We
adopt a different approach, essentially assuming that the number of inventions
that an inventor eventually produces is a measure of the potential that the inven-
tor has always had. We assume that employers make rational (mostly accurate)
predictions about the future productivity of inventors when they are hired. This
assumption allows us to compute single measures of productivity or average ci-
tations per patent for each inventor.

3. Measuring inventor productivity

The simplest measure of an inventor’s productivity is the number of patents he
obtains (patent grants) over a career. We adjust this for the career length to obtain
the average number of patents per year as our productivity measure.® We add to
the simple average a measure of the dispersion of patenting activity over the
inventor’s career. The measure we use in our analysis is the inverse of disper-
sion; it is the Herfindahl-Hirschman Index (HHI) for the time pattern of the num-
ber of patents in each year. We might have chosen the n-year concentration ratio
instead, but the HHI more appropriately gives extra weight to years of higher
concentration.

4. Measuring the value of an inventor’s inventions

Ideally, one would measure the value of a patent through market-based metrics,
such as the actual prices paid for them or the increase in the value of a firm in
response to the acquisition of a patent. However, such measures are not available
except for limited numbers of patents. The research literature on patents has, in
the absence of any other measures for large patent data sets, accepted the number

8 Alternatives might include the number of patent applications instead of grants, or the number
of design and utility patents. If we could track every inventor’s applications, we would use the ap-
plications count together with the patent count. However, we do not have the applications data.
Fortunately, the number of patents per year is intuitively appealing, easily understood and com-
puted and has been widely used by others, so it is our choice.
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of citations a patent receives as a good proxy for the value of that patent. Harhoff
et al. (2003) have shown that the number of citations is, in fact, a good proxy for
the value of a patent. Therefore the value of all of an inventor’s patents can be
measured as the total number of citations his patents have received. An inventor’s
value can alternatively be viewed as his total number of citations, his average
number of citations per patent, his average number of citations per year or his
average number of citations per patent per year. The total number of citations fits
with the concept of an inventor’s potential but, just as with productivity it needs
to be corrected for the duration of a career so the number of citations per year is
a good measure. It is our primary measure of value but we also consider the
number of citations per patent and the number of citations per patent per year.

5. Measuring inter-firm mobility

The simplest way of identifying inter-firm mobility (a move within the industrial
structure from one firm to another) is to count the number of firms for which an
inventor has worked and assume that the number of moves is this number minus
one.” However, this approach does not allow for the movement away from a firm
and a subsequent return to it. Nor does such a measure consider the temporal
pattern of the inventor’s association with different firms. Another type of measu-
re that might have been used is a measure of concentration, either the percentage
of patents at n firms with the highest percentage (an n-firm concentration ratio)
or a HHI that accounts for the variability in the distribution of patents across
firms. However, these measures also fail to consider the sequential temporal pat-
tern in any way (in the same way that a simple count of the number of firms also
does not consider the pattern).

Still another way to measure inter-firm mobility is to list an inventor’s
patents chronologically and to count a move each time the assignee of the patent
changes. Such a count results in the maximum possible measure of the number
of moves that an inventor makes. Under this definition a single inventor in our
dataset would be said to have moved 53 times. Such a high level of mobility may

® We assume that the assignee listed on a patent is an inventor’s employer. Hoisl (2007) con-
cluded that, at least in Germany, it is safe to assume that the inventor worked for the assignee stat-
ed in the patent document. In our data, we have assignee names which we equate with firm names.
Changes in assignees may be the result of a merger of firms or a change in the name of a firm or
movement from one subsidiary of the same firm to another. Such changes would be inter-assignee
and not inter-firm. We hope to address these issues in future work.
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correctly represent the inventor, but certain patterns in a list of assignees seem to
call that definition into question. For example suppose that Inventor # 1 assigns his
first patent to firm A, the second to firm B, and the third to firm A, the fourth to firm
B and so forth through the assignment of the tenth patent to firm B. Inventor # 2
assigns her first five patents to firm A and the next five to firm B. Inventor # 1 will
be counted as having nine moves while Inventor # 2 will have only one move.
Surely this result does not adequately capture a strong sort of mobility well. In
attempting to deal with this problem we have measured moves in several alterna-
tive ways. In the alternatives we consider whether or not the inventor returned to
a prior assignee within some specified period of time. If so, we do not consider
the temporary or transient change in assignee to be an indication of a strong va-
riety of mobility. We consider a two year persistence of a change to qualify for a
move. We know the numbers of moves measured under this definition will be
smaller than under the first definition. In our various procedures we have attemp-
ted to avoid describing what Hoisl (2007) identified as “false mobility.” In re-
sults not reported here we have used several of these alternative definitions of
mobility and have found, surprisingly, that our results are not sensitive to the
definition of mobility.

6. Measuring technological mobility

Technological mobility of inventors refers to the fact that an inventor’s patents
are not all related to the same technological field (or class) over a career. Techno-
logical mobility witnesses the fact that an inventor worked on industrial research
projects having different technological cores. We interpret this as evidence of
“movement” from one particular technological field to another, or simply as
“mobility.” We could instead, and perhaps more appropriately, refer to an
inventor’s “level of technological specialization”. In the interpretation of our re-
sults we can say that an inventor with low technological mobility is very specia-
lized (as far as his technological competences are concerned), and conversely
high mobility implies a lower level of specialization. Another term that we can
use in this context is “intellectual mobility,” which emphasizes the mental capa-
city of individuals to change the focus of their thinking as their inventive activi-
ties change from one technological field to another.

Among the possible measures of technological mobility of inventors that
we considered were a count of the number of different technological fields in
which an inventor has worked and the number of changes from one technologi-



THE COMPLEX RELATIONSHIP BETWEEN VALUE OF INVENTION

cal field to another. These measures are similar to the inter-firm mobility measu-
res discussed in the preceding paragraph. In the case of technologies, though, the
temporal pattern of an inventor’s patenting in different fields does not seem to be
of as much interest as the temporal pattern of inter-firm mobility. Consequently,
we determined that a concentration measure would be good. We considered tech-
nology concentration ratios for the single highest concentration field and for the
top 2 or other numbers. However, the HHI for technological fields appeals becau-
se of its greater emphasis (through the squaring of each field’s percentage) on
higher concentrations. We implemented the HHI at the level of six broad techno-
logical classes. '° Patenting in more than one of the 36 more detailed technology
fields (as defined in the National Bureau of Economic Research, NBER, data) was
observed to be very frequent and moves within the broader categories were also
observed to be very frequent. Thus, it seemed that the moves between the six
broad technology classes might be more indicative of real technological mobility
by inventors. We also identify the broad field within which each inventor has the
highest concentration of patents so that we can examine whether or not inventors
who concentrate in each of these categories have significantly different behavior
with respect to mobility, productivity and value.!!

7. The truncation problem

Our patent data begin in one year (1975) and end in another (2002). For inven-
tors whose entire inventive career falls within this span of years, there is no pro-
blem of bias from omitted years of activity before or after the sample period.
However, for inventors who were already active prior to the sample or who re-
mained active after the sample period, the truncation problem may be significant.
All of our measures such as career duration, citations and number of patents
could be underestimated if the sample truncates the careers of inventors. We

1% Our data come from the National Bureau of Economic Research’s compilations of data ex-
tracted from the uspTo files for 1975-2002 (Hall ez al. (2001) describe the methodology). The NBER
data assign each patent to one of six broad technology classes; the assignment is based only on the
first us Patent Class listed in the patent). The broad technology classes are: (1) Chemical, (2) Com-
puters & Communications, (3) Drugs & Medical, (4) Electrical & Electronic, (5) Mechanical, and
(6) Others .

! While the definition of a prolific inventor might arguably be different for each different tech-
nology class, because of differences in the nature of inventive activity in different industries, we
cannot implement such a procedure at the inventor level because inventors move from technology
to technology.
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have estimated our equations only for individuals whose patenting careers seem
to fall wholly within the sample (those who have no inventions prior to 1979 and
none after 1997). On the basis of this analysis, which showed no significant di-
fferences from the analysis including all inventors, we have not excluded for
possible truncation bias any individuals. While there are some individuals whose
patenting careers have been truncated, we are confident that our results have not
been significantly affected by their inclusion in the analysis.

IT1I. MODELS

In this paper we test a number of hypotheses about the relationships between and
among inventors’ productivity, their mobility in both the technological and the
inter-firm dimensions, and the values their patents create. The following four
equations express our conceptual empirical framework for testing these hy-
potheses:

Inter-firm Mobility = f'(Technological Mobility, Productivity, Value of Patents,
Temporal Patenting Pattern, Technical Field, Country) (1)

Technological Mobility = f (Inter-firm Mobility, Productivity, Value of Patents,
Temporal Patenting Pattern, Technical Field, Country) 2)

Productivity = f(Technological Mobility, Inter-firm Mobility, Value of Patents
Temporal Patenting Pattern, Technical Field, Country) 3)

Value of Patents = f (Technological Mobility, Inter-firm Mobility, Productivity,
Temporal Patenting Pattern, Technical Field, Country) 4

The parallel specifications of the equations are the result primarily of the
limitations of our data. For example, while we are well-aware that there are both
theories and empirical studies of productivity that highlight the roles of inven-
tors’ education and training, the capital available to them, the nature of the
rewards system and the role of institutional constraints such as retirement ages
and the nature of the patent system, we do not have those variables available to
us. Similarly for both mobility and the value of patents many other variables
have been suggested in theory and in other empirical studies. Consequently, our
work is not in the framework of those that attempt to propose and test compre-
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hensive theories of the determinants of productivity, mobility, or value. Instead,
ours is a partial approach. We examine the ways in which productivity, mobility
and value influence each other given our limited range of knowledge about other
variables. While we can include a few other variables as controls, such as the
temporal pattern of an inventor’s career, we essentially assume that all of the
omitted variables can safely be “held constant” for our analysis.

Chart 1. List of Variables (continues)

Variable Definition or formula to calculate

Observation Units Observations are individual inventors

Career Measures

Career_1st_year Year of first patent application (for a patent eventually granted)
Career_Last_Year Year of last patent application

Career_Duration Year of last patent application - Year of first patent application + 1
Career_ Prod_Years The number of years with at least one application

The maximum number of years between two consecutive

Career_Max_Gap applications

Productivity Measures

Patents_Number Number of patents

Patents_per_Year Patents_Number/Career_Duration

Patents_per_Prod_Years | Patents_Number/Career_ Prod_Years

Value Measures

Citations_Number Sum of all citations for the inventor’s patents
Citations_per_Patent Citations_Number/Patents_Number
Citations_per_Pat_per_

Yr Citations_Number/Patents_Number/Career_Duration

Patenting Pattern

Patent_Time_Conc Time Concentration = Share of patents in the year with most

patents

Patent Time HHI Herfindahl-Hirschman Index (= Sum of squared shares) for patents
per year

Patent Time_ Skew Skewness of patents per year distribution (NA if it cannot be
calculated)

Patent Time_Kurt Kurtosis of patents per year distribution (NA if it cannot be
calculated)

Technical Field 1D

Tech_Field_Dom Dominant field for inventor’s patents (among 30 two digit fields)

Tech_Field 2 Second dominant field if the number of patents in the top 2 is the
same

Tech_Field 3 Third dominant field if the number of patents in the top 3 is the

same
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Chart 1. List of Variables (conclusion)

Fourth dominant field if the number of patents in the top 4 is the

Tech_Field_4
same
Tech_ Field Wits Welght used to calculate “fractional allocations” of patents to
fields
Technical Mobility
Tech_Cat_Mobility_ 1 - Share of inventions in the dominant category at the six-
Conc technical-category level

1 - Herfindahl-Hirschman Index (= Sum of squared shares) for the

Tech_Cat_Mobility_HHI six technical category distribution

Number of moves from one of the six technical categories to
another

Tech_Field_Moves Number of moves from one of the thirty technical fields to another

Tech_Cat_Moves

Interfirm Mobility

Number of times the inventor changed assignees in the sequence
of his patents

Number of times the inventor changed assignees with more than 2
years since the last observed move

Assignee_Moves

Assignee_Moves_Adj

Chart 1 lists the variables that we have available for the analysis. For
each of the conceptual variables included in the four equations, this chart shows
that there are alternative specifications that can be used for most of our variables.
We do not have economic theory to guide either our selections of functional
forms of the equations (log, linear, etc.) or our selection of various ways of spe-
cifying the particular variables that we will use. In the end, we rely heavily on
the empirical results in deciding which specifications to report. We have estima-
ted and tested many alternative specifications. The combinations of alternative
ways of specifying the equations lead to large numbers of possible equation spe-
cifications that fit within our structural framework.'?

In this paper we focus on prolific inventors. Chart 2 shows some charac-
teristics of our inventors including the significance of the prolific inventors in

12 For example, in the productivity equation, we have tested three different dependent variables:
(1) number of patents, (2) (number of patents)/(career duration), and (3) (number of patents)/(num-
ber of years with 1 or more patents). In addition we have estimated the equation with the number
of patents as the dependent variable with both Poisson and negative binomial distributions. So
there are four different dependent variables. We have also tested alternative specifications for vari-
ous variables: three for citations, two for the inventor’s patenting pattern over time, three for tech-
nical mobility, two for inter-firm mobility, and two for career duration. So, just for the productivity
equation we have tested 4 x 3 x 2 x 3 x 2 x 2 =288 equations for 5 countries = 1 440 equations.
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terms of the proportion of patents for which they are responsible in each country.
The data in this chart indicate that there is probably a misidentification of prolific
inventors to a greater extent in the Japanese data than in the other countries. The
famous “names problem” (Trajtenberg, Shiff, and Melamed, 2006) of identifying
inventors is compounded with Japanese names. We believe that many of the pro-
lific inventors identified in the Japanese data are likely multiple inventors, the
similarity of whose names led them to be identified as a single inventor. For this
reason, the Japanese results ought to be viewed with a great deal of caution. It is
interesting that, in spite of the names problem, the estimated coefficients for the
Japanese models are frequently quite similar to those of the other countries. Be-
yond the obvious names problem with the Japanese data, we are aware that the
“names” problem also manifests itself differentially but systematically across
other countries as well. This fact provides a good justification for estimating
each country’s equations separately below.

Chart 2. Sample size by Country Inventors

Number of Inventors Number of .Prolific Proportion of Prolific

Country with at Least One Inventors (with 15 or Inventors
Patent More Patents)

France 59268 1163 1.96%
Germany 131539 53264 4.05%
Japan 168839 19919 11.80%
UK 57781 950 1.64%
USA 844 406 27936 331%
Total 1261831 55292 4.38%

Patents Number of Patents by Numbe_r _of Patentes by Proporti_o_n of Patents

All Inventors Prolific Inventors by Prolific Inventors
France 157393 30660 19.48%
Germany 475325 158067 33.25%
Japan 1311228 808205 61.64%
UK 144169 23073 16.00%
USA 2756476 750218 27.22%
Total 4844591 1770223 36.54%

Source: NBER patent files for 1978-2002.

Chart 3 provides summary statistics for the data. Again, there are syste-
matic differences across the countries, especially for Japan. We re-emphasize
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that care must be taken in making comparisons across countries. It is important
not to attribute to differential behaviors or institutions effects that are actually
based simply on different degrees in the precision with which prolific inventors

can be identified.

Chart 3. Summary Statistics for Inventors from Five Countries for 1980-2002

All Prolific UK | France | Germany us Japan All
Inventors Inventors

Mean ;Za:/?:t?;i Mean | Mean Mean Mean | Mean Mean
Career_Duration 18.77 7.12 17.58 | 17.33| 18.60 17.55| 20.68 4.90
Career_ Prod_Years | 12.12 4.83 10.85| 11.34| 12.14 10.91| 13.92 2.50
Career_Time_Gap 4.53 3.24 4.49 418 4.29 4.58 4.56 2.27
Patents_Number 32.02 | 35.38 24.29 | 26.36 | 29.69 26.85 | 40.57 3.84
Patents_per_Year 1.82 1.70 1.64 1.71 1.78 1.84 1.94 0.97
ifgg”:f;:rir— 258 1.67 235| 236 244 258| 263 1.23
Citations_Number (209.16 | 271.96 130.78 [ 119.90 | 134.26 206.98 | 241.19 | 23.82
g;tta;:;ns_per_ 6.62 | 504 536| 458| 455 7.66| 590| 581
Patent_Time_Conc 0.23 0.10 0.24 0.23 0.22 0.25 0.20 0.73
Patent_Time_HHI 0.14 0.07 0.15 0.14 0.13 0.15 0.12 0.70
Patent_Time_Skew -0.31 0.93 -0.13| -0.12| -0.08 -0.29| -043| -0.11
Patent_Time_Kurt 0.42 2.53 0.34 0.24 0.14 0.52 0.36 0.28
Tech_Cat_Conc 0.69 0.22 0.75 0.78 0.76 0.73 0.58 0.89
Tech_Cat_HHI 0.58 0.24 0.66 0.69 0.66 0.63 0.46 0.87
Tech_Cat_Moves 2.29 1.47 1.55 1.42 1.77 1.89 3.09 0.42
Tech_Field_Moves 5.38 4.62 3.04 2.96 3.95 4.05 7.89 0.75
Firm_Moves 10.23 | 25.11 4.81 4.84 5.21 5.27| 19.10 0.85
Firm_Moves_Ad;j 5.15| 10.93 2.66 2.49 2.80 2.78 9.37 0.49
Tech_Cat_1 0.27 0.44 0.27 0.31 0.42 0.26 0.24 0.18
Tech_Cat_2 0.15 0.36 0.09 0.08 0.03 0.15 0.19 0.14
Tech_Cat_3 0.13 0.34 0.33 0.27 0.16 0.17 0.06 0.10
Tech_Cat_4 0.17 0.38 0.10 0.11 0.09 0.17 0.20 0.16
Tech_Cat 5 0.17 0.38 0.12 0.13 0.20 0.13 0.23 0.20
Tech_Cat_6 0.10 0.31 0.09 0.09 0.10 0.12 0.08 0.22

IV. EMPIRICAL ESTIMATION ISSUES

All of our estimates use robust standard errors so that we do not have to be con-
cerned about the effects of heteroscedasticity and, since our observations are in-
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ventors’ careers, we do not have serial correlation problems with our estimates.
The dependent variable for our productivity equation is the number of patents
per year of an inventor’s career within our dataset.

The values are technically truncated at 0, but have enough variability
and range so that we are able to estimate the parameters with ordinary least squa-
res. Similarly the dependent variable for inter-firm mobility, moves per year,
allows us to use ordinary least squares (OLs). Our dependent variable for techni-
cal mobility is (1- a technical concentration ratio), which is strictly limited to the
range from zero to one. Consequently we use censored normal (Tobit) analysis to
obtain our parameter estimates. The dependent variable in our value equation is
the number of citations an inventor’s patents receive subsequent to their issue,
clearly an integer count measure. We estimate the parameters assuming both
Poisson and negative binomial distributions. We find little difference in the esti-
mates and no evidence of overdispersion so we report only the Poisson distribu-
tion results.

The parallel specifications of the equations also may indicate simultanei-
ty in the nature of the relationships among the variables. We are aware that our
results might be influenced by simultaneous equations bias. We have performed
some analysis not reported in the paper using instrumental variables. Preliminary
analysis indicates that some parameters may be significantly affected. However,
in the current equation structure with the data that we have available, there are
few additional variables to use as instruments. We hope to explore the simulta-
neity further in the future along with implementing systematic tests for exoge-
neity of the independent variables.

The issue of the “right” specification when there are many potential al-
ternatives based on alternative specifications of both the dependent and indepen-
dent variables led us to estimate all of the basic 20 relationships (four equations
for reach of the five countries) many different ways. Of course, in such an exer-
cise the hope is that all coefficients will be substantially unchanged under alter-
native specifications so that one can declare the models to be robust to alternative
specifications of the variables. We have found a lot of stability but cannot yet
declare that ours is the most stable of all possible specifications. The most stable
relationships are those between productivity and value in both the value and pro-
ductivity equations: their coefficients never change signs over hundreds of alter-
native equation specifications across all five countries. Productivity is also very
stable in the technical mobility equations across all the countries. Every other
variable has some degree of instability.
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V. DISCUSSION OF THE RESULTS

Charts 4 through 7 present estimation results for each of the four equations. For
each country, we estimate equations for productivity, mobility (in both the in-
ter-firm and technological dimensions), and the value of inventions (as measured
by patent citations).1. Determinants of inter-firm mobility

Productivity is a positive and significant determinant in all countries.
This result is expected and conforms with results in the current literature. Tech-
nological mobility is also a positive and significant determinant in all five coun-
tries. This finding is in accordance with the results of Hoisl (2007) for Germany,
but our results extend it to the other countries as well. Value is an insignificant
determinant in France and the Us, negative and significant in Germany and Japan
and positive and significant in UK. These last results are interesting. They might
be interpreted to mean that there is a global inter-firm mobility process in rela-
tion to productivity and technical mobility but that each country has its own pro-
cess with respect to value. We know that countries differ through their
institutional arrangements. Of course additional analysis will be necessary befo-
re we have definitive insights.

2. Determinants of technological mobility

Here we innovate in the sense that ours is the first analysis (to our knowledge)
of technical mobility. For that reason, we cannot refer to prior studies for gui-
dance or for insights into the interpretation of our results. A significant finding
is that inventor productivity is significantly and negatively related to technical
mobility in all five countries (in France the significance level is only 10.2%).
This means that the very productive prolific inventors (sometimes called “stars
inventors”) are less intellectually (technologically) mobile. To put it simply:
they are more technologically specialized. This seems to confirm, for individual
inventors a long-standing observation: the more specialized you are and you
remain, the more productive you continue to be. The effect of inter-firm mobili-
ty is positive and significant (but very small) in all countries. The last result su-
ggests that the two types of mobility are not only correlated, but deeply linked
in the inventor’s career as well. As far as value of inventions is concerned, again
we find divergent trends across the countries: value is insignificant in the UK,
France and Germany, significant and negative in the us and Japan (but the coe-
fficients are very small).
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3. Determinants of inventor productivity

The regressions all have relatively high R-squared values. Inter-firm mobility is
consistently positive and significant, technological mobility (Hoisl’s measure) is
consistently negative and significant. Value (citations per patent) is again incon-
sistent in effect: insignificant in UK and France, negative in Germany and the us,
positive in Japan.

4. Determinants of the value of inventor’s inventions

Inventor productivity is consistently positive and significant (with very high coe-
fficients), which confirms the findings of Gambardella et al. (2005) using the
PatVal survey. They found that the characteristics of the inventor, in particular
his/her past number of patents is the main determinant of the private value of
inventions and more important than the characteristics of the organization in
which he/she is employed. Our previous empirical research (Gay et al., 2008)
has also confirmed this remarkable result. It seems in fact there is no (so-called)
“inventor dilemma” regarding a choice between patent quality and patent quanti-
ty (Mariani and Romanelli, 2006). Note that the effect of technological mobility
is negative in all countries and significant in Germany, the us, and Japan. Inter-
firm mobility affects value positively in four countries and negatively in Japan. It
is significant in all countries except France.

5. Nonlinear effects

The strictly linear specifications we have reported are, of course, highly restricti-
ve. Yet they allow us to test our hypotheses about the relationships among mobi-
lity, productivity and value for productive inventors and have yielded results that
make sense and also can be related meaningfully to other results in the literature.
It is still possible that nonlinearities in the relationships might change our con-
clusions. We have explored some potential such nonlinearities. One straight-
forward way to examine nonlinearities might be to simply estimate the relation-
ships in logs. However, two of the major variables of interest, numbers of cita-
tions, and inter-firm moves, both have a significant number of zero observations
so that some form of adjustment is required to use full log specifications. Of
course, partial log specifications might also be used, but instead we have taken
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two alternative approaches: (1) use of nonlinear terms in the equations and (2)
use of interaction terms.

First we have tested to see whether or not the effects of one variable on
the other variables are linear by adding a squared term to the equations. We cho-
se technological mobility as the one to test first. For the inter-firm mobility equa-
tions, in which the technical mobility coefficient is positive and significant for
each of the countries, the squared term is negative and it is significant for all,
except for France. This result shows a nonlinear effect: the effects of technical
mobility are moderated as technical mobility increases. However, neither the
signs nor the significance of technological mobility or any of the other variables
are changed by this effect, so we need not deal with this nonlinearity.

The effects of technological mobility in the productivity equations are
also moderated by the squared terms which have the opposite signs from the li-
near terms and are significant for Germany, the us and Japan. Again, the other
results are not changed by the addition of the nonlinear term. In the value equa-
tions, the results of adding the squared technological mobility terms are mixed:
not significant for the UK, the Us and Germany, significant and of opposite sign
for France (the moderating effect again), and for Japan the sign of technological
mobility changes to positive and is significant and the squared term has a nega-
tive sign and is significant. Once again, the rest of the results are basically un-
changed.

Another form of nonlinearity can arise from interactions among the
independent variables. For example, the effect of technological mobility might
be influenced by the length of an inventor’s career. We have explored this pos-
sibility to a limited extent by introducing some interaction terms in the equa-
tions. Introduction of a technological mobility-career length variable does not
fundamentally alter our results. In the inter-firm mobility equations the interac-
tion term is positive for all five countries and is significant for all but France.
This seems to indicate that the interaction should be added to the equations.
For the us and Japan other results are not affected; for both France and Ger-
many, the addition of the interaction term causes both the career duration and
technological mobility variables to become insignificant, perhaps indicating
that the effect can be captured either in the interaction or the individual terms
but not in both.

In the productivity equations, the interaction term was insignificant
without affecting other results in four of the countries. For France, duration be-
came negative and significant and the interaction term was positive and signifi-
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cant. In the value equations, the interaction term varied in significance and in
sign, never affected the career duration variable and sometimes changed the sign
or the significance of the technological mobility variable. On balance, our con-
clusion is that the particular interaction term that we used does not make a major
contribution to the analysis. It is possible that some interactions that we have not
explored would yield different results. It does seem that care must be exercised
in introducing such terms. All of the reported results are after controlling for pa-
tenting time concentration, career duration, career time gap, and technological
field of highest concentration for each inventor.

Chart 8. Inter-firm and Technological Mobility Effects

(patents per year)

intellectual mobility.
Effect is stronger for the us than
for the European countries.

Effect on Inter-firm mobility Technological mobility
Positive, very significant effects, Coefficients are always negative
but weak in comparison and always significant (except

Productivity with the negative effect of for France 8%)

Effect is much stronger for Japan
and us compared to that for uk
and France

Value of invention

Positive, very significant effects
(except for France, where there

Significant and negative for us,
Japan, Germany.

Si‘tl;rtri‘:s;)()f is no significant effect), but Not significant (but a negative
significantly negative for Japan. coefficient) for France and uk.
CONCLUSIONS

In this paper, prolific inventors are at the core of the study. Through “purely des-
criptive regressions” (a term of Trajtenberg) for the five largest countries in terms
of innovative activities, we investigate the main determinants of inventor pro-
ductivity, mobility and invention value. Our results extend previous research fo-
cused on the analysis of the complex relationships between (prolific) inventors’
productivity and mobility and the value of their inventions. We investigate two
forms mobility: inter-firm and technological. Our analysis of technological mo-
bility (technological specialization at the inventor level) is the first empirical stu-
dy of a large sample of inventors.
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Our results are somewhat ambiguous because all the countries do not
show the same trends:

a) Our inter-firm mobility equations tell us either (1) that the value of pat-
ents does not affect inventor mobility (for France and US) or (2) that in-
ventors having low-value inventions are more mobile (Japan). The Uk
provides an exception, because for this country, the relation is positive
and significant. Our results are not really similar to those obtained for
the us by Trajtenberg, Shiff, and Melamed (2006). Exploring the rela-
tionship between the indicators of patent “quality” (including his mea-
sures of Citations Received, Generality, Originality, and Number of
Claims) and mobility, Trajtenberg, Shiff, and Melamed (2006) conclude
that inter-firm moves are positively related to quality as measured by
these four indicators.

b) In the productivity equation the variable inter-firm mobility is every-
where highly significantly positive. Our hypothesis H2’: An inventor
moving a lot is more productive than an inventor moving less is con-
firmed. By contrast, the coefficient related to technological mobility is
significantly negative. It means that when the inventor’s specialization
becomes more important (technological mobility decreases) inventor
productivity increases. That is a finding in favour of specialization as a
factor pushing inventive productivity (more specialized inventors are
more productive).

¢) In line with other recent studies, there is a clear and highly-significant
relation that emerges from the invention value equation for all five coun-
tries. Inventor productivity is a determinant of invention value at the in-
ventor level (but a lot of variety across countries exists as far as the size
of the coefficient is concerned). As a consequence our H, the more pro-
ductive an inventor is, the more valuable his inventions will be on aver-
age, is well confirmed. In our patent value equations the coefficients for
inter-firm mobility are positive in four countries (not Japan) and signifi-
cant in all except France.

We find it particularly significant that, in general, the results are similar
for the five countries with the notable exception for patent value both when it
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appears as an independent variable in the equations explaining inter-firm mobili-
ty, technological mobility and productivity and when it appears as the dependent
variable. These results may indicate that countries differ in their responses to
determinants of patent values because of differences in their institutional arran-
gements, especially their approaches to national systems of innovation.

This last point appears very important since that it delineates a possible
research agenda for the future. We feel that our work to date, on several coun-
tries and over a relatively long time period, might provide a basis, in terms of
data, estimates, and trends in inventor characteristics (productivity, mobility, ca-
reer) for constructing a fresh analysis of national innovation systems.
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