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Abstract:

Although labor mobility has been recognized asyarkechanism to transfer tacit knowledge,
prior research on inventors has so far neglecteditivess the question of the consequence of
a move on inventive performance. This paper impoor the current R&D literature by
presenting a quasi-experimental approach to exploeeeffect of a specific move of an
inventor on his performance. The quasi-experimeaviges a favorable setting to test this
relationship since it allows interpreting changds imventive performance causal to a
particular move. Results reveal that in the postengeriod inventors produce more
patentable innovations that are characterized Ihygher grant rate and by higher value.
However, the gains from movement seem to dissipaée time. Data for the analysis was
derived from a survey of German inventors (N = 9)04
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1 Introduction

Knowledge is one of the most important sourcesnoiovative activity (Feldman 1999).
Therefore, an often-discussed phenomenon in taeafitre is the access to knowledge after
hiring a key inventor from another firm. Researshargue that a movef an inventor to
another firm can lead to knowledge transfers (Ard962; Almeida/Kogut 1999). Firms
characterized by a “lower technology” level can ttgs knowledge to catch up and thus are
motivated to attract productive inventors (Gilfilld935; Song et al. 2003). Especially, the
transfer of tacit knowledge that is otherwise imitels facilitated by inventor mobility (Dosi

1988).

What has so far hardly been addressed in the iovealated literature is the consequence of
a move on inventive performanté change of the employer means that inventors ik
new environment. Human capital literature, e.gnficms that the work environment has an
important effect on the productivity of workers (Ra 1991). Given that colleagues or the
availability of resources, decisively determineantive output and assuming that one single
inventor normally contributes only partly to an @mtion, it is unclear whether a firm’s
innovative performance benefits from picking oneeimtor and transferring this inventor to a
new job. This question is of utmost importance itm$ since hiring a new inventor is an

investment decision under uncertainty.

Labor economics literature provides first evidenoethe consequences of labor mobility.

Topel and Ward (1992) propose that a move incretmesmatch quality between employer

' Inthe following study, a move of an inventodifined as a change of his employer.

2 Hoisl (2006) showed that there is a causal @latip between inventor mobility and inventive periance.

To deal with this endogeneity problem, instrumen@iiables techniques were employed. Results showed
that mobile inventors are more than four times axlpctive as non-movers. Whereas mobility increases
productivity, an increase in productivity decreatbesnumber of moves.
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and employee. A better match quality should thex I an increase in the worker’'s own
performance (Jovanovic 1979; Liu 1986). A move daerefore, be interpreted as a search
and sorting process to improve the employer-emgoyeatch, resulting in a better

performance of the employee. Whether the resultheflabor economics literature are also
appropriate to R&D personnel in general and to mwes in particular has so far hardly been

addressed in the literature.

To shed more light on the relationship between aemof an inventor and his inventive
performance and to decrease the uncertainty whemgh& new inventor, this exploratory
study provides a quasi-experimental design, wharhgares the performance of an invehtor
before and after a selected move relative to arabgroup. This research methodology
improves on the current literature by providing saobust results. Especially, it allows

interpreting changes of inventive performance caasa particular move.

This paper makes use of data collected in a lacgke survey of German inventors, who hold
at least one granted European patent. The datadecemographic information on more than
3,000 inventors, for instance, the age and theattlu@l degree that will be used to construct
an appropriate control group. Patent data fronotiime EPOLINE database of the European
Patent Office (EPO) was further used to trace nitghdf inventors over time. All patent

applications of the surveyed inventors were inctLideth priority years between 1985 and

1999.

Results reveal that the number of patents, theeshigpatents granted as well as the share of
patents opposed by a third party is higher in tbetqmove period. Additionally, patents

receive more references and also more citatioes #ift move has occurred. Hence, inventors

® To measure inventive performance quantity meas(mamber of patents per inventor) as well as guali

measures (grant rate, opposition rate, and nunfletations) will be employed.
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not only produce more inventions in the post-moseqal, the inventions more often meet the
requirements for patentability (novelty, inventistep, and usefulness) and are also of higher

value. However, the gains from mobility seem tcsiiate over time.

The remainder of this paper is organized as follo8&ction 2 provides a summary of the
previous literature. A description of the methodplaised is presented in section 3. Section 4
contains a description of the dataset and of thi@bi@s used in the empirical analysis and
displays the construction of the control group.tl®&c5 contains descriptive and multivariate
results of the quasi-experiment. Finally, sectioprésents a discussion of the results and

provides implications for further research.

2 Literature Review

In the following, a review of important results finathe knowledge transfer literature will be
given. The first paper focuses on the importanc®cdlization to transfer knowledge. The
three following papers discuss mechanisms to teansfowledge such as, for example, labor
mobility or alliances. Additionally, the questiosn addressed whether social ties facilitate the
diffusion of knowledge. The last group of papersiradses the characteristics of moving
inventors in the pre-move period as well as theragtaristics of the patents of mobile

inventors.

Almeida and Kogut (1999) use patent citation datanvestigate the relationship between
inventor mobility and the localization of technaoilcg knowledge. The analysis relies on US
patent data from 12 top regional clusters (e.dicdi Valley) accounting for 95% of the

highly cited patents. The authors find that knowkeds transferred through labor markets.

However, the knowledge is embedded in regionaltetas The degree of the localization of



knowledge varies across regions. For instance, cegmuctor knowledge is highly
concentrated in the Silicon Valley but less in ®eut California. A possible explanation for
a strong localization of knowledge in the SilicoalMy is intra-regional mobility of experts.

Cross-regional mobility, on the contrary, leada wwider spread of ideas.

Given that knowledge is geographically and techgicklly localized, Rosenkopf and
Almeida (2001) explore if strategic alliances asllwas mobility of inventors in the
semiconductor industry enable inter-firm knowledtpsvs across technical boundaries and
technical fields. Results show that mobility andiaaces facilitate knowledge transfer
regardless of whether the inventor moves intereross-regional. Additionally, knowledge
turns out to be localized within technical conteXgvertheless, the impact of alliances and
mobility increases with technological distance. particular, it seems that the higher
technological similarity of two firms the lower thgrobability to draw on the other’s
knowledge. Song et al. (2003) address a similastigue by analyzing to which extent inter-
firm mobility of R&D engineers can be used to redskyond current technical and
geographical boundaries. The survey relies on 18BilmUS inventors who are responsible
for 534 patented inventions. Results show thatrlabobility indeed serves as an important
mechanism to acquire complex and tacit knowledgmfother firms, even if these firms are

technologically and geographically distant.

Moen (2000) discusses the link between mobility apidlovers from the point of few of the
firm that is loosing an inventor. He argues th&iblamobility makes it difficult for firms to
appropriate returns to R&D investment and therefomeobility should lead to an
underinvestment in R&D. An empirical test of thigobthesis relying on matched employer-
employee data from the Norwegian machinery andpegent industry shows that R&D

personnel “pay for the knowledge they accumulatehenjob through lower wages in the



beginning of their career, and they later earntarmeon these implicit investments through
higher wages” (Moen 2000, 2). Furthermore, labobifity has often been considered as a
means to catch up with the sate of the art oraostier knowledge from high-tech to low-tech
firms. But the results of this survey show that R&ersonnel tends to move to a firm

characterized by a similar R&D intensity as tharfer employer.

Agrawal et al. (2003) go one step further, giveat tto-location fosters knowledge transfer,
the authors analyze whether labor mobility decred&s®wledge flows between the moving
inventor and his former employer in the after-mqueriod. This question is of special
importance since an ongoing exchange of knowledgsoramodates for the dynamic
character of technology. Using US patent dataatitbors find that knowledge transfer also
takes place after formerly co-localized inventors separated because one of the inventors
moved to another firm. The authors explain themndiings by the fact that social ties that

facilitate knowledge transfer persist even afterave.

Palomeras (2004) addresses the issue of whichtmveharacteristics provide an indication
of whether an inventor possesses valuable knowlddgeother firms and whether this

inventor is able to transfer this knowledge. Basedlata of 2,394 inventors at IBM, she finds
that patents of movers receive more citations i pine-move period compared to non-
movers. These results seem to indicate that the mguortant inventors move. However, the

author only considers the pre-move period. The-puste period has so far been neglected.

Trajtenberg (2005) is one of the first to analylze telationship between mobility and labor
productivity for R&D personnel. He analyzes the smauences of mobility relying on a
sample of 1,565,780 inventors listed on U.S. patkmuments. Overall, 216,581 inventors
(33%) are movers, which means that these invemioasnged their employer at least once.

The author finds first evidence that mobility hapasitive impact on work performance, in



particular, patents of mobile inventors receive encitations. One drawback of this study is
that it lacks data on the characteristics of theeulying inventors. Second, the given results

are not interpretable causally to a particular move

Undoubtedly, labor mobility provides access to ek knowledge since especially tacit
knowledge is embedded in the heads of employeesttamslis hardly accessible without

transferring the employee. The literature summdriadove provides evidence of the
existence and of the importance of these knowletlges. First, studies trace these
knowledge flows by employing patent citation d&acond, the literature provides indication
that those inventors who move possess of more bl kaowledge compared to non-movers.
The question whether an inventor is able to conyestknowledge into new inventions after
being transferred into a new work environment remastill unclear. The human resource
literature shows that the environment determinespiérformance of employees. Hence, it is
interesting to analyze the consequences of pickingingle inventor (even if it is a key

inventor) and transferring this inventor to anotfien.

The purpose of this paper is to contribute to thevdedge transfer literature by analyzing
whether hiring an inventor from another firm is eagonable mean to increase the firm’'s
innovative performance. The paper improves on fimeeat literature (1) by applying an

empirical setting that allows analyzing the aftesw@ performance of an inventor causal to a
particular move, and (2) by including inventor dcmweristics derived from a mail

questionnaire. In particular, information on thes aand the educational background of the
inventors will be used to keep inventor charactiessconstant when comparing mobile

inventors with non-mobile control inventors.



3 Research Methodology - Quasi Experimental Design

The use of quasi-experiments to analyze treatnféetdte in the absence of truly experimental
data has gained wide acceptance in empirical rels€aee e.g., Solon 1985, Krueger 1990,
Card/Krueger 1994). Quasi-experiments are chaiaeteby the lack of one of the decisive
particularities of a (randomized) experiment. ad@mized assignment of the units of
observation to the treatment and to the compaggoap. The units are rather sorted into the
two groups by self-selection (Meyer 1995; Cook/Chetp1979). One of the most often used
quasi-experimental designs is the difference-ifiedinces estimation approdctvhich aims

at analyzing the impact of some treatment on atregroup of subjects under consideration.
To do so, the performance of the treatment growomspared relative to the performance of a
control group for the periods before and after titeatment. The difference-in-differences
estimator is based on the assumption that in absehthe treatment, the average outcomes
for the treatment and the control group would himlewed parallel paths over time (Abadie
2003). Therefore, the control group shows what @dwlve happened to the treatment group
in the absence of any treatment. In the followitltg treatment group contains movers
(inventors who changed their employer at least pntee control group consists of
non-movers, and the treatment is defined as a ntawethe time periods three and four year
windows before and after the move are employed.nleasure the performance of the
inventors, quantitative and qualitative measurds lveéi used. The overall number of patent
applications per inventor represents a quantity smea The status of the patent (grant,
withdrawal, or refusal), the share of patents opdpsand the number of forward and

backward citations form different quality measures.

* In psychology this approach is also called theftBe and After Design with an Untreated Comparison

Group” (Meyer 1995: 154).



To empirically test whether a move has a positivpdct on inventive performance, this
paper applies a difference-in-differences estinmtapproach. The difference-in-differences
estimator5'1 is derived by taking the mean value of each geupitcome (treatment and
control group) before and after the treatment dreh tby calculating the difference of the
differences of these means (Wooldridge 1999). Theze the following equation is

constructed:

5'1 = (mobile ., — CONtrolpest) — (Mobilepe —controlpe) = A o =4 (1)

where the average value of the treatment groupnstegd bynobileand the average value of
the control group bgontrol. Pre and post stand for the pre-treatment anghdsetreatment

period and a bar indicates an average over thefiakse

To test Whether§l is statistically different from zero, one couldheir conduct a t-test, testing

the H, hypothesis that A .. The results of the t-tests for the variables pesented

post =
below. The same results as provided by the t-teats be achieved by using an OLS
regression framework. However, an OLS regressiantia advantage that additional control
regressors can be included in the analysis. Theref@lS regression will be used in a second

step to control for multiple movements of inventors
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4 Data Description and Construction of a Control Grop

4.1 Data

The data used in this study were collected in therse of a project, sponsored by the
European Commission, called PatVaResearch groups from six European universities
participated in this project. In each of the sixicoies (France, Germany, Great Britain, Italy,
Spain, and the Netherlands) domestic inventors weneeyed simultaneously regarding their
granted EP patents. The following exploratory asialyelies only on the German dataset.
Units of observation are inventors who lived in @any at the time of application of the
respective patent. 10,500 EP patents were chosetrdified random samplifidpased on a
list of all granted EP patents with priority datetween 1993 and 1997 (15,595 EP patents).

A stratified random sample was used in order tosample potentially important patents.

The information was obtained using a questionn#@isethe addressee of the survey, the first
inventor listed on the patent document was cho3€49 responses were received. The data
from the questionnaire were merged with bibliogiapdnd procedural information on the
respective patents, obtained from the online EP@L.It\atabase. The database contains
information on all published EP patent applicatiasswell as all published PCT applications
since the founding of the EPO in 1978. The datasgesponds to the EPOLINE data as of
March 1st, 2003. To trace the mobility of each mee over time, the EPOLINE database

was further used to search for all patent appbeatibelonging to the 3,049 inventors with

PatVal = “The Value of European Patents: Empliidadels and Policy Implications Based on a Sureéy
European Inventors”

The sample of 10,500 patents includes all opp@stents (1,048) and patents which were not ogbbsé
received at least one citation (5,333), and a randample of 4,119 patents drawn from the remaifi2g 2
patents.
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priority dates between 1985 and 199wentors holding only one patent (352 inventors)
were removed from the sample since a move is dodgrvable if the inventor is responsible
for at least two patent applications during theetiperiod under consideration. Therefore, the

final sample contains 2,697 inventors.

Before describing the research methodology, a fevtdtions of the use of patent data to
trace mobility need to be mentioned. First, a latkstandardization of the spelling of
inventors’ names in the patent documents leadsrtanae matching problem. This matching
problem complicates the search for all patent appbns per inventor, especially for
inventors with common last names. Identical hamey mefer to different inventors and
different spellings may refer to the same invenbocomplete address data and the fact that
some female inventors change their names due toagadead to wrong matches. Even if the
matching procedure works well, it is only possitdaedentify a move if the inventor applied
for another patent after he changed the employas May lead to a selection bias since the
probability to observe a move increases with thenlmer of patents per inventor, i.e. the
probability to observe a move is higher for prodwectinventors. Furthermore, the fact that
different applicants are listed on a patent docunu®es not automatically mean that the
inventor changed jobs. A possible explanation ¥ar tifferent applicants is, for instance, a
strategic alliance between two companies or a mefgereduce biases, the classification of
“move” (the inventor changed the employer) and fmave” (the inventor did not change the
employer) was corrected manudbpdditionally, the results from the PatVal questiaires,

including questions related to the mobility of tmventors, were utilized to confirm the

" See Giuri, Mariani et al. (2005) for a detailexbcription of the PatVal-EU survey results.

8 For more information according to the name maighgrocedure, see Hoisl (2006).
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matching and mobility outcomes. Given this limibas one has to be cautious when deriving

implications from the results.

4.2  Description of the Variables

As already described, the data used in this papginate from two data sources: first, from a
survey of 3,049 German inventors and, second, flenEPOLINE database of the EPO. A

brief description of the variables to be used tdlgiven in the following:

Move -Based on the full sample, a variable was creatddcating whether the inventor
changed his employer or not. The variable was cocigtd as a dummy variable and takes the

value 1 if the inventor moved, and O otherwise.

Age -The variable contains the age of the inventorbatitme of the survey.

Level of education The questionnaire included a question asking tspamdents for their
terminal degree. The education variable was agtgdda three groups: (1) secondary school,
high school diploma, or vocational training, (2)cational academy (Berufsakademie) or

university studies, and (3) doctoral or postdodtstadies.

Technical specialization Based on their International Patent Classificaf{i®C) codes, the
patent applications were classified into 30 techlngceas. This classification was proposed by

Schmoch (OECD 1994).

Number of applications This variable includes the total number of pateptliaations per
inventor. Each inventor was assigned a whole pateespective of the number of co-

inventors.

Status -These variables provide information on the statuthe patent applications. Three
variables were included representing the shareapplications that were either granted,

13



refused by the examiner or withdrawn by the applictor instance, due to the results of the

search report.

Opposition -The variable contains the share of granted papertéventor that were opposed

by a third party within the opposition term of nim@nths after grant.

Number of references Fhis variable includes the number of referencestainaed in the
search reports provided by the patent examinetheatePO. References represent subject

matter that is held against the claims of a padpptication.

Number of citations This variable includes the number of citations &eptapplication
received within 5 years following the publicatiohtbe search report, added up for the total

number of patent applications per inventor.

Claims -This variable contains the number of claims addeébuthe total number of patents
per inventor. The claims define the scope of aremton for which patent protection is

requested.

Inventor team size FThe number of inventors provided on the patent dwnt was used to

measure the size of the inventor team.

4.3 Construction of the Treatment Group and of theControl Group

As mentioned above, the data used in this anaigslade patent applications with priority
dates between 1985 and 1999. The lower limit waseh since the years between 1977 and
1984 are characterized by a strong increase imtineber of European patent applications,
which was caused by the diffusion of the Europeatemnt after the founding of the EPO in
1978. Hence, | assume that as of mid 1980, Europatent data are a sufficiently reliable

source of data to use for a quasi-experimentalgdedihe upper limit was chosen due to the
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limitations in the availability of citation data.oTcount the number of citations a patent
received from subsequent patents and to compaagocis between patents applied for in
different years, the number of citations receiveithw a five year time lag from the

publication of the search report was emploYed.

Inventors assigned to the treatment group had tatbeast 25 years old in 1986, since it is
assumed that inventors do not become active beéfiereage of 25. Additionally, treatment
inventors had to have changed their employer atleace between 1990 and 1995. The
move-period was chosen in order to analyze thred-faur-year windows before and after
the move. Since difference-in-differences estinmatiequires knowledge of the specific point
in time when the move took place, information oe t#pplicants of the patents and the
priority dates were used to calculate a proxy fur exact date of the move. To identify
whether a move actually occurred, applicant nanstsd on the EP patent documents were
employed. In the event that two successive patectirdents belonging to the same inventor
contained two different applicants, it was assuitined the inventor changed his employer in
the time period between these two patent applicati§ince the exact time of move was not
available, the move date was estimated by takiegnidpoint between the two application
dates (the last patent before and the first paaéiet the move). In case inventors changed
their employer more than once between 1990 and,1®@85 of these moves was selected at

random. Finally, a sample of 553 mobile inventoeswhosen.

To construct the control group for these 553 moioientors, a matching approach was used
to match each treated unit with a non-treated obninit. In particular, matched treatment-

control pairs are necessary to avoid spurious &ffet inventor characteristics or industry

° Since the search report is published about one gfter a firm or an individual inventor appliear the EP

patent, patent data as of 2005 are needed to atdcfive years citation lags for patents with pgtioyear
1999.
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effects between the treatment and the control gtbapare not attributable to the treatment
itself. Within this study, three matching critengere used: the age of the inventor, his
educational background as well as the main techarea in which the inventor is active. If it
is not possible to identify eligible characteristifor the control group, one could pick
inventors randomly from the group of non-treatedsurAdditionally, control inventors were
chosen who were also responsible for at least @tenp before and after the move of the
“twin” inventor. This assumption resulted in congnt three and four year windows for the
mobile and the matched control inventor. Differemte periods could have resulted in biases
due to a different patent behavior at differentinp®in time (Hall 2004). In case two or more
inventors were potential candidates for matchedspaine of these inventors was again
selected at random. Overall, matched pairs coulibined for 352 mobile inventors, resulting
in a dataset of 704 inventors who have been regdgentor a total of 11,273 patent

applications between 1985 and 1999.

5. Results

5.1 Descriptive Results

Table 1, provides descriptive statistics of the v&banentioned variables. As already
mentioned, the final sample contains 352 mobileemors and 352 non-mobile control

inventors, who have the same age, educational baakd and technical specialization.

Whereas columns 1 to 4 present descriptive stistir the full sample, columns 5 to 12
provide summary statistics for the treatment and tontrol group separately. In the
following, the results based on the full samplel Ww#& provided. The two sub-samples will

only be addressed in case the means of the twsauiples differ considerably.
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Full sample (N = 704)

Variable Mean S.D. Median Max.
number of patent applications 16.01 21.10 10 308
share of granted patents opposed 0.05 0.10 0 0.67
share of applications granted 0.69 0.22 0.69 1
share of applications refused 0.02 0.05 0 0.25
share of applications withdrawn 0.16 0.17 0.13 0.72
cumulative number of references 65.04 81.02 42 84,1
number of references per patent application 4.23 091. 4.07 9.60
cumulative number of citations 28.34 50.30 13 819
number of citations per patent application 151 80.9 1.30 7.25
cumulative number of claims 167.10 218.54 99 2,986
number of claims per patent application 10.64 3.92 9.80 32.50
size of the inventor team (per patent) 3.16 1.37 033. 10.08

Table 1:

Descriptive statistics of the full samN = 704) as well as of the treatment

group (N = 352) and the control group (N = 352)

Mobile inventors (N = 352)

Control inventors (N = 32)

Variable Mean S.D. Median Max. Mean S.D. Median  Max.
number of patent applications 14.47 15.35 9119 1755 25.53 10 315
share of granted patents opposed 0.05 0.09 @50 0.05 0.10 0 0.67
share of applications granted 0.68 0.22 0.70 1 0.69 0.21 0.69 1
share of applications refused 0.02 0.05 ®.25 0.02 0.05 0 0.25
share of applications withdrawn 0.17 0.17 0.13.70 0.16 0.17 0.12 0.72
cumulative number of references 59.91 61.94 4878 70.17 96.22 44 1,188
number of references per patent appl. 4.29 1.17 9 4.8.50 4.18 1.01 4.01 9.60
cumulative number of citations 26.60 40.48 12373 30.08 58.51 14 819
number of citations per patent appl. 1.52 1.05 1.33.25 1.49 091 1.29 5.25
cumulative number of claims 165.23 190.80 7,310 168.96 243.40102.50 2,986
number of claims per patent appl. 11.22 4.05 10.868.67 10.05 3.71 9.07 32.50
size of the inventor team (per patent) 3.11 1.34 18.08 3.21 1.40 3.08 8

Table 1 (continued):

Descriptive statistics oé thull sample (N = 704) as well as of the

treatment group (N = 352) and the control group=(852)

Each of the 704 inventors is on average responfiblabout 16 EP patent applications. The

total number of applications per inventor rangesvben 2 and 308. A median amounting to
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10 patents indicates that the distribution of tla¢epts per inventor is highly skewed. The
mean number of patents of the mobile inventors antsoto 14.5, whereas the mean number
of patents of the control inventors amounts to lYaéents. The difference arises at least
partially due to the fact that one control inventmids 315 patents, whereas the mobile
inventor with the maximum number of patents is oesible for only 119 patents. The

median, however, does not vary distinctly betweba two groups (mediaBvers = 9,

mediaRon-movers= 10)-

On average, 5% of the inventors’ granted patent® wpposed by a third party, on average
16% of the applications had been withdrawn by f@ieant, and 2% had been refused by the

patent examiner. 70% of the applications were fngdanted™°

The cumulative number of applications per invememeived an average of 65.04 references
made by the patent examiners at the EPO. Eachtpagpehication received on average 4.23
references. Furthermore the cumulative number tdrpaapplications per inventor received
an average of 28.3 citations from subsequent paf@atch application received on average
1.51 citations). The median of the cumulative nunddecitations amounts to 13. A mean that
is more than twice as large as the median alsotpaina highly skewed distribution of the
number of citations. Whereas Table 1 shows thatctirdrol inventors’ patents altogether
received more references and also more citatibespiimber of references and the number of
citations per patent application are almost idehtitor both groups. The inventors’

applications altogether contained an average @4l€laims. The number of claims per patent

1% Even though a number of applications were séifiging, the number of granted patents was remayiadh.
Wagner (2007) shows that the mean grant rate ofdta population of applications at the EPO betwee
1978 and 2003 calculated, excluding pending apjica procedures, amounts to 64%. The high graset ra
within this sample (1) occurs due to the over-samgpbf important patents during the PatVal-projact (2)
is also an effect of the matching procedure, singentors who hold more patents are more likelyoéo
included in the treatment as well as in the corgrolp.
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had a mean of 10.64. Finally, the average invetei@m size varied between 1 and 10.08 with

a mean of 3.16.

52 Difference-in Difference Estimation Results

Table 2 displays the outcomes of the t-tests. Axreed before, different measures were
employed to account for the performance of an itenThe number of applications

represents a quantitative measure and the statiebles, oppositions, and the number of
citations provide qualitative measures. First of aesults show that the number of
applications does not change due to the move hereih the 3 nor 4 year window before and
after the move. However, the incident of a move a@®sitive impact on the mean share of
applications granteéd In particular, the mean share of applicationsigrd increases by 5%,

when a window of 4 years before and after the mewensidered, and by 7% with respect to

a 3 year window. Hence, the effect of a move orgtiaat rate seems to decrease over time.

e
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Figures 1. Difference-in-differences estimatorcoddted for the mean share of patents

granted (4 year period)

' The share of patents which have not been grantddde patents which were either refused by therga
examiner or withdrawn by the patent applicant af a& the number of patent applications which dile s
pending. The mean share of patents pending amotmt&8% in both groups (the mobile inventors aral th
control inventors).
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Figure 1 illustrates the difference-in-differenaesgimator for the mean share of applications
granted for the 4 year period. The Figure showsttiatrend lines cross over. The important
point here is the pattern of switching mean diffiees. This means that the ex ante low
scoring treatment group, including mobile inventdras overtaken the higher scoring control
group. A possible explanation for this cross owethe matching approach. An increasing
match quality between employer and employee aftermhove, as proposed by Topel and
Ward (1992), could lead to a better performancéhefinventor such as, e.g., a higher grant
rate. The overall decrease of the mean share dicappns granted (between 4% and 10%) -
observable for the treatment as well as for thérobgroup — occurs due to truncation of the

data. In particular, the average time lag betwden dpplication date and the date the
application is granted at the EPO is 4.2 years l{pfdiwagner 2005). Whereas more than

72% of the patent applications with priority ye&9% were granted and less than 10% were
pending, only 41% of the patents were granted &% %ere pending if the patents were

filed in 1997. Finally, when 1999 is the priorityar, only 12% of the applications were

granted and 77% were pending.

Interestingly, a move seems to have no impact erstfare of patents refused by the patent
examiner. The difference-in-differences estimasonat significant at the 10% level - neither

for the 4 year window nor for the 3 year window .nide, the K hypothesis thaf ,, =A .

cannot be rejected. In case the share of patericappns withdrawn by the applicant is
considered, a move has a negative impact. Whehsashare of withdrawals prior to the
move is larger for the treatment group than for twatrol group, it becomes smaller
afterwards. Overall, the share of applications dr#wn decreases by about 6% (3 and 4 year
period). This result suggests an increase of theevaf the applications or at least an increase
of the importance of the applications for the nempyer. Withdrawals on the part of the

applicants take place in case the applicant febas the invention does not meet the
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requirements for patentability (novelty and inveatistep) or the applicant is no longer
interested in receiving patent protection for theention. One could, therefore, also assume
that the inventions of the movers are more in lvith the patent portfolio of their new

employer compared to the old one.

number of share of applications share of applications
applications granted refused
4 years 3 years 4 years 3 years 4 years 3 years
(mobile,est—  -1.293 -1.063 0.018 0.043 -0.005 -0.004
controes)
(mobileye— -1.011 -0.707 -0.034 -0.031 -0.001 0.0002
controjye)
diff.-in-diff. -0.281 -0.355 0.052* 0.074*  -0.004 -0.005
t-value 0.57 0.99 1.84 251 -0.413 -0.43
share of applications share of applications number of references
withdrawn opposed per patent application
4 years 3 years 4 years 3 years 4 years 3 years
(mobilg,es:—  -0.021 -0.026 0.007 0.014 0.275 0.320
COoNtrofes)
(mobileye— 0.038 0.034 -0.016 -0.022 0.035 0.003
controk)
diff.-in-diff. ~ -0.058** -0.060** 0.021 0.035* 0.240 0.318*
t-value -2.31 -2.24 1.20 1.83 1.55 2.06
number of citations number of claims per number of inventors
per patent application application per patent
4 years 3 years 4 years 3 years 4 years 3 years
(mobileyest— 0.134 0.190 1.224 1.357 -0.271 -0.307
COoNtrofes)
(mobile,e—  -0.066 -0.099 1.188 1.144 -0.045 -0.073
control,)
diff.-in-diff. 0.200 0.289* 0.036 0.214 -0.226*  P33**
t-value 1.34 1.85 -0.09 -0.48 2.02 1.97
Table 2: T-Test of difference-in-differences msttions for 4 and 3 year periods before

and after the event of a move (* significant at 18%bsignificant at 5%; ***
significant at 1%) (N = 352)
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The share of oppositions received within the ogpmsiterm of nine months after the patent
was granted is lower in the treatment group betfoeemove took place and higher afterwards.
The difference-in-differences estimator reveal®aidcrease of the opposition rate due to the
move. According to Harhoff and Hall (2003), the rhenof oppositions a patent received is a
proxy for the value of the patent. Opposition restkence confirm that patent applications of
the mobile inventors become more important afterrtftove. Although the signs point in the
same direction, the difference-in-differences eatonis no longer significant when the 4 year
window is considered. Thus, the results suggedt ttiea opposition effect diminishes over

time.

In addition to the results described above, referesnd citation counts also underline the
proposition that a move has a positive effect anwthlue of after-move patent applications.
However, references and citation counts only exhilsignificant difference when the 3 year
window is employed. Overall, a move leads to amdase in the number of references by
0.32 references per application. As to citationntsuthe difference-in-differences estimator
indicates that the number of citations increase®.B9 citations per patent as a result of the
move. A possible explanation for this outcome cdirkt of all be an increase in the value of
the patent applications in the post-move period¢o8dly, the outcome may be explained by
the fact that the inventor who moved works withie tsame technical area at his new job.
Two R&D teams working in the same area producenpatpplications which form potential
state-of-the-art to be referenced by the pateninéxar of the EPO during the search process.
The references from the search reports are usedltolate the number of citations from
subsequent patents, therefore, more referencedesdoto more citations. To confirm this
assumption, the citing patents have to be analyza@ closely. In particular one would have

to find out whether part of the citations receindthe after-move patents derive from the
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former employer of the mobile inventor. The formemployer could be seen as a second

source of self-citations.

The number of claims per patent is not affectedabymove - neither in the 3 nor 4 year
window before and after the move. Finally, the mee team size is affected by a move. In
general inventors who move work in smaller inventeams afterwards. This result is
surprising, since former research confirmed thaemior teams are larger in big firms and
inventors working in large firms are less likely nwove. Additionally, inventors who move
typically change from small to larger firms (TopMgHrd 1992, Kim et al. 2004). The
difference-in-differences estimator reveals thahtesize decreases by 0.23 inventors (3 and 4

years) as a result of the move.

Overall, the results of Table 2 show that a mowarseto have a larger impact during the 3
year period as compared to the 4 year period. Aiplesexplanation is that inventors who
changed their employer do a better job during ttet fjears after the move. Possibly, the
inventors make special efforts during their firstys to impress their new employer or to gain
respect from their colleagues. Over time the défifees caused by the move decrease and
finally disappear. It is also possible that investare able to profit from knowledge they have
“transferred” from their former job. Over time théslvantage disappears since the inventor
faces new tasks or the transferred knowledge beszaisolete. A third explanation may be
that inventors who move to a new company bring keow-how, ideas and skills to the
company. A combination of existing know-how andllskiith new ideas could lead to an
increase in innovative activity. Over time, knowah@nd skills become more and more
similar leading to a reduction of inventive actyvitlt is also possible that the units of
observation are inventors during the first yeatsrathe move but leave R&D for a job in

sales, marketing, or management after about thessy Intra-firm mobility leads to
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invisibility of the inventor in terms of patents darconsequently, the mean inventive

performance seems to decrease over time.
5.3 OLS Regression Framework

The t-tests described before considered one platicoove that took place before between
1990 and 1995. In case the inventors moved repgadedng this time, one of these moves

was selected at random. But there are also mowashtdve taken place before 1990 and/or
after 1995. These moves have not been considerall. a0 overcome this drawback, an

additional dummy regression analysis will be empthyThe following equation, including a

control dummy for inventors who moved more thaneodaring their inventive life, will be

estimated:
y =0, + 9, * mobile+ J, * post+ J, * (mobile* posi + J, * mult_mobil +u (2)

wheremobileis a dummy variable, taking the value one in caseitventor moved and zero
otherwise postis a time dummy variable, taking the value oneasecthe time period after
the treatment is considered and zero otherwisebile * post)is defined as the interaction
betweemmobileandpost HenceéA'2 is again the difference-in-differences estimakat is the

true causal effect of the treatment (= move) on ¢dhcome for the treatment group.
mult_mobileis defined as a dummy variable taking the valua tase the mobile inventors

moved more than once during the time under coresiger (1985 — 1999). In the following, |
will refer to these inventors as multiple moverawever, it is important to mention thég,

the coefficient of the multiple mover dummy, is lomger interpretable causally since the

coefficient is no difference-in-differences estiorat
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Table 3 provides the results of the OLS regressimalysis. Whereas Model 1 refers to the
results without any further control variables, Mb&éncludes a dummy variable for multiple
movers. The first column of each model providesrdsellts of the 4 year window, the second
column the results of the 3 year window. Model dvintes the same results as the t-tests with
the exception that the number of citations receigsdvell as the team size are no longer
significant. However, it has to be mentioned tha p-value of the interaction term in the

citation regression (Model 2d) is only slightly aleahe 10% level (p = 0.111).

In the following, only the results of Model 2 areepented. In particular, the impact of
multiple movements on inventive output is analyzgidce multiple moves had no significant
effect on the status of the patent applicationsargsiof patents granted, withdrawn and

refused), | refrained from displaying these results

Model 2a reveals that multiple movers are respd@$dy more patent applications. The effect
is significant at the 5% level, both for the 3 ahd 4 year window. In particular, inventors
who moved repeatedly, have on average applied .tbr(3 year window) and 1.5 (4 year

window) more patents as compared to inventors wbweth once or not at all.

When considering the number of citations (Model, 2d¢ coefficient of multiple movements
has a significantly positive impact on the depemndamiable. In particular, multiple movers
receive on average 0.5 more citations (3 year agdat window). Table 1 shows that the
mean number of citations per patent amounts to. II&&refore, an increase by 0.5 means
that the number of citations increases by one thihich is quite a large effect.
Consequently, the patent applications of multiplevers are considerably more valuable

compared to single movers or non-movers.
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The multiple movers dummy also affects the numbeslaims per patent (Model 2e) — but
only when the 4 year period is considered. Tabtiisplays that the number of claims per
patent increases by 0.7. Comparing this result i descriptive statistics provided in

Table 1 (the mean number of claims per patent atsaion10.6), 0.7 equals an increase by

about 7%.
number of applications share of applications opposk
Model 1la Model 2a Model 1b Model 2b
4 years 3 years 4 years 3 years 4 years 3 years yedrs 3 years
d_mobile -1.011* | -0.707 -1.819**F-1.293** | -0.015 -0.022 -0.019 -0.028*
[0.579] [0.441] [0.658] [0.502] [0.013] [0.014] | 0[014] [0.016]
d_post 1.597**| 1.071* | 1.597**| 1.071* | -0.023* | -@27** |-0.023* | -0.027**
[0.579] [0.441] [0.577] [0.440] [0.013] [0.014] | 0013] [0.014]
d_mobile *
d_post -0.281 -0.355 -0.281 -0.355 0.021 0.0351 2D.0 | 0.035*
[0.818] [0.624] [0.817] [0.623] [0.018] [0.020] | 0018] [0.020]
d_mult_mobile 1.481* | 1.074* 0.009 0.011
[0.580] [0.442] [0.013] [0.014]
Constant 5.446*** | 4.460** | 5.446*** | 4.460** | 0.072** |0.078** |0.072*** |0.078***
[0.409] [0.312] [0.408] [0.311] [0.009] [0.010] | 0J009] [0.010]
Observations 1408 1408 1408 1408 1408 1408 1408 8 140
R-squared 0.015 0.012 0.019 0.016 0.002 0.003 0.0030.004
F-test (df) 6.91(3) 5.53(3) 6.83(4) 5.63(4) 1.12(3) 1.46(3) 0.96(4) 1.26(4)
number of refelren.ces per patent number of citations per patent application
application
Model 1c Model 2c Model 1d Model 2d
4 years 3 years 4 years 3 years 4 years 3 years yedrs 3 years
d_mobile 0.035 0.003 0.074 0.04 -0.066 -0.099 085|-0.372**
[0.124] [0.128] [0.141] [0.146] [0.121] [0.128] | O[138] [0.145]
d_post 0.106 0.064 0.106 0.064 -0.6901%0.615*** | -0.690*** | -0.615***
[0.124] [0.128] [0.124] [0.128] [0.121] [0.128] | O[121] [0.127]
d_ mobile *
d_post 0.240 0.318* 0.24 0.318* 0.200 0.289 0.200| .289
[0.175] [0.181] [0.175] [0.181] [0.172] [0.181] | OL71] [0.180]
d_mult_mobile -0.071 -0.069 0.520** 0.501*
[0.124] [0.128] [0.121] [0.128]
Constant 4.202%* | 4.228** | 4.202%* | 4.228** | 1.997* (1.976** |1.997** (1.976***
[0.088] [0.090] [0.088] [0.090] [0.086] [0.090] | 0[085] [0.090]
Observations 1408 1408 1408 1408 1408 1408 1408 8 140
R-squared 0.008 0.009 0.009 0.014 0.034 0.021 0.0460.031
F-test (df) 3.89(3) 4.11(3) 2.99(4) 3.15(4) 16.23(89.95(3) 16.92(4) | 11.38(4)

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%

Table 3:

Difference-in-differences regression 8Xegression) (N = 1,408)
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number of claims per application number of inventos per patent

Model 1e Model 2e Model 1f Model 2f
4 years 3 years 4 years 3 years 4 years 3 years yedrs 3 years
d_mobile 1.188** | 1.144* | 0.818* 0.816* -0.045 073 -0.256* | -0.250*
[0.366] [0.388] [0.417] [0.442] [0.121] [0.123] | O[138] [0.140]
d_post 0.731* | 0.630 0.731* | 0.630 0.087 0.056 d.08 | 0.056
[0.366] [0.388] [0.366] [0.388] [0.121] [0.123] | 0[121] [0.123]
d_ mobile *
d_post 0.036 0.214 0.036 0.214 -0.226 -0.233 -0.226-0.233
[0.518] [0.549] [0.518] [0.549] [0.171] [0.174] | O71] [0.174]
d_mult_mobile 0.679* 0.600 0.387* 0.323**
[0.368] [0.390] [0.121] [0.123]
Constant 9.576***| 9.607**| 9.576*** | 9.607** | 3.202* |3.215"* |3.202*** |3.215***
[0.259] [0.274] [0.259] [0.274] [0.086] [0.087] | 0[085] [0.087]
Observations 1408 1408 1408 1408 1408 1408 1408 8 140
R-squared 0.021 0.02 0.023 0.021 0.004 0.005 0.0110.010
F-test (df) 10.01(3) | 9.38(3) 8.37(4) 7.63(4) 1.74(3| 2.34(3) 3.86(4) 3.48(4)

Standard errors in brackets
* significant at 10%; ** significant at 5%; *** sigificant at 1%

Table 3 (continued): Difference-in-differencegnession (OLS regression) (N = 1,408)

Finally, the multiple mover dummy also has a sigaftly positive effect on inventor team
size (Model 2f). Results show that inventor teamhgmnailtiple movers include 0.4 more
inventors (0.3 in case the 3 year period is comsitje Again comparison with the mean team
size provided in Table 1 (the mean team size pnpamounts to 3.16 inventors), reveals
that the number of co-inventors increased by 13@94)1 Overall this result implies that
inventors who move repeatedly, apparently move feomaller firms to larger firms that are
characterized by larger inventor teams, which &raq line with the existing literature (Kim

et al. 2004).

Overall, it is shown that the effect of the muldiphover dummy is quite large. What has so
far not been answered is the question which effdgssdummy variable actually captures.
Again, the multiple mover dummy cannot be interpdetcausally with respect to one
particular move. It rather refers to the whole tiperiod under consideration (4 years or 3

years before and after the move). Neverthelessgthiterpretations of the multiple mover

27



dummy seem possible: first, the dummy could represgperience effects. Possibly multiple
movers may due to their “move-experience” be ablesettle in or to adjust to a new
environment faster. In addition, experienced mowveay be capable to make better use of the
knowledge from their new colleagues. These reqdist to the importance of an absorptive
capacity at the individual inventor level (Cohen/icghal 1990). Second, inventors who
move repeatedly may be different from single mowarsion-movers with regard to their
personal characteristics. For instance, multipleven® may be more flexible, more
cosmopolitan, or more ambitious compared to theresfce group (single and non-movers).
These characteristics can again help multiple nsote@rsettle in faster and consequently to
increase inventive performance. Third, it is possithat the multiple mover-effect reveals
that there is another move which has a strongeldipn output quality than the move
selected for the difference-in-differences analy3is shed more light on this discussion,

further research should analyze multiple moversenctwsely.

6 Conclusion

The objective of this study was to achieve a bettederstanding of the impact of one
particular move of an inventor on his inventive fpanance, in particular, to interpret the
effect of a move on the change of inventive perfomoe causally. This relationship is
important in order to answer the question whethés reasonable to attract inventors from
other firms to enable knowledge transfer. To retth target, a difference-in-differences
estimation was employed which compared the outpatgroup of mobile inventors relative

to a non-mobile control group in a pre- and a postre period.

28



Data reveal that there are some striking gains freowing, in particular, inventors increase
their grant rate due to a move and the patentsalace more valuable. Additionally, results
show that movers had lower means in almost all oreastested in the difference-in-
differences estimation prior to moving comparedhtthe aftermath of a move. For instance,
the grant rate as well as the opposition rate as@d due to the move. Consequently, it

appears that the “bad matches” move to increasehnogtality.

Additionally, results suggest that a move has gelaimpact during a three year window
before and after the move compared to a four yéadow. Assuming that a move increases
match quality, it is surprising that the benefitenh moving seem to dissipate over time.

Possible reasons for a decrease of the benefithméyat:

(1) During the first years inventors profit frometlkknowledge they have transferred from

their former employer. Over time, knowledge spi#oy from other works may dissipate.

(2) *“Old knowledge” (knowledge transferred fronettormer job) that results in new patent

applications may also decrease or become obsotetdime.

(3) Inventors may, due to their merits, be promotetb management positions. An
increasing administrative workload prevents inveaifoom spending time on inventions
and, consequently, makes them invisible in termgadénts leading to a decrease in the

mean output over time.

Finally, multiple movers turned out to perform leetthan single movers or non-movers. In
particular, inventors who moved repeatedly hold enpatents that contain more claims and
receive more citations. Additionally, they work iarger inventor teams. A possible
explanation for the last result is the fact thateimtors frequently move from smaller firms to

larger firms and R&D is organized differently irrge firms. In particular, large firms are
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characterized by larger inventor teams. The ineréasnventive performance may first be
attributable to move experience effects, which énatventors to settle in faster. Secondly,
multiple movers may again improve match quality.msntioned before, the multiple mover
coefficient cannot be interpreted causally to dipalar move since the effect corresponds to
the entire time period under consideration, ilee, ¢ffect does not represent a difference-in-
difference estimate. Consequently, it is also fmdsdhat multiple movers are “star inventors”
who were initially more productive. Future reseanged to analyze multiple inventors more
closely. In particular, surveys should try to idgnstar inventors and to analyze the effects of
multiple movements on both groups (star inventoid average inventors) separately to find
out whether repeating movement actually increasesntive performance or whether key

inventors rather change their employers more often.

When deriving implications from the results presénivithin this analysis it has to be taken
into account that this study only provides explomatresults. Further research has to control
for additional influences on inventive performarsteh as, e.g., the availability of resources
before and after the move. Resources should alé® &a impact on inventive output. First,

larger R&D budgets may result in more output. Sdbgrfirms that have more resources at

their disposal may be more successful in hiring r@taining high quality inventors.

For R&D management the importance of match quddityinventive performance implies
that it is important to analyze the inventors’ mes for moving in order to benefit from
hiring a new inventor. Possible benefits from mgvifor inventors may be knowledge
spillovers from new colleagues, monetary incentivagvancement, or new areas of
application for existing knowledge. This informatican be used to achieve a good match

between the inventor and the hiring firm. Givenighhmatch quality, it is seems indeed
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possible to not only transfer the knowledge embédddean inventor but also to convert this

knowledge in valuable inventions.

Finally, this study provides an empirical settimghich turned out to provide interesting and
rather robust results. Therefore, quasi-experinielg@signs could in future also contribute to
surveys within other contexts such as, for instantbe promotion of employees in
management positions or the analysis of factorssimcess in the context of mergers,

acquisitions or strategic alliances between firms.
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