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Abstract:

Although labor mobility has been recognized as § keechanism for transferring tacit
knowledge, prior research on inventors has so dadlf discussed the impact of a move on
inventive performance. Additionally, existing resgahas neglected the differences in gains
from a move between high and lower performing in@e1 This paper adds to the current
R&D literature by presenting a jointly estimatedaqtile regression to compare the
coefficients of the explanatory variables at difer points of the performance distribution.
Additionally, dummy variables are used to compareentive performance prior and in the
aftermath of a move. Results reveal that inventirghe upper end of the performance
distribution are better able to benefit from a mdoedraw level with or to overtake non-
movers in the post-move period. Whereas at theolotf the performance distribution a
higher level of education has a positive impactruentive performance, education does not
matter significantly at the upper end of the parfance distribution. Data for the analysis was
derived from a survey of German inventors (N = 9)04
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1 Introduction

“We know more than we can tel{Polanyi 1958, p. 55)

Especially in the context of tacit knowledge, tbis-quoted statement of Polanyi must be
accepted to be true. Since knowledge is one ofiribet important inputs into innovative
activity, an often-discussed phenomenon in thedltee 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 (Ari@®82; Almeida/Kogut 1999; Moen 2000;
Rosenkopf/Almeida 2001; Agrawal et al. 2003). Fircharacterized by a “lower technology”
level can use this knowledge to catch up and theisnativated to attract productive inventors
(Gilfillan 1935; Song et al. 2003). In particulahe transfer of tacit knowledge that is
otherwise immobile is facilitated by inventor matyil(Dosi 1988).

What has so far hardly been addressed in the ioveatated literature is the impact of a
move on inventive performance. Trajtenberg (20@H&} is one of the first to analyze the
relationship between mobility and labor productivior R&D personnel. He uses data on
1,565,780 inventors listed on U.S. patent documants finds that mobility has a positive
impact on work performance; in particular, patefteobile inventors receive more citations.
However, Trajtenberg (2005) does not differentlzgénveen the pre-move and the post-move
period. Using instrumental variables techniquesjsH{007a) shows that there exists a
simultaneous relationship between inventor mobiityd inventor productivity: movers are
more productive than non-moving inventors. Morepweore productive inventors are less
likely to move. These results confirm the findingflsTopel and Ward (1992) who propose

that mobility can lead to an improvement of the chabetween employer and employee. A

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



better match quality should then lead to an in@eaghe inventor’s productivity. This view
implies that inventors with poor matches move drat tnventors who have already found a
good match do not change their employer. Schankemhal. (2006) analyze the impact of
the performance of more than 50,000 software irorenin the probability of movement. The
authors do not find evidence that matching is apartant incentive for movement in the
software industry. In fact, asymmetric informatioetween employer and employee about the
value of an invention turned out to be a relevacentive for a move. In particular, ex-ante
observable indicators (e.g., the number of claidesyease the probability to observe a move.
Information, which is only available ex-post (e.the number of citations a patent receives)
has a positive impact on movement (Schankermahn 2006).

However, the existing literature does not alloweripteting the increase in productivity with
respect to a particular move, since previous studli@ave not distinguished between the
performance of an inventor in the pre- and in tbstymove period. To improve on the current
literature, this study employs a treatment (movens)l a control group (non-movers) to
differentiate between the inventive output of mevand non-movers. Dummy variables will
be factored into the regression to compare invengigrformance in the pre- and the post-
move period. Additionally, a jointly estimated qtiberegression is used to compare the
coefficients of the explanatory variables descgbithe 0.25, 0.5 and 0.75 quantile of
inventive performance. This approach allows for lywnag differences in gains from
movement between high and lower performing inventor

This paper makes use of data collected in a lacgke survey of German inventors who hold
at least one granted European patent. The datadeclemographic information on more than

3,000 inventors, for instance, the age and theatthual degree that will be used to construct

2 Ex-ante means at the time of the patent applicati
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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 with pripritears between 1985 and 1999 were
included.

Results reveal that a move has a positive impacineentive performance. In particular,
movers are able to catch up with or to overtakertbe-movers in the after-move period.
These results confirm the importance of match tuddr inventive performance. Results
further reveal that inventors at the upper enchefgerformance distribution are better able to
benefit from a move. Additionally, whereas investat the bottom of the performance
distribution profit from a higher level of educatioinventors at the upper end of the
distribution benefit from the allocation of resoesc

The remainder of this paper is organized as folldBection 2 contains a description of the
dataset and of the variables employed in the eogbiranalysis. Section 3 provides a
characterization of the methodology used and dessrihe construction of the control group.
Section 5 contains descriptive and multivariatelltss Finally, section 6 presents a discussion

of the outcomes and provides implications for fartresearch.

2 Data Source and Sample

2.1  Description of the Data

The data used in this study were collected in therse of a project, sponsored by the

European Commission, called PatiaResearch groups from six European universities
participated in this project. In each of the sixiewies (France, Germany, Great Britain, Italy,

Spain, and the Netherlands) domestic inventors weaneeyed simultaneously regarding their

3 patval is the acronym for “The Value of Europ&tents: Empirical Models and Policy ImplicatioressBd

on a Survey of European Inventors”.



granted EP patentsThe following analysis relies on the German da@&500 EP patents of
inventors who lived in Germany at the time of apgiion were chosen by stratified random
sampling® The sampling procedure was based on a list afratited EP patents with priority
dates between 1993 and 1997 (15,595 EP patentsirafified random sample was used in
order to oversample potentially important patents.

The information was obtained using a questionndire first inventor listed on the patent
document was chosen as the addressee of the s3r0d9; responses were received. The data
from the questionnaire were merged with bibliogiapgnd 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 datasetsponds 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
priority dates between 1985 and 1@9Bwentors 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.

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

> The sample of 10,500 patents includes all opph@sgents (1,048) and patents which were not ogpbsée

received at least one citation (5,333), and a randample of 4,119 patents drawn from the remaifi2g 2
patents.

The lower limit (1985) was chosen, since the ydaetween 1977 and 1984 are characterized by agstro
increase in the number of European patent apmiesitiwhich was caused by the diffusion of the Eeamp
patent after the founding of the EPO in 1978. Hehessume that as of mid-1980, European patentatata
sufficiently reliable source of data to use foreanpirical analysis. The upper limit (1999) was @rsdue to
the limitations in the availability of citation datTo count the number of citations a patent rexkifrom
subsequent patents and to compare citations betpatemts applied for in different years, the numbiker
citations received within a four year time lag frolne publication of the search report was emplogidce
the search report is published about one year affem or an individual inventor applied for thé Ppatent,
patent data as of 2004 are needed to calculateyéaus citation lags for patents with priority ya809.
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Before describing the research methodology, a fiewtdtions of patent data to trace mobility
need to be mentioned. First, a lack of standarndzaif the spelling of inventors’ names in
the patent documents leads to a name matchinggmofhis matching problem complicates
the search for all patent applications per inverggpecially for inventors with common last
names. Identical names may refer to different itmenand different spellings may refer to
the same inventor. Second, incomplete addressathatdhe fact that some female inventors
changed their names due to marriage lead to wrastghes or failure to match. Even if the
matching procedure works well, it is only possitdedentify a move if the inventor applied
for another patent after he changed the employss 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 docunug®s not automatically mean that the
inventor changed jobs. A possible explanation ¥av tifferent applicants is, for instance, a
strategic alliance between two companies or a mefigereduce biases, the classification of
“move” (the inventor changed the employer) and fmave” (the inventor did not change the
employer) was corrected manually after intensirciees. Additionally, the results from the
PatVal questionnaire, including responses relatedhe mobility of the inventors, were
utilized to confirm the matching and mobility outees. Despite these efforts, the resulting
data continue to have some limitations and one tughbe cautious when deriving

implications from the results.

" For more information about the name matching gdoce, see Hoisl (2007a).



2.2  Description of the Variables

A brief description of the variables to be usedvesl as their role in the following
multivariate analysis will be given in the next @giraphs.

Age - The variable contains the age of the inventors9891 The variable will be used to
construct the control group and will also be a muntariable in the regression to capture the
experience of inventors.

Level of education - The questionnaire included a question asking tepamdents 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 postdodtetadies. Again this variable will be used to
construct the control group and will also be fagtbinto the regression as a proxy for the
ability of inventors.

Technical field - Based on their International Patent Classifica(ili#fC) codes, the patent
applications were classified into 6 main technimadas. This classification was proposed by
Schmoch (OECD 1994). The main technical areas weesl as a third criteria to match
inventors into the control group.

Number of citations per patent - This variable includes the average number of citegtithe
patent applications of an inventor received withityears following the publication of the
search reports. According to Harhoff et al. (2008 number of citations is a proxy for the
value of a patent. Therefore, this variable willused as a measure for output quality.
Multiple movement - The information whether an inventor moved (= aehhis employer)
or not will again be used to construct the congrolup. In case an inventor moved repeatedly
within the time period under consideration, onetlhed moves was selected at random. To

control for multiple movement in the regressiorduanmy variable was constructed, taking



the value 1 for inventors who moved more than odagang their “inventive life” (i.e.
between 1985 and 1999), and 0 otherwise.

Inventor team size - This variable provides information about the sifehe inventor team,
i.e., it contains the number of inventors mentionadhe patent document. Team size will be
included in the regression to control for the adkbmn of resources in different R&D projects
and also for firm size.

Technical concentration - Using 30 technical areas (OECD 1994), a Herfindatiéx was
calculated. For each inventor, the number of appbas in the technical areaivided by the
total number of applications was calculated, in fillowing denoted byp. The Herfindahl

index (HI) corresponds to the sum of squared sharapplications:
HI =Y p? (1)

If all patent applications of an inventor belongotte technical area, technical concentration is

at its maximum and the Herfindahl index is equdl.to

3 Research Methodology

To compare the performance of movers and non-mameifise pre- and post-move period, a
pre-post design with control group will be employédrst, movers were assigned to the
treatment group. These inventors had to be at Biagears old in 1986, since it is assumed
that inventors do not become active before theaddgs. Additionally, treatment inventors

had to have changed their employer at least onteelbe 1990 and 1995. Subsequently, a
non-moving control inventor was assigned to easfenior of the treatment group using a
matching approach. In particular, three matchingeiga were employed: the age of the
inventor, his educational background as well asntlaen technical area in which the inventor
is active. Additionally, a congruent 4 year timendow before and after the move was

chosen, since different time periods could havelred in biases due to a different patent
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behavior at different points in time (Hall 2004). dase two or more inventors were potential
candidates for matched pairs, one of these inventas selected at random. Overall, matched
pairs could be found for 352 mobile inventors, hesg in a dataset of 704 inventors who
have been responsible for a total of 11,273 papptications between 1985 and 1999. To
measure the performance of the inventors, the geenamber of citations per patent will be
used.

Since a pre-post design requires knowledge of pleeiic point in time when the move took
place, information on the applicants of the patesmsl the priority dates were used to
calculate a proxy for the exact date of the move.identify whether a move actually
occurred, applicant names listed on the EP patmrdents were employed. In the event that
two successive patent documents belonging to thee saventor contained two different
applicants, it was assumed that the inventor ctiahgeemployer in the time period between
these two patent applications. Since the exact éfrraove was not available, the move date
was estimated by taking the midpoint between treedpplication dates (the last patent before
and the first patent after the move). In case itorsnchanged their employer more than once
between 1990 and 1995, one of these moves wadeskkgcrandom.

In the following, an OLS regression framework vii# employed. In particular, equation (2)
will be estimated:

y = B, + B, * mobile_ pre+ £, * mobile_ post+ S, * stay_ pre
+ B, * control _variables, +u 2

where mobile_preis a dummy variable, taking the value one for mewvier the pre-move
period.mobile_postis a dummy variable, taking the value one for meva the post-move
period. Finally, the dummgtay_ prebecomes one for non-movers in the pre-move period.

stay_posis used as a reference group and refers to norisav the post-move period. The
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control_variablesnclude characteristics of the inventor, e.g.,dalge or the level of education
and characteristics of the employer, e.g., theageesize of the inventor teams.

To learn more about the gains from moving, a qleamggression will be employed. A
quantile regression can be defined as a regrebsised method to model the quantiles of the
dependent variable, conditional on the explanat@ayables (Koenker/Bassett 1978). In the
way that OLS estimates the impact of the explagatariables at the conditional mean of the
dependent variable, quantile regression allows siimate the impact of the explanatory
variables at different points of the conditionastdbution, e.g., the 0.25 quantile or the
median (Eide/Showalter 1999). In economics, ane@afly in labor economics, a “rapidly
expanding empirical quantile regression literaturai be observed (Koenker/Hallock 2001:
151)2 In the following the quantile-regression model ading to Koenker and Bassett
(1978) is estimated:

Qs (Y| X) = Voo + Vo, * mobile_pre+ y,, * mobile_ post+ y, , * stay_ pre
+ V.4 * control _variables, ©

where Q,(y|x ) denotes thefdth conditional quantile of y given x. The model wilk

estimated by the 0.25, 0.5 and 0.75 quantiles.

To calculate and to test differences between aoeffis describing the three quantiles, a
jointly estimated quantile regression is used. Téwulting coefficients will be the same as
those for estimating each equation separately,guairquantile regression approach. The
difference between both methods is that the joppreach produces an estimate of the
variance-covariance matrix of the quantile estimsatéa bootstrappirigwhich allows testing

differences in the coefficients describing the cdeied quantiles.

8 See, e.g., Chamberlain (1994), Buchinsky (1994 litzenberger (1999) for an application of tharile
regression method in empirical studies comprisaigpt market related issues.

° For a more detailed description of the bootspagrentile method, see Hahn (1995).
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4. Results

4.1  Descriptive Results
Table 1 provides descriptive statistics of the abepecified variables for the treatment and
the control group separately. As already mentiortled, final sample contains 352 mobile
inventors and 352 non-mobile control inventors, whave the same age, educational
background and technical specialization.

Table 1

Descriptive statistics of the treatment group«N= 352) and the control group
(Ncontrol = 352); pre/post variables refer to the 4 yearoper

Mobile inventors (N = 352)  Control inventors (N = 52)

Variable Mean S.D. Min. Max. Mean S.D. Min. Max.
cumulative number of citations * 19.5632.26 O 372 22.16 4080 O 547
number of citations per patent application 3.372.74 0 20 330 237 0 13.93
multiple movement 055 050 O 1 0 0O O 0
size of the inventor team ** 3.09 137 1 325 148 1 8

secondary school/vocational training/

high school diploma 009 029 O 1 009 029 0 1

university studies 043 050 O 1 043 050 O
doctoral/post-doctoral studies 048 050 O 1 0.48 0.50

technical concentration 0.77 0.23 O 1 078 023 O

age in 2003 55.02 8.64 42 74 55.02 8.64 42 74

* In a one-sided t-test, the difference between engwand non-movers turned out to be significant.
** |n a two-sided t-test, the difference betweenvers and non-movers turned out to be significant.

The patent applications of mobile inventors recgiaa average of 19.56 citations from
subsequent patents (each application received @mage® 3.37 citations). Non-mobile
inventors received on average 22.16 citations (iBftions per patent application). The
difference between the two groups is significarthat10% level. Although the average of the
total number of citations is higher for the non-rasy the movers overtake their control

inventors in case the number of citations per gaipplication is considered. This difference
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can be explained by the fact that the non-movet®nky receive more (cumulative) citations
but also hold more patents.

About 55% of the mobile inventors moved repeate(®$% of the overall sample).
Furthermore, the inventors (movers and non-movare)characterized by a high level of
education. More than 90% of the inventors earnadhiaersity degree. 48% even have a
doctoral degree. The age of the inventors variéwden 42 and 74 years and has its mean at
55 years. Overall, inventors are rather specialized technical concentration amounts to
77% for movers and to 78% for non-movers. Furtheenmobile inventors work in teams
that consist of an average of 3 inventors, varygetiveen 1 and 9 (maximum team size for
non-movers = 8, mean = 3). The difference betweexens and non-movers as to inventor

team size is significant at the 5% level.

4.2  Multivariate Results

Table 2 compares the results of an OLS and a yoe#timated quantile regression analysis.
Models 1 and 2 refer to the OLS results. Model @itamhally includes a control dummy for
multiple movement. Models 3 and 4 contain the ouie® of the jointly estimated quantile
regression at the 0.25, 0.5 and 0.75 quantilesinAgdodel 4 includes an additional dummy
variable controlling for repeated movement.

Results of Model 1 show that movers do not difigngicantly from non-movers in the pre-
move period. In the post-move period movers receiveverage more citations per patent
compared to non-movers. The difference is sigmificat the 10% level. Factoring the
multiple mover dummy into the regression (Modeld2creases the effect of a move in the
pre- and in the post-move period. This is not samy, since the mover dummy captures part
of the explanatory power of the multiple mover duynim Models 1 and 3. However, the

treatment group is still able to profit from a moVehereas, in the pre-move period, movers
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showed a lower performance compared to non-mowersers are able to catch-up with their
non-moving control group in the after-move peribdparticular, after the move took place,
results do no longer show a significant differemmween the treatment and the control
inventors. The same results are obtained from ttamtije regression, although only for the
0.75 quantile. The lower quantiles (0.5 and 0.2%)ndt differ significantly across the four
groups (mobile_pre, mobile_post, stay pre, and gtast). Again, mobile inventors are able
to overtake the control group in the after-moveiquer(Model 3c). If the multiple mover
dummy is included (Model 4c) we observe a levebfighe treatment and the control group.
However, movers are not ahead of non-movers inpiteemove period. Therefore, the
endogeneity proposition of high inventive performmaarin the pre-move period increasing
mobility which in turn increases inventive perfommea in the post-move period does not
seem to hold. On the contrary, it appears tha thé “poor matches” that move to increase
the match and also inventive performance. Thisum tonfirms the findings of Topel and
Ward (1992). However, results reveal that higheangiles, i.e. high performing inventors,
seem to be better able to profit from a move andatch-up with or to overtake the non-
movers.

At first glance, it is striking that that non-mogifnventors receive less citations per patent in
the post-move period compared to the pre-move gdiodel 1: stay pre dummy = 0.18);
the effect is significant at the 5% level. This aahe is especially surprising since the
number of citations per patent rather increased tuee. A plausible explanation for this
outcome is the fact that inventors over time sparidrger share of their working hours on
administrative duties, e.g., in case inventorspggetmoted into management positions (Hoisl
2007b). Consequently, these inventors become mudenare invisible in terms of patents
and also of citations. In part this effect is captuby the age variable. In particular, results

show that age has a negative effect on the numbeitadions per patent and this effect
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increases at higher quantiles. However, to somenéxhe effect - inventors become less
visible in terms of patents - is also measuredheydtay pre variable. Whereas the effect is
negative and not significant at the 0.25 quantileecomes positive (but still insignificant) at
the 0.5 quantile. Finally, the effect increases @edomes highly significant at the 0.75
quantile (0.35). Since rather high performing inees are promoted into management
positions, it is not surprising that the negativefficient of age and the positive coefficient of
stay_pre increase at higher quantitgs.

Model 2 (OLS) and Model 4 (quantile regression) fcam that multiple movers produce
patent applications that are on average more highied. Model 2 reveals that multiple
movers receive on average 0.3 more citations. [s@ statistics (Table 1) provide
evidence that the mean number of citations pempa@ounts to 3.3. Therefore, an increase
by 0.3 means that the number of citations incredse9%. Consequently, the patent
applications of multiple movers are more valualdmpared to single movers or non-movers.
Three interpretations of the multiple mover dumnegra possible: first, the dummy could
represent experience effects. Possibly multiple er®wnay due to their “move-experience”
be able to settle in or to adjust to a new envireniiaster. In addition, experienced movers

may be capable of making better use of the knovdddgrned from their new colleagues.

19 As a robustness check, the performance of theniov before and after a selected move relatiwee ¢ontrol
group was analyzed using a difference-in-differen(i®iD) approach. To measure inventive performance
quantity measures (number of patents per invea®yell as quality measures (grant rate, rate tfdrawal,
rate of refusal, opposition rate, and number datidhs) were employed. Results show that the nurober
applications does not change due to the move. Herydlve incident of a move has a positive impacthan
mean share of applications granted. Furthermormapee seems to have no impact on the share of gatent
refused by the patent examiner. In case the shiatent applications withdrawn by the applicant is
considered, a move has a negative impact. Wheheashiare of withdrawals prior to the move is lariger
the movers than for the control group, it becommsilier afterwards. The share of oppositions reckive
within the opposition term of nine months after ffeent was granted is lower in the movers’ groefoie
the move took place and higher afterwards. AccgrdinHarhoff and Hall (2003), the number of opposis
a patent received is a proxy for the value of tlaept. Opposition results hence confirm that patent
applications of the mobile inventors become morpartant after the move. In addition, citation cauatso
underline the proposition that a move has a pa@stiffect on the value of after-move patent appbicat The
difference-in-differences estimator indicates it number of citations increased after the move [atter
finding is consistent with the results describethis paper.
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These results point to the importance of an abs@rphpacity at the individual inventor level
(Cohen/Levinthal 1990). Second, inventors who moepeatedly may be different from
single movers or non-movers with regard to theirspeal characteristics. For instance,
multiple movers may be more flexible, more cosmitgn] or more ambitious compared to
the reference group (single and non-movers). Tlebseacteristics can again help multiple
movers to settle in faster and consequently tceem inventive performance.

Finally, this outcome may also be explained byfdet that an inventor who moved works
within the same technical area at his new job. R&D teams working in the same area
produce patent applications which form potentiatesof-the-art to be referenced by the
patent examiner of the EPO during the search psoddg references from the search reports
are used to calculate the number of citations frembsequent patents, therefore, more
references also lead to more citations. To conthi® assumption, the citing patents have to
be analyzed more closely. In particular one woudvehto find out whether part of the
citations received by the after-move patents defigm the former employer of the mobile
inventors. The former employer could be seen a&argl source of self-citations.

Comparing the coefficients of the multiple movemday across different quantiles reveals
that at the 0.25 quantile (Model 4a) the coeffitiehthe multiple mover dummy is much
smaller than at the 0.5 and the 0.75 quantiles @&odb and 4c). Additionally, at the 0.25
guantile the effect is not significant at the 108dl. This means that multiple movers at the
0.25 guantile do not perform better compared to-non single movers. A possible
explanation is that low performing inventors arecéul to change their job repeatedly, for

instance, due to a dismissal.
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Table 2
Comparison of OLS and jointly estimated quantilgression
(dependent variable: average number of citationpatent for a 4 year window before and after tloze) (N = 1,408)

Model1 | Model 2 Model3a | Model3b| Model3c| Modeta | Model4b | Model 4c
oLS Quantile Regression (jointly estimated)
0.25 | 050 | 0.75 | 0.25 | 0.50 | 0.75
dependent variable average number of citations per patent (4 year winow around the move)
mobile_pre (dummy) 0.128 -0.015 -0.017 0.015 0.240* | -0.071 -0.085 -0.002
[0.079] [0.082] [0.057] [0.093] [0.073] [0.060] 0.080] [0.136]
mobile_post (dummy) 0.130* -0.011 -0.022 0.074 028 -0.077 -0.026 0.137
[0.072] [0.084] [0.052] [0.080] [0.129] [0.067] 0[103] [0.106]
stay_pre (dummy) 0.176** 0.175* -0.012 0.064 0.345 -0.058 0.073 0.345***
[0.078] [0.078] [0.048] [0.061] [0.079] [0.057] 0p79] [0.085]
multiple movement (dummy) 0.259*** 0.080 01 0.356***
[0.082] [0.069] [0.074] [0.113]
age in 1999 -0.013*** -0.014%** -0.0003 -0.009*** | 0.013*** 0.000 -0.009*** -0.017%***
[0.003] [0.003] [0.001] [0.002] [0.004] [0.002] 003] [0.005]
level of education, terminal degree (reference grdigh school diploma or less)
university studies -0.051 -0.058 0.002 -0.008 -0.05 0.0001 -0.056 -0.079
[0.094] [0.094] [0.027] [0.121] [0.102] [0.032] 0[139] [0.121]
doctoral/postdoctoral studies 0.197** 0.167* 0.370* 0.217 0.198 0.269*** 0.155 0.092
[0.098] [0.098] [0.060] [0.152] [0.128] [0.065] 0[150] [0.121]
technical concentration 0.022 0.057 -0.338**4 -@07 0.172 -0.331 % -0.052 0.199
[0.099] [0.101] [0.084] [0.103] [0.136] [0.082] 094] [0.129]
number of inventors 0.094*** 0.091**+* 0.015 0.081* | 0.165*** 0.019 0.074** 0.152%*
[0.022] [0.022] [0.024] [0.032] [0.024] [0.020] 0024] [0.026]
Constant 1.240*** 1.266*** 0.349**+* 0.94 7+ 1.181** 0.371*+* 1.022%** 1.485***
[0.227] [0.228] [0.104] [0.180] [0.285] [0.127] 029] [0.319]
Observations 1408 1408 1408 1408 1408 1408 1408 8 140
R-squared 0.060 0.067
Pseudo R-squared 0.049 0.027 0.052 0.05( 0.029 0.057
Robust standard errors in brackets X X
Bootstrap standard errors in brackets X X X X X X

* significant at 10%; ** significant at 5%; *** sigificant at 1%
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The results given in Table 2 further reveal thatdleterminants of inventive performance also
vary considerably across different points of thendittonal performance distribution.
Therefore, it can be assumed that the results efgthantile regression approach provide a
better understanding of the factors influencingemwe performance. Whereas, at the 0.25
quantile, doctoral and postdoctoral studies inard¢he average number of citations per patent
by 31% (Model 3a), a doctoral or a postdoctoralrdegloes not have a significant effect at
the higher quantiles.

The same applies to the technical concentrationth&t 25 quantile, higher specialized
inventors produce less cited patents (Model 3a)hAt0.75 quantile technical concentration
affects the dependent variable positively, althonghsignificantly. Therefore, it seems that
whereas a specialization on a small number of feahareas is a disadvantage at the bottom
of the performance distribution, it may be an adage at a higher performance level.
Additionally, results of Model 3 show that teamesizvhich forms a proxy for firm size and
the allocation of resources, does not matter athibitcom of the inventive performance
distribution (0.25 quantile), but increases inveatiperformance at the higher quantiles.
Additionally, the size of the effect at the 0.75aqtile is twice as high as that at the 0.5
quantile. At the 0.5 quantile, one more inventar fgam leads to an increase of 2.4% in the
average number of citations per patent. The inergashe average number of citations per
patent at the 0.75 quantile amounts to 4.8%. OlsWounigh performing inventors are better

able to make use of the resources they have atdispiosal.

5 Conclusion

The objective of this study was to achieve a betteterstanding of the impact of a move on
inventive performance. To reach this goal, a pret-pesign with control group was employed

to analyze the output of a group of mobile investalative to a non-mobile control group
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before and after a selected move. Additionally,omtly estimated quantile regression
approach was used to analyze whether returns froming vary across different points of the
conditional performance distribution of the invamsto

Data reveal that there are some striking gains fnooring; in particular, it seems that “poor
matches” move to improve match quality. Additiogalinventors at the upper end of the
performance distribution are better able to benkefin a move to draw level with or to
overtake their non-moving control inventors. Howeveot only the gains from moving but
also the determinants of inventive performance vagross different points of the
performance distribution. Finally, multiple movergned out to perform better than single
movers or non-movers. It is important to mentioat tthe multiple mover coefficient cannot
be interpreted with respect to a particular mougesthe effect corresponds to the entire time
period under consideration. Consequently, it i® glessible that multiple movers are “star
inventors” who were initially more productive. Tkéore, future research needs to analyze
multiple inventors more closely. In particular, #ys should try to identify star inventors and
to analyze the effects of multiple movements orhbgitoups (star inventors and average
inventors) over time to find out whether repeatedvimg actually increases inventive
performance or whether key inventors change thepleyers more often.

For R&D management the importance of match quddityinventive performance implies
that it is crucial to analyze the inventors’ mosvier moving in order to benefit from hiring a
new inventor. Possible benefits from moving forantors may be knowledge spillovers from
new colleagues, monetary incentives, advancememtew areas of application for existing
knowledge. This information can be used to acheey®od match between the inventor and
the hiring firm. Given a high match quality, it se® possible to not only transfer the
knowledge of a high performing inventor but alsoctmvert this knowledge into valuable

inventions.
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