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Leisure Time Invention —
Waste of Effort, or Wellspring of Breakthrough Id@a

Abstract

This paper seeks to understand the intriguing hlyt sparsely explored phenomenon of “leisure time
invention,” where the main underlying idea for thewv product or process occurred when the inventor
was away from the workplace. We add to previousarsh by focussing on the inventive creativity of
the individual researcher, and reassessing theeimmhesearchers inventing during unpaid time — who
have often been dispatched as “hobbyists”. Baseth@mesponses from a survey of 3,000 German
inventors, we test hypotheses on the conditiongmundhich leisure time invention is likely to arise,
and how valuable it is. We find that the incidentdéeisure time invention is positively relatedhigh
workplace inventive productivity, and exposure tovaiety of knowledge inputs. Leisure time
inventions are more frequently observed in conaddiased technologies than science-based
technologies, and in smaller R&D projects. The agervalue of leisure time inventions exceeds the
value of work time inventions.

1 Introduction

When industrial R&D personnel sharpen their peranild turn out the lab lights prior to setting aif f
home, to what extent do they pigeon-hole their toreavork, and abandon workplace thinking, to
concentrate on the other obligations and pleasafrissure time? The fundamental insight leading to
a successful invention can be made during paid, tom¢unpaid) leisure time. Leisure time inventors
are often dispatched as hobbyists, and their inwestdisparaged as marginal improvements of low
economic value (e.g. Dahlgt al, 2004; Rosenberg, 1994). Yet well-known instarafdgisure time
inventions include the Wright brothers’ early 2@éntury “flying machine” (e.g. Heinsohn, 2007),
Fry and Silver’s invention of Post-It Notes at 3Mthe 1970s (e.g. Reid and De Brentani, 2004), and
Bednorz and Mdller's Nobel prize-winning discoveria the field of superconductivity in 1986

(Emanuelson, 1999)All these inventions eventually led to multi-billi dollar businesses.

! The Wright brothers’ crucial leisure time insigtdme from observing how vultures bank their windew
turning in flight. Until then, the problem of howirplanes could turn safely had bedeviled flierst no
infrequently with fatal results. Art Fry, a senicliemist at 3M and a singer in his church choir andays,
had been trying to discover a new use for his aglle Spencer Silver’s invention of a non-stickyesilve.

Fry reportedly got his flash of genius while hisnohiwas wandering during a sermon: that the adhesive
attached to paper, could provide a reliable meamsark songs in the church hymnal. Bednorz and énll
top scientists at IBM’s Zurich Laboratories, hadatork secretly in their leisure time to determinbether or
not superconductivity could be achieved at higleengeratures, since their goal went against thentsiie
consensus of the time, and they feared their ereplapuld disapprove (see Section 2).



This study explores the degree to which leisure tinvention can be dismissed as a waste of effort —
or a source of breakthrough ideas. Under what tiondiis it likely to arise? Is it more prevalent f
certain types of projects than others? How valuablé? We differentiate between “leisure time
invention,” and “work time invention,” according the time at which thenain underlying ide#or the
invention occurred.Possibly the resulting invention was further depeld in the inventor’s leisure
time, but it may equally have been developed duwogk time, or a combination of the two. Our

analytical focus is thus at the level of the indivl invention, not the inventor.

The leisure time inventors in this study have ayeaof backgrounds. They include scientists employed
in a corporate R&D department (employee-invent®&4%), and self-employed (or free) inventors
(7.6%Y. The idea may have been inspired while pursuidmlaby, exchanging ideas with friends,

watching television, or engaging in a recreatiamtlvity. Or, like Archimedes, they may have been

inspired while taking a bath.

To our knowledge, this is the first empirical syra the determinants of the incidence and value of
leisure time invention. There has been some suggesork on the jointness between leisure time and

work time invention (Davis and Davis, 2007a; 200Tb)an empirical study of the incentive effects of

% In the Patval survey, which provides the datauhich this paper is based (see Section 4.1), relgus were
asked the following question: “Which of the follawj scenarios describes best the creative procastethto
your invention?” Those inventors choosing answer. (Cgot the idea underlying this invention durimgy
leisure time” are, for our purposes, defined adritamade a leisure time invention.

% The German Employees’ Inventions Act appliesltpatentable inventions (patented or not) as aslto any
other technical improvement proposals (882, 3 ArtfSEE made by inventors in organizations which are
governed under German law or in German subsidiafi@gernational organizations. Employee-inventoes
inventors who are employed with such organizatfafisinder the ArbNErfG and free inventors, who sedf-
employed, do not fall under this law. Accordinghe law, employee-inventors have to report theiemions
to the employer and the employer can claim thetighhe invention. In case the employer does tatrcthe
right to an invention, the invention becomes fred aan be exploited by the employee-inventor himsealr
inventions made during leisure time, the law i® @pplicable if the invention is somehow relatedh® work
of the employee-inventor or in case the employ®eritor used resources of his employer to make the
invention. In our sample, for 99.2% of the employmeentions the employer claimed the right to the
invention, i.e. only 0.8% of the employee-invenfonare owned by the inventors (see
http://www.arbeitnehmererfindergesetz.decessed February 14, 2008).

According to legend, Archimedes was given th& @fsdetermining the purity of a crown presentedte
Tyrant of Syracuse. This problem was solved wheohifnedes got into his bath and saw it overflow, he
suddenly realised he could use water displacemenvdrk out the volume and density of the crown.
Archimedes supposedly shouted "Eureka" - | havendoit — and ran home naked in his excitement (see
http://scienceworld.wolfram.com/physics/ Buoyantmh accessed February 14, 2008).




the German Employees’ Inventions Act, Harhoff amaisH(2007) note that the economic value of

leisure time inventions is higher than the valugvofkplace inventions, but do not explore why.

Our paper differs from most studies on corporateriveness, which focus on organizational design
to improve worker creativity (for example, Elsbaatd Hargadon, 2006, Hargadon, 1999; Hargadon
and Sutton, 1997; Weick, 1979, Hacknetral., 1975). Some work analyzes creativity and the lone
inventor (see for example Dahlat al, 2004; Fleming, 2006). Economists have examined/ahae of
unpaid work (subsistence production, housework kworthe informal sector of the economy, and

volunteer work, e.g. Beneria, 1999), but none idelinventive activity in their analyses.

Our arguments are organized as follows. Sectiorxoses the nature of leisure time invention.
Section 3 proposes five hypotheses to test theitbomsl under which inventions inspired during
leisure time are likely to arise, and how valuable patents granted to these inventions are. Se4tio
presents the data source and sample. SectiontS.fodah the model specification and estimatione Th

results of the analysis are discussed in Sect@f@lowed by the conclusion.

2 The characteristics of leisure time invention

There is a large literature on invention and cwigti The inventive process involves the novel
combination of ideas or prior technologies (Gi#fill 1935, Basalla, 1988, Hargadon and Sutton, 1997,
Simonton, 1999, Weitzman, 1996, Weick, 1979), eithhecombining components of technologies in a
novel manner (Nelson and Winter, 1982) or by reigumétion of existing technologies (Hendersen
and Clark, 1990). One implication is that creayishould be increased by exposure to a wide variety
of ideas and components not previously combinedt(2004). The primary focus of this work is on
group invention (Fleming, 2006). Discussions ofugranventive creativity are often based on social
and cognitive psychological sciences, and the eftdccombining ideas or perceptions in new
manners. Thus Hargadon (1999) argues:

Group interactions elicit relevant though often futvious knowledge from how individuals

regard the current situation or past experiencestagger creative ways of combining those

ideas to solve new problems. In practice, groupgenofcreate novel and unexpected

combinations of an organization’s past knowledgewmys that individuals or more formal
organizational structures do not (p. 137).



Typically, inventions are made by teams in huge R&Djects. But an individual team member may
still contribute the main idea. Therefore, althoingghly neglected in the existing literature, thmegse

inventor (as a part of an inventor team) is sfillionost importance.

Arguably, the conditions that inspire people toeinvduring their leisure time will involve not ondy

group exchange of ideas (as described, for examplelargadon, 1999), but also the underlying

mental processes of the individual engaged in thatiwe inventive process. This mental process has

best been described by the French genius and pthiyiHenri Poincaré at the turn of the last century.
The appearance of sudden illumination is a maniéégt of long unconscious prior work.
During a period of apparent rest ‘great numbersoohbination [of ideas are] blindly formed by
the subliminal self. Most are useless and remaiconscious but particularly ‘harmonious’,
'useful’ and ‘beautiful’ ones may break into commeiness. ‘Initial intense prior conscious work
on the problem is necessary to ‘unhook’ relevaeagdfrom fixed positions so that they are free
to join during the unconscious process.’ Creatiistyhe ‘conscious but unsuccessful effort to
solve a problem sets in motion a conscious prateddeads to a random combination of ideas,
one of which may emerge as an appropriate creatitgion’ (Poincaré, as transcribed in R.T.
Brown, 1989: 5).

To probe the essence of leisure time inventionpaad to understand what might be unique about the

dynamics of the creative processtsidethe workplace. Central to achieving this undeditag, we

believe, is the literature on the conditions unalkich the proverbial “flash of genius” might occur.

Poincaré's observation is underpinned by the psydigtic approaches to creativity that explore the
tension between conscious and unconscious drivas, (K952, Kubie, 1958; for more recent work,
see Noy, 1969, Rothenberg, 1979, Suler, 1980, anthfitkd and Gustafson, 1996). Kris (1952)
considers the role of adaptive regression and edéiba. Adaptive regression, as a primary process,
refers to the intrusion of unmodulated thoughtscdmsciousness, which may stimulate creativity.
Unmodulated thoughts can occur during active pratdelving, but often occur in sleep, intoxication,
fantasies, daydreams or psychoses. ElaborationsaEandary process refers to the reworking and
transformation of primary process material throwghlity-oriented ego-controlled thinking. Kubie
(1958) emphasized the preconscious, which fallsvéen conscious reality and the encrypted
consciousness, as the true source of creativipguse thoughts are loose and vague but interpeetabl
A particularly valuable insight concerns the doubde of the unconscious, which can also be a

barrier to creative thinking, especially if the onscious leads to fixated, repetitive thinking.



But how can these creative combinations of leiguree subconscious and conscious thoughts or
concepts be applied to the inventive process? hdatet al. (2003, 2004) suggest that bits of known

information can be divided into two categories: Sliuledge space” (a set of relevant propositions for
the creative agent), and “concepts” (propositiohgtv have no logical space in the knowledge space).
Creativity involves the process by which propositidrom the knowledge space are transformed into
new concepts, and by which conceptual propositewsasncorporated into a new extended knowledge
space. These scholars distinguish between twornygjes of inventive process: those where there are
many concepts and conceivable conceptual partiiomsceptual-based, Type | creativity) and those
involving “sophisticated knowledge with a limitedrceptual development,” (science-based, Type |
creativity). In both cases, it is necessary to wimrthrough many different concepts/combinations to

achieve a specific set of events, identified thiokigowledge space propositions.

Two examples help us to extend this logic to leigime invention. On June 12, 1979, thessamer
Albatross a human-powered light aircraft invented by Pawlchkady, made the first successful 36
kilometer flight across the English Channel. Madsés insight was to take the concept of a human-
powered flying machine and create various concépaitions: bicycles, pedal power, carbon fiber
materials, polystyrene, transparent mylar wrappandpigh aspect ratio (size of wings to the overall
size of the craft concerned). These concepts maathing in themselves as they were not, as such,
part of a logical knowledge space (they did nowarsto the question “true or false”). They could,
however, be related to the existing knowledge sptmee weight of the vehicle should be light (the
Gossamer Albatrossveighed 32 kg); new materials would contributeréolucing weight and to
strengthening enormous wings (29+ meters in exteatgasing the lift to power ratio; pedal power is
the most efficient form of human power, (developihg hp, enough to propel the aircraft). Using
Hatchuelet al's (2003) terminology, Macready was utilizing the Wmoproperties in the knowledge
space (K) to expand his conceptual space (C), asdversa, creating “conjunctions and disjunctions
between K and C”. This interaction led to the exgdam of both what is known in the knowledge

space, and the number of concepts in C (for exarapleltra-light but strong carbon fiber skeleton).



Compare this with Mueller and Bednorz’s quest foreav oxide superconductor. Here, the knowledge
(K) space was vast. The goal was to develop méderiavhich electrical current could flow without
encountering any resistance. Secretly, in thesule time — but using the lab equipment and maderia
of their employer, IBM Zurich — the two scientigtsperimented with over 200 different combinations
of ceramic oxides (materials discounted by othéntists). Eventually, they successfully increased
the level of superconductivity from 23.2K, wheré#éd been stalled since 1973, to about 30 K, paving

the way for its subsequent widespread industriaf us

With the Gossamer Albatrosshere were many different concepts and a relatiwvall known set of
knowledge space propositions (conceptual-basedge Tlygreativity). With superconductivity, by
contrast, there were relatively fewer conceptsgualoly just one: that a particular ceramic oxideldo

be found with zero resistance superconductivityal®0K — but a highly sophisticated and vast set of

knowledge propositions in the knowledge space iiseidased, Type Il, creativity).

3 Hypotheses

This section develops hypotheses to explain thielémce and value of leisure time invention. Our
hypotheses are inspired by the literature on gfi@tenanagement, the combinatory nature of

creativity, the differences between technical feland cognitive psychology.
3.1 The problem-solving process

First, we believe, the probability to observe asue¢ time invention is related to the inventor's
enhanced ability to solve problemile away from work. Studies on organizationadiga show how

a challenging work environment, extensive decisiaking autonomy and exposure to constructive
feedback can foster creativity, while high workloadd time pressures punctured by frequent

interruptions, substantially reduce it (e.g. Amalat al., 1996, 2002, Fraser, 2001, Hacknetnal.,

>A year after Mueller and Bednorz announced thiscalery, researchers at the University of Alabamd the
University of Houston produced ceramic conductofsere superconductivity was achieved at above the
temperature of liquid nitrogen, a gigantic breatittyh as it brought such superconductivity withia thalm of
industrial use. Since industry use of liquid nigagas a refrigerant is widespread, this openedamyrimdustrial
development opportunities. Zero resistance supergdivity may be vital to instrument size, energy
conservation, or increased magnetic fields.



1975, Shalleyet al., 2004, Muelleret al, 2001, Perlow, 2001). Putting employees underneh
pressure may turn an intellectually challenging anjyable job into a stress-inducing and exhagstin
one. Amabileet al. (2002), for example, show that professional wakeho suffer from intense
workload and time pressure produce almost half@&synsreative ideas as they would produce without
these pressures. According to Hallowell (2005), nvitee brain’s frontal lobes are overwhelmed by
too much information related to decision-making ghahning, a person’s ability to solve problems
creatively also declines. In such cases, loweroperdince pressures should enhance creativity (e.g.

Glynn, 1994, Carver and Scheier, 1994).

To overcome workload pressure, the literature psepo‘free time,” which reduces stress and
facilitates the cognitive process of reflective nfing, an important determinant of creativity
(Armbruster, 1989). Elsbach and Hargadon (2006yesigallowing employees to engage in simple,
“mindless” tasks low in cognitive difficulty and germance pressures (like photocopying or
unpacking supplies) as part of their normal wortkestules. This should help to free their minds from
unproductive fixations on difficult tasks, potetifaopening up new and more fruitful lines of
thinking (Smith, 1995; Elsbach and Hargadon, 200Bj)eativity seems to be enhanced by a

combination of worker involvement in, and detachtrieam, the task at hand (Schon, 1983).

We submit that the leisure time inventor is ideglgtced to combine both. If we extend Elsbach and
Hargadon’s (2006) logic to the leisure time inventbe potential to engage in mindless tasks should
arguably be greater away from work (such as weetlieggarden or taking out the trash), than at
work. More generally, by being physically absennfrwork, the inventor can better escape creativity-
killing workload pressures (Amabilet al., 2002) and information overload (Hallowell, 2005ni§
should ceteris paribusmake the leisure time inventor more receptive stray” ideas that might

contribute to potentially interesting new combioag of knowledge (Kris, 1952, Kubie, 1958).

A proven track record in inventiveness indicatest #n scientist is able to combine existing ideas in
novel manner. A scientist who exhibits a currethiighly productive level of inventive activity will
ceteris paribusalso be more likely to continue to be a successfidntor. But such a scientist is also

vulnerable to the negative effects of acute wortklpaessures. We would expect, therefore, that a



highly productive researcher’'s problem-solving daliizes will be enhanced by the opportunity to
enjoy “free time” at home. During work time, theceptionally productive researcher is intensely
focused on the task at hand, and therefore leslyltkh be open to “stray” ideas that might conttébu

to interesting new combinations of knowledge. Dgrieisure time, the inventor should be more

receptive to such ideas. This leads to our firgidtiyesis:

Hypothesis1  The incidence of leisure time invention will pesitively related to the current
inventive output of an inventor.
Moreover, the successful inventor must be abledwan a range of knowledge sources, and build on
the latest technical advances. Relevant knowledgats may arise in the inventor's own research
field, but may well also occur in other fields. Bhwe would predict that unless the inventobash
receptive to the intrusion of unmodulated thoudlmsluding ability to suppress the more fixated
subconscious thoughts that inhibit creativity, &gs, 1952, Kubie, 1958nd has been exposed to a
wide variety of knowledge inputs that can potethtile combinable in a novel manner (Burt, 2004),
the idea for the invention is unlikely to occur. giebly, exposure to potentially promising
combinations of new knowledge is best achievetiefinventor has previously engaged in problem-
solving activities with manyifferentpeople, including both people working in the samgaanization,
and people working in different organizations. #ncbe assumed that the inventor is best able to
combine these external sources of knowledge amsdigpress more fixated ideas in case she is freed

from workload pressures, i.e. during leisure tifitaéis leads to our second hypothesis:

Hypothesis 2  The incidence of leisure time invention will pesitively related to the extent to
which the inventor engages in interactions withhboo-workers and people outside
the workplace.

3.2 The nature of the technology concerned

In addition, the probability to observe a leisuneg invention should be related to tlype of problem

to be solvedin the R&D literature, it is well documented thatlustries differ in the amount of
resources devoted to R&D, and in the determinaintsotinological opportunity (e.g. Klevorick et al.,
1995). In Section 2, we differentiated between epigal-based (Type 1) and science-based (Type II)

creativity (Hatchuelet al, 2003). There are far higher uncertainties astattisvith science-based



inventions than conceptual-based inventions. Maggogombining many different concepts in the
conceptual space with relatively well-known propiosis in the knowledge space normally does not
require a high degree of specialization, and shthddefore allow for a greater number of potential
inventions. Arguably, the leisure time insight amisfrom the preconscious (Kubie, 1958) will more
likely occur in relation to projects where the pgeob to be solved is relatively clearly, and narngwil

defined. If the problem is too complex, it is prblyesolved by teamwork. Thus:

Hypothesis 3:  Leisure time invention occurs more frequentlycanceptual-based technologies
than science-based technologies.

Related to this, some types of inventions can bated with relatively few resources, in a relagivel

short period of time, while others require a fagager resource commitment. Arguably, large projects

would necessitate not only resources beyond theaikahle to the leisure time inventor, but also the

extensive coordination of inputs from a varietysofirces. Therefore, we propose the following:

Hypothesis 4  The incidence of leisure time invention will begatively related to the level of
project resources

3.3 The value of leisure time invention

While the generation of new combinations of exigtkmowledge can lead to inventions, this is no
guarantee of success. In the following, we prefier#e arguments as to why ideas created during

leisure time may be more valuable than ideas tfied during work time.

First, as described in Section 2, invention invelaeprocess of recombination. But what makes some
combinations more valuable than others? March amoérs(1958) assume that firms’ R&D activity is

mainly characterized by activities closely relatedtheir core technological domains (local search).
Others contend that “combinative capability”, thelity to move beyond local search, increases the
probability of achieving sustainable competitivevaatage (e.g. Kogut and Zander, 1992, Rosenkopf
and Nerkar, 2001). Fleming and Sorenson (2004) skmpirically that applying knowledge from

other domains (such as relying on research reBolts science) enhances technological innovation,
since it alters conventional search processes amikksnthem less path dependent. Arguably, the

leisure time inventor is uniquely advantaged irs thespect, since she can engage in a range of

10



different activities during her leisure time, with variety of different people, counteracting the
tendencies toward path dependency. To the degatthth leisure time inventor is thereby more likely
to be struck by new, unexpected perspectives dibsta problems that have so far eluded solution,
the resulting inventions wilteteris paribusbe more valuable. However, there may be a linoitati
The literature on social networks shows that petgte to choose friends those similar to themselves
(Blau, 1974, Granovetter, 1983). Thus, seekingaadfriom friends during leisure time may lead to the

exchange of path dependent or even redundant iafam

Second, while an intrinsically motivating work eronment increases creative output, a high-pressure
workplace decreases it (see Section 3.1). Butnmgtonal remedies designed to overcome such
negative workplace pressures, like giving employsesks of free time or the chance to interact with
each other off-site, can in practice be difficwit implement effectively (e.g. Armbruster, 1989,
Elsbach and Hargadon, 2006). For example, studies hast doubt on the degree to which creative
ideas actually emerge from programs granting uosiread employee free time (Staw, 1995).
Managers may not respect such programs when fadgbkdhigh workload pressures (Collins and
Amabile, 1999, Perlow 1999). Off-site “brainstorgiirsessions often serve other purposes, such as
generating status competitions among professiomdlsn the organization, or impressing outsiders
(e.g. Sutton and Hargadon, 1996). To the degredethkae organizational remedies do not work, the
intended output (in the form of commercially valleamventions) will not be realized. The leisure
time inventor, by definition, is not subject to sleepressures. Consequently, it is reasonable tcexp

that leisure time inspirations will lead to morduable inventions.

Our third argument comes from the literature onntibge psychology. In 1974, Steinbruner described
the process of “reasoning by analogy,” involving€e‘tapplication of simple analogies and images to
guide problem definition” (Schwenk, 1984: 117). dther words, analogies from other or perhaps
simpler situations are applied to complex problémgeduce the complexity and uncertainty of a
situation. Existing research showed that reasoljngnalogy is an effective mean to generate creativ
solutions to problems (Huff, 1980; Schon, 1983)tHNfespect to leisure time invention we assume

that concepts from other domains may inspire inuartio overcome fixated subconscious ideas and to

11



find solutions for R&D problems that may also behgjher value compared to ideas that came up

during work time. In sum, this reasoning leadsousur final hypothesis:

Hypothesis 5:  The value of patents granted to leisure timentieas will be greater than that of
patents granted to work time inventions.

4 Data source and sample
4.1 Description of the dataset

The data were collected for a project sponsorethéyeuropean Commission, PatVal (“The Value of
European Patents: Empirical Models and Policy logtions Based on a Survey of European
Inventors”). 10,500 EP patents listing inventowinly in Germany at the time of the application lof t
patent were chosen by stratified random samplirgetbeon a list of all granted EP patents with
priority dates between 1993 and 1997 (15,595 EEnp&lt A stratified random sample was used to
oversample potentially important patefitsmformation about the patented inventions was inbth
using a questionnaire divided into six sectionscti8e A covered personal information about the
inventors; Section B, their educational backgroui@#sction C, employment and mobility; Section D,
the invention process; Section E, the inventorglargls; and Section F, the economic and strategic
value of the patents. As the addressee of the wutie first inventor listed on the patent document

was chosen. 3,346 responses were received, resultanresponse rate of 32%.

The questionnaire data were merged with bibliogiaphd procedural information on the respective
patents from the online EPOLINE database. The datlgontains information on all published EP
patent applications as well as all published PCpliagtions since 1978. The dataset corresponds to

the EPOLINE data as of March 1st, 2003. All vamsblvere constructed at the level of the invention.

®  The sample of 10,500 patents hence includesaddints an opposition was filed against by a thiadyp

(1,048) and patents which were not opposed butwedet least one citation (5,333), and a randompda
of 4,119 patents drawn from the remaining 9,212mat

12



4.2. Definition of the variables and descriptive sttistics
4.2.1 Dependent variables

Leisure time invention This dummy variable reflects the creative preagsderlying an invention, in

particular, if the idea for the invention came wpidg the inventor’s leisure time or work time.

Patent value (1): asset valueFollowing Harhoff et al. (2003) we define thdueof a patent as the
asset value, which approximates the prize recebyethe winner of a patent race. Inventors were

asked to estimate the asset value of the pateatarticular invention using the following questio

This is a hypothetical question. “Suppose that ba tay of the grant of this patent, the
applicant had all the information about the valuetlte patent that is available today. In case
the strongest competitor of the applicant was idéxd in buying the patent, what minimum
price (in Euro) should the applicant have demanded?

The intervals were “less than € 30,000", “€ 30,00& 100,000", “€ 100,000 - € 300,000

“€ 300,000 - € 1 mio.”, “€ 1 mio. - € 3 mio.”, “€EMio. - € 10 mio.”, “above € 10 mio.".

Patent value (2): strategic and economic vatu& second value measure will be used for a rotasst
check. Inventors were asked to assess the ecommmistrategic value of the patent compared to other
patents in the same industry or technological fi¢éldssible answers were: the patent belongs to

(1) top 10%, (2) top 25%, but not top 10%, (3) EQ96, but not top 25%, and (4) bottom 50%.

Patent value (3): size of the patent famil patent family is defined as “all the documemasing at
least one priority in common”We use the number of designated states as a foptlye size of the
patent family. To validate a European patent, fh@ieant must pay a fee, translate the patentthmto
language of each validation country, and pay rehéyes in each country. Thus this variable can be

seen as a good measure for the value of a pateetl€G and van Pottelsberghe, 2000).

4.2.2 Explanatory variables

Current inventive output ¥he number of patent applications listing the namkethe respondents

within a period of one year before the inventiodl@mconsideration is used as a proxy for this.

! Seehttp://gb.espacenet.com/espacenet/gb/en/help/I8laecessed on July 10, 2008.
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Interactions with fellow employeesRespondents were asked about the importance ofingseir
discussions with others (apart from co-inventorglird) the research process leading to the patented
invention. Four categories were distinguished:p@dple who work in the same organization and can
be reached in less than one hour, (2) people isdhee organization who can only be reached in more
than one hour, (3) people from other organizatishe can be reached in less than one hour, and (4)
people from other organizations who can be reaamedore than one hour. Four dummy variables
were created, each taking the value 1 in casesgpondent regarded the respective type of interacti

as important for inventive activity, and zero othise.

Main technical field- Based on the International Patent Classificaf{l®@C), with more than 60.000
technical classes, the patents were classified sixomain technical areas: electricity/electronics,
instruments, chemicals/pharmaceuticals, process@sgng, mechanical engineering, and consumer
goods/civil engineering (a classification proposgdSchmoch, OECD, 1994). To test hypothesis 3,
we classified the 6 technical areas according ® degree of science dependency. Whereas
chemicals/pharmaceuticals are clearly science digmerand instruments, process engineering, and
consumer goods/civil engineering are more concéptbased technologies, i.e. science dependency
is low; electricity/electronics and mechanical ergring do not unambiguously fall in one or the

other category. Therefore, we assume a mediumciggpendency for the latter two fields.

Resources- The number of man-months invested in the rebelading to the patent is used to
measure the resources allocated to the researjgtiprice. the size of the R&D projeth set of five
dummy variables was generated. The intervals @ss‘than 1 man-morith“1-3 man-months”, “4-6
man-months”, “7-12 man-months”, “more than 12 mamnths”. The first category “less than 1 man-
month” is used as a reference group. In the sutheyresources allocated to the project was regdest
ex-posti.e. ideas which have not been further developeath R&D project, and projects which were

stopped very early, are characterized by makingfaesources available. To avoid biased results, we

At this point, it is important to mention thatiject size is not a proxy for the value of thejpct Whereas
the value of a patent refers to the output, thisatsde is an input measure.

A man month refers to the amount of work doneahyaverage worker in one month (excluding breaks or
holidays), i.e. it refers to the total amount ofinterrupted labor required to perform a task (see
http://dictionary.reference.com/browse/personyaacessed on July 7, 2008).

14



test hypothesis 4 conditional on a further develepimof the idea in an R&D project (i.e. we use

interaction terms “research time * idea furtheraleped”).

4.2.3 Control variables

Our theoretical framework comprises those variabMeieh the literature disclosed as most relevant in
explaining the creative process behind an inventod the value of the resulting invention. Butesth
factors, like the characteristics of the inventongght also be important. In the value regression,
control for the determinants of patent value whact proposed in the earlier literature (e.g., Hérho

et al. 2003; Gambardella et al., 2006).

Age— The variable shows the age of the inventoratithe of the survey. Leisure time inventions are
more likely to be inspired by older scientists amgjineers, since they will have had more expogure t
more diverse knowledge types. Age is also a proxyekperience and should therefore be positively

related to patent value.

Level of education Respondents were asked to name their highesatdnal degree: (1) secondary
school, high school diploma, or vocational traini(gference group), (2) vocational academy
(Berufsakademie) or university studies, or (3) doaitor postdoctoral studies. The highest degree is

used as a proxy for inventor abil§which should be positively related to both incidemnd value.

Intrinsic motivation— The inventors were asked to rate the importaficke rewards for making the
invention, “prestige/reputation,” and “satisfactitanshow that something is technically possible,ao
five-point Likert Scale (1 = absolutely not imponta5 = very important). Where they ratbdth as

very important (= 5), the intrinsic motivation dummvas set to one.

Employee mobility- A variable was created indicating whether theemer changed his employer at
least once in his career. Employee mobility brimgsghts and inspirations from the inventor’s forme

workplace, and gives the inventor a more diverskdraund.

10 Griliches (1970) proposed that “ability is theoguct of ‘learning’, even if it is not all a produof

‘schooling™ (Griliches 1970: 93). Moreover, he gaggted to “confess ignorance” with respect to the
potential determinants of ability and to definelifpias gross output of the schooling system (Gmidis,
1970).
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Type of Organizatior This dummy variable is set to one if the invensoemployed by a firm, and
zero if the inventor works for a public or a priwatesearch institute, or a university. We expect to

observe more leisure time inventions for invenrployed with research institutes and universities.

Employee invento— This measure controls for whether the invenwran employee-inventor
according to the German Employees’ Inventions ABEIQ), or a free inventor. The latter are

assumed to be organized more flexibly, and worle tand leisure time might be difficult to separate.

Financing of R&D- The dummy takes the value one if the reseamantinig to the patented invention

was funded by the applicant’s internal sourcesp Zefunded by external sources (e.g., unaffiliated
organizations, government, or financial intermadgr As proposed in hypothesis 4, leisure time
invention should occur more often in smaller prtgeavhich we believe are more likely to be

internally financed.

PCT application- A dummy variable is factored into the value mafl@ PCT application has been

filed for this patent. A PCT application is assunedbe positively related to the value of a patent.

Number of claims The number of claims per patent is used as mypha the scope of an invention
for which patent protection is requested. Withia tfalue regression, this variable is used to cbntro

for heterogeneity that would otherwise lead to dbsoefficients of the explanatory variables.
4.3 Descriptive statistics

Table 1 provides summary statistics for the vaesahlsed in the multivariate analysis for leisuneeti
inventions (6%) and work time inventions (94%), amely. Leisure time inventions occur in all
kinds of organizations irrespective of size or istty, including widely diversified corporations de.
SIEMENS or PHILIPS), large chemical firms (e.g., B2R), the automobile industry (e.g., FORD or

BMW), as well as small and medium sized enterprisas, MELITTA).

(Insert Table 1 about here)

In principle, Table 1 confirms that leisure timevémtions are different from work time inventions.
The median of the asset value of leisure time itigan is higher than that of work time inventions.

However, the difference is not significant. Theastgic and economic value of leisure time invergion
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is slightly but significantly higher than that ofovk time inventions. The size of the patent fanaify

leisure time inventions is significantly larger thimr work time inventions.

Moreover, inventors for whom we observe a leisime tinvention are two years older than inventors
of work time inventions, on average, and less wellicated (13% fewer have a doctoral or post-
doctoral degree). 30% of the leisure time invergiarere made by mobile inventors (2% higher than
for work time inventions). Inventors responsible lgisure time inventions interacted more ofterhwit

colleagues from other organizations, while investwho made work time inventions interacted more

extensively with colleagues employed with the sanganization.

The median of the resources assigned to leisure titwentions is lower than that for work time
inventions. This is not surprising, since the phility that an idea was further developed in an R&D
project is significantly smaller for leisure timaventions (83% vs. 64%). Leisure time inventiorsoal
arise less often in chemicals/pharmaceuticals, monde often in process engineering, mechanical
engineering and consumer goods & civil engineer@i§s of the leisure time inventions were made
by employee-inventors: the corresponding figure vimrk time inventions is 96%. Finally, leisure

time inventions are less often financed using makfunds. All differences are significant.

Figure 1 shows a histogram of the distribution afiepit asset value. The shares are provided for both
sub-samples separately. While patents grantedidoréetime inventions dominate the categories of
high value patents (>3 mio €), the categories of Value patents (<300 T €) are dominated by work
time inventions. This finding is in line with therier literature. Figure 1 also indicates thatevdas

the value of work time inventions follows a rightesved distribution, the value distribution of paten

on leisure time inventions is more ambiguous.

(Insert Figure 1 about here)

5 Model specification and estimation results
5.1 Treatment-effects model

We model the value of the patented inventions &sation of the characteristics of the invention

process, in particular, whether the idea for thesittion came up during leisure time or work time.
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Using an OLS regression model or an ordered probidel to estimate patent value would lead to
inconsistent estimates, if we assume that the sitati whether an invention is made during leisure
time or work time is not at random. For instandegracteristics of the project or of the inventdrat t

can not be observed may influence the processeaf ggneration and the value of the invention. In
that case, the error terms of the two models (@stim of the probability to observe a leisure time

invention and the value regression) are correlatetj consequently, the outcomes are biased.

To account for this bias, we use a treatment-effewidel.
y; =Bx; +0z; +¢,

where y;is the value of the patents; and w; denote explanatory variables, argj is the

endogenous dummy variable (leisure time inventionnot). The binary decision to receive the

treatmentzj is modeled as the outcome of an unobserved latgiable, z’; . It is assumed thaz’; is

a linear function of the exogenous covariatgsand a random componeut . Specifically,

Z, = yw; +u,
. 1 ifz >0
and the observed decision is z; = ! .
0, otherwise

Consequently, we model the decision of a leisume finvention or a work time invention as a function
of a number of explanatory variables which may alffect the value of the patents and of at least on
variable that only affects the decision “leisuradiinvention or not” but not the value of the p&ien

(Imbens and Angrist, 1994; Vella and Verbeek, 199%o variables turned out to work as such an
identification variable, i.e. the status of the entor (employee-inventor or free inventor) and the

financing of the R&D project (internal or exterffiahds).
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5.2 Results

Table 2 summarizes the results of the probit maldal accounts for the incidence of leisure time

invention. The marginal effects are displayed ilusm 2.

(Insert Table 2 about here)

A higher current inventive output was assumed toeiase the probability of leisure time invention.
The data confirm this relationship, i.e. hypothésis confirmed by the data. In particular, five nmo
patent applications in the year before the inventimder consideration significantly increases the

probability of a leisure time invention by 1%.

Results also show that inventors who interact feetjy with co-workers and other people outside the
workplace are 3% (distaneel driving hour) or 2% (distance > 1 driving hompre likely to engage

in leisure time invention. But interactions witHléev employees who work in the same organization
and who can be reached within less than one houwabylecrease the probability of a leisure time

invention by 3%. Overall, hypothesis 2 is confirnisdthe data.

Our results in part confirm hypothesis 3, thatuegstime inventions occur more often in conceptual-
based technologies like instruments, consumer googsocess engineering, than in science based
technologies, like chemicals and pharmaceuticdis. likelihood of observing a leisure time invention
in process engineering is 3% greater than in clamiand pharmaceuticals (reference group). The
effect is significant at the 10% level. Processimegring is the only technical area that exhibits a
significant effect compared to the reference grédmwever, a Wald test confirmed joint significance
of the technical field dummies (chi2(10) = 18.06: ©.054). Finally, the size of the coefficients is
consistent with our ranking of the technologicatee regarding science dependency, which was

proposed in the data section.

Inventions further developed within an R&D projece 6% less likely to be leisure time inventions.
To account for the future exploitation of the ideiaseraction terms were factored into the regoessi
measuring the effect of project size on the prdighif leisure time invention in case the idea was

further developed in an R&D project. Results revaadative and mostly significant effects of the
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interaction terms on the dependent variable. Iriqadar, if the idea for the invention was further
developed within an R&D project and research tiame®unted to 1 to 3 man months, the probability
of a leisure time invention decreases by 6% contpereéhe reference group (less than 1 man month).
The probability of a leisure time invention is |lestdor projects that involved resources of morentha
13 man months (decrease by 9% compared to theenefergroup). Although hypothesis 4 is largely
confirmed by the data, the relationship betweerjeptosize and the incidence of a leisure time

invention is still ambiguous, and has to be analynere closely in further research.

The control variables reveal that an inverted ysslarelationship exists between the age of the
inventors and the probability of a leisure timeention. Neither level of education, nor the type of
organization employing the inventor, significandfect the incidence of leisure time inventionseTh
two variables used as identification variables he treatment-effects model, i.e. the status of the
inventor and financial resources, do have a siggnifi influence on the dependent variable. The statu
employee-inventor has a negative effect on the gluitiby that an idea for an invention comes up

during leisure time, and leisure time inventions muore often financed by external funds.

Table Al (see appendix) provides the outcomes of walue (asset value) regressions. Column 1
summarizes the results of an ordered probit modkich best fits the ordinal structure of the
dependent variable. Column 2 gives the resultdBS regression model. These two models do not
take into account the selection of inventions itite groups ‘leisure time invention’ or ‘work time
invention’. Therefore, we will not interpret thestdts of the two models. However, it is importamt t
show that the results of the OLS regression mod@ln 2) and those of the ordered probit model
(column 1) are consistent with respect to the sagd the significance of the coefficients. The
treatment effects model uses an OLS regression Inmdstimate the asset value of the patents, even

though an ordered probit regression would bettehd& ordinal structure of the value variable.

Table 3 shows the results of the treatment-effewidel. Column 1 provides the results of the probit
analyzing the probability of the incidence of leistime inventions. Column 2 summarizes the results
of the asset value regression which corrects ferstif-selection effect by including the estimatés

the endogenous dummy variable (leisure time or imbt) the value regression. The model tests the
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null hypothesis that the coefficients for correqfing variables in the selection model and the
ordinary OLS model are identical. Results show that null hypothesis can be rejected (lambda =
-0.561; p = 0.040), i.e. the two models estimatimgasset value of the patents lead to differentlie
Thus the application of the two-step model is appate. Additionally, it should be mentioned that
the size of the effect of leisure time inventionasset patent value changes considerably when using
the treatment-effects model, i.e. the effect insesaby a factor of 3. In case the invention came up
during the inventor’s leisure time the asset valfithe patents significantly increases by 1.62,clvhi
can be interpreted as a shift upwards by one veddegory. Consequently, the data also support

hypothesis 5.

Most of the other explanatory variables also havegaificant effect on the value of the patent.
Especially, the resources (research time), thenteahareas and the indicators of the asset patent
value proposed by the earlier literature (Harhoffle 2003), i.e. PCT applications and the numlfer o
claims show the expected signs and are highlyfaigni.

(Insert Table 3 about here)

As a robustness check, two other measures for tpadne were employed. First, we used the
strategic and economic value of the patents. Resadé consistent. In particular, leisure time
inventions significantly increase the strategic awdbnomic value of patents by 1.31. Again, the

application of a treatment-effects model turnstouie appropriate (lambda = -0.468; p = 0.016).

It is possible that inventors might overestimate ¥hlue of patents granted to inventions they made
during their leisure time, leading to biased resitt our multivariate analysis. To test whether our
results might be biased, we include another valeasure which is independent from the inventors’
assessment, the size of the patent family (Guellat van Pottelsberghe, 2000). Results reveal a
positive effect of leisure time inventions on patealue. In particular, family size increases by i
case of a leisure time invention. The effect iswigant at the 1% level. The model also reveals a
selection effect caused by leisure time inventigasibda = -1.897; p = 0.006). Overall, the effefct o
leisure time invention on the asset value, theegra and economic value of the patents, and e si

of the patent family is positive and significant.
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Finally, we present the results of another two sbbess checks. To avoid biases caused by inventions
made by researchers with a flexible work schedwleefe the distinction between work time and
leisure time is difficult or impossible), the trewnt-effects model in Table A2 (see appendix)
excludes self-employed inventors (free inventorsyl anventors employed with public research
institutes or universities. Overall, results ar@gistent with the results for the full sample (TeaB).

The effect of leisure time inventions on the assdue of patents is still positive and significant.
However, the null hypothesis that the coefficigiaiscorresponding variables in the selection model
and the ordinary OLS model are identical can ngédorbe rejected (lambda = -0.445; p = 0.167). This
result is very interesting, since it implies thia¢ £mployment status of the inventor is a drivethef

selection effect.

Finally, one could object that leisure time invens occur by accident. Thus highly productive
inventors are both more likely to make leisure timegentions, and to hold the most valuable patents.
In other words, the positive relationship betweeisure time inventions and patent value may be
driven by the productivity of an inventor. To shtwat the above outlined argumentation does not
apply to our data, a final robustness check waslewctied. The sample was restricted to inventions
made by inventors who hold 10 patents or less (emetpto the full sample: each inventor is on
average responsible for 14.9 patents, ranging leetvieand 394 patents per inventor). Results again
reveal a positive and significant relationship besw leisure time inventions and patent value, which
is highly significant. Again the model confirms election effect, and, therefore, the appropriatenes

of the selection-effects model (lambda = -0.878;(005).

6 Conclusion

From Archimedes’ famous bath to Paul Macready'seimgus combination of bicycle power and
super-light super-strong plastic materials to @é¢heGossamer Albatrosshe invention literature is
replete with stories of how critical inventive igbts have occurred not while the inventor was at
work, but while he was otherwise engaged, what eve tleisure time invention. Working with the
PatVal dataset, we have sought to explain whatrespeisure time invention, and the value of the

resulting patents. To this end, we adopted a weligtibroad theoretical model in an effort to idénti
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interesting phenomena to investigate. Since thiepaas far as we are aware, is the first to examin

this amorphous phenomenon empirically, our conchsimust necessarily be tentative.

We found that leisure time invention has its ownyvapecific characteristics. Some are environmental
(lack of access to internal corporate resource&snéture of collegial relationships, and the ing€ent
age). Others have more to do with the technicalreadf leisure time invention. Our overall results
confirm that leisure time invention is positiveBlated to the both to the inventor’s ability to done
existing ideas in a novel manner, and the abititguppress the more fixated subconscious thouights.

also occurs more often in conceptual-based tecgresidhan in science-based technologies.

Moreover, we found that both the asset value aadtiategic and economic value of such inventions
exceed the value of work time inventions, and tbigure time inventions are positively relatedhe t
size of the patent family. Although the outcomearmahbiguously reveal a positive link between leisure
time inventions and patent value, this should d@est to further research. It might, for instanbe,
interesting to explore possible alternative expliama for our findings on patent value. Perhaps
people who work in their firm’s R&D labs would bé&etted towards solving specific problems. Or,
following March (1991), inventors may well concexter on “exploitation” during work time, and
“exploration” during leisure time, since exploitatiis characterized by lower uncertainty and isljik

to bear fruit in a shorter time. Conducting explimna processes in leisure time enables the inventor
fulfill immediate work goals (during work time) arfdt the same time” express creativity (during
leisure time). Both processes differ with respecthie expected value of the outcome, its varialili
and the planning interval. As a result, work timeentions might be less valuable because they would

be to a certain extent “predictable” — or at leaste predictable than leisure time inventions.

Several implications of our analysis might be higfled. First, since the patents granted to leisure
time invention are more valuable than those forkwtone invention, how can managers best realize
the potential benefits from leisure time inventidnis Section 3.3, we noted that corporate programs
that give employees the opportunity for unstruadudree time do not necessarily achieve their gotls
enhancing creativity. In testing hypothesis 1, wend that a wide variety of interactions with both

workers and people outside the workplace incretfsesncidence of leisure time inventions. What
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makes the leisure time inventor “different” is thsimply by being away from the workplace, she is
able to distance herself from the task at hand. @sults can thus be said to support Elsbach and
Hardagon’s (2006) idea of allowing employees toagregin “mindless” tasks at work, to the extent
that such tasks can help workers create mentalrdistfrom their normal work pressures. A further
implication is that managers who drive their emples to work ever longer hours may reap short-term

productivity benefits, but perhaps lose the longem benefits from employee inventiveness.

There is a need to develop new management tooldiegananagers to be better able to “span the
boundary” between — and know when and when notiorace — inventive activity at home (or work)
that also continues at work (or home). One possiplgoach would be to legitimatize certain leisure
time inventive activities within the firm. Givenahmany engineers, scientists and other highlyeskil
workers initially prefer low wage jobs charactedzey higher learning potential (and consequently
higher future wages), a solution might be to “@ayEK what some employees would be doing in their
leisure time into the overall employee learningezignce. Stern (1999: 28), in an analysis of resear
biologists working in biotech firms, found that easchers allowed to engage in “open science” were
willing to “pay a compensating wage differentiabr fthe possibility to do so. These findings might
have implications for leisure time invention. Woldqe generation of what would otherwise be leisure
time know-how need not necessarily have negativiseguences for a firm’s bottom line, if workers

are prepared to settle for less in return for iase&l learning experience.

A further key set of issues concerns what leisure tinvention actually is in the Knowledge Era,

especially in light of the expansion of the IntdriRecent years have seen a blurring of the boigslar

between paid and unpaid work. To what extent améual workers” who are linked to their workplace

via the Internet engaging in paid work, or leistiree work? Many professionals check their e-mails
at night or over the weekend, or sometimes evervawation. Is physical distance the defining
characteristic of the leisure time inventor, or ta¢rdistance? While our data do not allow us to
answer such questions, our results do suggesit ibatital to creativity to keep work time anddere

time activities separate.
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Another topic for further studies would be to expldhe individual characteristics of leisure time
inventors. Do they exhibit common personality g2itAre people who are inclined to be hobbyists
more creative than other people? Hobbyists hawensite contacts with outside organizations which,
in our study, have been seen to be positively taige with leisure time inventions. There is engaiti
evidence that the individual pursuit of hobbies, dsfinition a use of leisure time, is linked to
individual creativity (see the review article by rBan and Harrington, 1981). Other studies (e.g.
Weick and Eakin, 2005) touch more explicitly on thedationship between hobby activities and
creativity. Many hobbies cannot be linked to cnegti Yet some managers are using employee

hobbies to influence their personnel policies.

Finally, the existing literature demonstrates thaentions made by independent or lone inventces ar
characterized by a higher variability of the valbgen if the average value of sole inventions migght
lower than that of collaborative inventions, thehmbility that an invention will turn out to be a
breakthrough invention is much higher (Fleming, 0Dahlinet al, 2004; Astebro, 2003; Nelson,

1959). Relating these findings could provide aHertfruitful avenue for research.

1 Thus the director of Sherwood Business Manager@enporation advises his readersMetal Finishing

magazine: “Discover the most creative individuajsalsking them about their hobbies. High on thedist
painting, antique car refurbishing, interior dediorg, handi-crafts and model making. Down at thé&don
are beer drinking TV watching and spectator sp@ise the high-end people special projects to wark
Encourage the low-end people despite the indicaietmum potential” (Sherwood, 2006: 55)
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Table 1: Descriptive statisticSNot = 2,542)

leisure time invention

work time invention

(N = 149) (N =2393)
variable mean S.D. min  max mean S.D. min max
asset value of the patént 4 1 7 3 1 7
strategic/economic value of the pafent 3 1 4 2 1 4
size of the patent family ** 8.41 4.55 1 18 7.81 4,01 1 18
age at the time of the survey ** 51.42 9.12 31 72 49.20 9.71 24 83
education (terminal degree) *
high school diploma or less 0.17 0 1 0.11 0 1
university studies 0.59 0 1 0.52 0 1
doctoral/postdoctoral studies 0.24 0 1 0.37 0 1
high intrinsic motivation 0.47 0 1 0.45 0 1
employee mobility 0.30 0 1 0.32 0 1
current inventive output 3.36 4.74 1 30 3.28 381 1 58
interactions with fellow employees
same organizatiorg(1 hour) * 0.46 0 1 0.68 0 1
same organization (> 1 hour) 0.17 0 1 0.22 0 1
other organizationg(1 hour) * 0.17 0 1 0.13 0 1
other organization (> 1 hour) 0.30 0 1 0.25 0 1
main technical field *
electricity / electronics 0.11 0 1 0.15 0 1
instruments 0.11 0 1 0.10 0 1
chemicals / pharmaceuticals 0.12 0 1 0.26 0 1
process engineering 0.26 0 1 0.19 0 1
mechanical engineering 0.30 0 1 0.24 0 1
consumer goods / civil engineering 0.10 0 1 0.06 0 1
research time (man months) 2 1 7 3 1 7
idea further developed in R&D project * 0.64 0 1 0.83 0 1
status employee-inventor * 0.85 0 1 0.96 0 1
type of the organization: firm * 0.91 0 1 0.96 0 1
financial resources: internal funds * 0.89 0 1 0.95 0 1
size of the inventor team ** 241 1.75 1 10 298 197 1 16
sole inventor * 0.42 0.49 0 1 0.23 0.42 0 1
PCT application filed 0.29 0 1 0.26 0 1
number of claims 10.81 7.46 1 49 10.58 7.34 1 131

* median

* in a Chi2-Test, the difference between leisumeetand work time invention turned out to be sigifit

** in a t-test, the difference between leisure tiarel work time invention turned out to be signifita
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Figure 1: Asset value of the patentéN = 2,542)
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Table 2: Probit analysis of leisure time inventiongN = 2,542).

h

probit Dprobit/dx

leisure time invention leisure time inventio
age of the inventor 0.099** [0.046] 0.009**  [0.004]
age of the inventor (squared) -0.001** [0.000] ana**  [0.000]
level of education (reference group: high schapladna or less)
university studies -0.084 [0.129] -0.008 [0.012]
doctoral/post doctoral studies -0.249 [0.153] -0.02 [0.012]
high intrinsic motivation 0.015 [0.087] 0.001 [08]0
employee mobility -0.056 [0.095] -0.005 [0.008]
current inventive output 0.019* [0.011] 0.002* [09
type of interaction
own organization (distance <= 1 hour) -0.304**  (J04] -0.030** [0.010]
own organization (distance > 1 hour) -0.009 [0.116] -0.001 [0.010]
other organization (distance <= 1 hour) 0.256**  1pm)] 0.027*  [0.016]
other organization (distance > 1 hour) 0.236** [IBL 0.024*  [0.011]
main technical field (reference group: chemicalpt&armaceuticals)
electricity & electronics 0.003 [0.174] 0.0003 [06)
instruments 0.218 [0.175] 0.023 [0.021]
process engineering 0.257* [0.150] 0.027* [0.018]
mechanical engineering 0.190 [0.149] 0.019 [0.016
consumer goods & civil engineering 0.283 [0.195] 031 [0.026]
research time (reference group: less than 1 marthjo
1 to 3 man months (mm) -0.526***  [0.189] -0.039***[0.012]
4 to 6 man months -0.631** [0.262] -0.042*  [0.013]
7 to 12 man months -1.185** [0.469] -0.056*  [0.012
more than 13 man months -0.632 [0.400] -0.042 @.01
idea further developed in R&D project -0.572**  {®0] -0.071**  [0.026]
1 to 3 mm * further developed 0.431* [0.237] 0.048* [0.033]
4 to 6 mm * further developed 0.408 [0.305] 0.046 0.083]
7 to 12 mm * further developed 1.096** [0.497] 009 [0.133]
> 13 mm * further developed 0.157 [0.436] 0.015 0fx]
status employee-inventor -0.511**  [0.156] -0.067** [0.028]
type of the organization: firm -0.281 [0.205] -0103  [0.028]
financial resources: internal funds -0.384** [0.163| -0.046** [0.025]
Constant -2.385** [1.174]
Observations 2542 2542
Pseudo R2 0.1139
Chi2-test chi2(28) = 129.16;

p = 0.000

Standard errors in brackets / * significant at 10%significant at 5%; *** significant at 1%
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Table 3: Treatment-effects mode(N = 2,542)

treatment-effects model

probit oLS

leisure time invention asset value
leisure time invention (dummy) 1.623*** [0.551]
age of the inventor 0.099** [0.046] 0.007** [0.003]
age of the inventor (squared) -0.001** [0.000]
level of education (reference group: high schoplaina or less)
university studies -0.084 [0.129] 0.108 [0.104]
doctoral/post doctoral studies -0.249 [0.153] -0.006 [0.115]
high intrinsic motivation 0.015 [0.087]
employee mobility -0.056 [0.095]
current inventive output 0.019* [0.011]
type of interaction
own organization (distance <= 1 hour) -0.304***  [0.094]
own organization (distance > 1 hour) -0.009 [0.116]
other organization (distance <= 1 hour) 0.256** [0.129]
other organization (distance > 1 hour) 0.236** [0.103]
main technical field (reference group: chemicalpt&armaceuticals)
electricity & electronics 0.003 [0.174] -0.340** [0.109]
instruments 0.218 [0.175] -0.392** [0.119]
process engineering 0.257* [0.150] -0.273** [0.102]
mechanical engineering 0.190 [0.149] -0.238**  [0.100]
consumer goods & civil engineering 0.283 [0.195] -0.323**  [0.147]
research time (reference group: less than 1 marnhnon
1 to 3 man months (mm) -0.526*** [0.189] 0.349*** [0.097]
4 to 6 man months -0.631** [0.262] 0.657*** [0.106]
7 to 12 man months -1.185** [0.469] 0.919*** [0.115]
more than 13 man months -0.632 [0.400] 1.348*** [0.112]
idea further developed in R&D project -0.572**  [0.160]
1 to 3 mm * further developed 0.431* [0.237]
4 to 6 mm * further developed 0.408 [0.305]
7 to 12 mm * further developed 1.096** [0.497]
> 13 mm * further developed 0.157 [0.436]
status employee-inventor -0.511**  [0.156]
type of the organization: firm -0.281 [0.205] 0.760*** [0.166]
financial resources: internal funds -0.384** [0.163]
PCT application filed 0.181** [0.070]
number of claims 0.010**  [0.004]
lambda -0.561**  [0.274]
Constant -2.385** [1.174] 1.744*** [0.287]
Observations 2542
Chi2-test chi2(29) = 274.32

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

Table Al: Ordered probit and OLS analysis of the aset value of patent§N = 2,542)

ordered probit OLS
asset value asset value
leisure time invention (dummy) 0.360*** 0.529***
[0.083] [0.128]
age of the inventor 0.006*** 0.009***
[0.002] [0.003]
level of education (reference group: high schoplaina or less)
university studies 0.051 0.084
[0.065] [0.097]
doctoral/post doctoral studies -0.030 -0.038
[0.073] [0.109]
main technical field (reference group: chemicalpt&armaceuticals)
electricity & electronics -0.218*** -0.343%**
[0.073] [0.108]
instruments -0.239*** -0.369***
[0.079] [0.119]
process engineering -0.145* -0.240**
[0.067] [0.101]
mechanical engineering -0.146** -0.213*
[0.068] [0.102]
consumer goods & civil engineering -0.164* -0.281**
[0.091] [0.137]
research time (reference group: less than 1 marthhon
1 to 3 man months 0.214%** 0.292***
[0.060] [0.087]
4 to 6 man months 0.413*+* 0.589***
[0.064] [0.094]
7 to 12 man months 0.581*** 0.857***
[0.073] [0.109]
more than 13 man months 0.833*** 1.260***
[0.071] [0.103]
type of the organization: firm 0.432*** 0.670***
[0.105] [0.153]
PCT application filed 0.126*** 0.185***
[0.047] [0.070]
number of claims 0.006** 0.010***
[0.003] [0.004]
Constant 1.899%**
[0.266]
Observations 2542 2542
R-squared 0.092
Pseudo R2 0.025

Robust standard errors in brackets / * signifiatrnt0%; ** significant at 5%; *** significant at 1%
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Table A2: Treatment-effects model, self-employednventors (free inventors) and
inventors who work for research institutes or univesities excluded (N =

2,342)

treatment-effects model

probit OoLS

leisure time invention asset value
leisure time invention (dummy) 1.401**  [0.663]
age of the inventor 0.109* [0.057] 0.009**  [0.004]
age of the inventor (squared) -0.001* [0.001]
level of education (reference group: high schoplaina or less)
university studies -0.108 [0.139] 0.121 [0.109]
doctoral/post doctoral studies -0.194 [0.165] 0.014 [0.120]
high intrinsic motivation 0.009 [0.093]
employee mobility -0.034 [0.101]
current inventive output 0.020* [0.011]
type of interaction
own organization (distance <= 1 hour) -0.305*** [0.101]
own organization (distance > 1 hour) 0.031 [0.120]
other organization (distance <= 1 hour) 0.221 [0.144]
other organization (distance > 1 hour) 0.214* [0.113]
main technical field (reference group: chemicalpt&armaceuticals)
electricity & electronics 0.009 [0.181] -0.314**  [0.113]
instruments 0.221 [0.189] -0.386*** [0.127]
process engineering 0.267* [0.159] -0.249**  [0.107]
mechanical engineering 0.168 [0.159] -0.206**  [0.104]
consumer goods & civil engineering 0.300 [0.207] -0.294* [0.153]
research time (reference group: less than 1 marnhnon
1 to 3 man months (mm) -0.651*** [0.211] 0.381** [0.102]
4 to 6 man months -0.599**  [0.289] 0.648** [0.112]
7 to 12 man months -0.913* [0.482] 0.903** [0.121]
more than 13 man months -0.479 [0.410] 1.380*** [0.119]
idea further developed in R&D project -0.569*** [0.168]
1 to 3 mm * further developed 0.542*  [0.259]
4 to 6 mm * further developed 0.371 [0.332]
7 to 12 mm * further developed 0.824 [0.511]
> 13 mm * further developed -0.011 [0.452]
financial resources: internal funds -0.482*** [0.183]
PCT application filed 0.169*  [0.074]
number of claims 0.009**  [0.005]
lambda -0.445 [0.322]
Constant 3.379%  [1.437] 2.405"*  [0.236]
Observations 2342
Chi2-test chi2(28) = 249.29

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