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This  paper  examines  the succession  of formal  and  informal  channels  of  university-industry  knowledge
transfer,  and  the  local  economic  impact  of  their  dynamic  interaction.  To  do  so, we investigate  a  highly cited
university  patent  over  an  extended  period  of  time  through  a case  study  methodology.  Our  work  provides
three  fundamental  insights.  First, local  economic  impact  can  be achieved  only  after  a complex,  temporally
unfolding  sequence  of  interactions  between  formal  and  informal  channels  of  knowledge  transfer.  Second,
in the  course  of  this  dynamic  interaction,  knowledge  generated  during  formal  transfer  activities  may  be
eywords:
niversity-industry interaction
nowledge transfer channels
cademic patents
ocalization of economic impact of

transferred  via  informal  channels.  Third,  the  method  developed  can  provide  information  on the  variety
of  knowledge  transfer  channels  related  to highly  cited  patents.

©  2016  Elsevier  B.V.  All  rights  reserved.
niversity research

. Introduction

Knowledge transfer in university-industry interactions can be
ither ‘formal’ or ‘informal’, depending on the presence or absence
f a contract (Vedovello, 1997). Informal channels involve access to
he pool of knowledge embodied in the expertise and equipment,
nd as well as the technical and scientific capabilities and needs,
raining, recruitment and/or allocation of qualified manpower in
niversities or firms in the absence of a contract. Formal chan-
els imply contractually regulated exploitation of the knowledge,
xpertise and equipment available in universities and firms.

The study of formal and informal channels of knowledge trans-
er between university and industry has a long intellectual history
n the field of Economics of Innovation (see Mowery and Ziedonis,
015, for a recent literature review). Since the US Bayh-Dole act,
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res. 

hich allowed US universities to register and license patents from
ublic research, numerous studies have examined the licensing of
niversity patents as a formal mechanism of knowledge transfer

∗ Corresponding author.
E-mail address: jobarto@ingenio.upv.es (D. Barberá-Tomás).

ttp://dx.doi.org/10.1016/j.respol.2016.11.011
048-7333/© 2016 Elsevier B.V. All rights reserved.
between universities and industry (Mowery and Sampat, 2005;
Grimaldi et al., 2011). Other formal channels, such as consult-
ing (Roessner, 1993), have also been analysed. Informal channels
studied include personal contacts between academic and industry
researchers (Cohen et al., 2002; D’Este and Patel, 2007; Bekkers and
Freitas, 2008; Ramos-Vielba and Fernández-Esquinas, 2012).

Nonetheless, less attention has been paid to the temporally
unfolding, dynamic relationship among channels of knowledge
transfer. One partial exception is the work by Faulkner and Senker
(1994), who  acknowledge the existence of temporal continuity
among formal and informal channels, reporting that ‘informal link-
age is often both precursor and successor of formal linkage’ (p.
680). Similarly, D’Este and Patel (2007) show that researchers with
previous experience of one knowledge transfer channel are more
likely to be involved in transferring knowledge through other types
of channels in the future. Rappert et al. (1999) find that informal
contacts among university and industry actors can create the trust
necessary for formal engagement. However, this was  not the focus
of their work and was  not further developed. Most of these works
c interactions between university-industry knowledge transfer
Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

recognize a dynamic interaction among transfer channels without
providing more detail, and they do not address the relationships in
a temporal sequence of channels, i.e. whether the knowledge trans-

dx.doi.org/10.1016/j.respol.2016.11.011
dx.doi.org/10.1016/j.respol.2016.11.011
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erred by one channel is related to the knowledge transferred using
ther channels.

Moreover, almost no empirical research deals with the rela-
ionship between the dynamic interactions of formal and informal
hannels and the localization of their economic impact. The
ssumption of these studies is that knowledge transferred through
ne channel has no relationship with knowledge transferred
hrough other channels. A corollary of this assumption is that the
tudy of local economic impact can be limited to only one transfer
hannel. However, this does not mean that the localization of for-
al  or informal channels has not been studied in the literature. For

xample, there is some consensus that informal knowledge transfer
rom universities has a more pronounced impact on the local indus-
ry since it often depends on personal communication and social
onnections among inventors which are more sensitive to distance
Breschi and Lissoni, 2001; Singh, 2005). There is less unanimity
egarding formal channels. Some studies show the importance of
roximity in formal transfer channels such as licensing (Agrawal,
006) and R&D contracts (Rosa and Mohnen, 2008). Others, such as
udretsch and Stephan (1996, p. 651), find that ‘when knowledge

s transmitted through formal ties between researchers and firms,
eographic proximity is not necessary, since face-to-face contact
. . .]  is carefully planned’. Nevertheless, few studies compare the
ocalization of formal and informal channels. Mowery and Ziedonis
2015) compare the local impact of university patent licences and
itations to university patents among three top US universities
nd find that formal knowledge transfer (patent licensing) is more
eographically localized than knowledge transfer based on patent
itations, but the authors do not disentangle the channels under-
ying patent citations. Survey-based studies find opposite results:
ither formal knowledge transfer channels can be more localized
han informal channels (Arundel and Geuna, 2004), or the other
ay round (De Fuentes and Dutrénit, 2014). Nonetheless, they use

ross-sectional data and do not account for a temporally unfolding,
ynamic interaction among channels which would require a longi-
udinal analysis. To our knowledge, longitudinal studies addressing
he localization of knowledge transfer are reserved for work on
he evolution of patent citations, which show a decline in local-
zation over time (Jaffe et al., 1993). Meanwhile, the localization
f economic impact of a temporal sequence of knowledge transfer
hannels is left unexplored. In this paper we are interested in cap-
uring the moment in a temporal sequence of knowledge transfer
hannels when the economic impact becomes local.

To address these gaps, we exploit a little used but promising case
tudy methodology to examine the channels of knowledge transfer
elated to a highly cited university patent, being our research ques-
ions: Is the knowledge transferred by one channel related in any
ay to the knowledge transferred by previously used channels? At
hich moment in a temporal sequence of channels does economic

mpact become local?

. Case studies of highly cited university patents

The economic and technological importance of highly cited
atents has been recognized following the pioneering work of
rajtenberg (1990) (see Barberá-Tomás et al., 2011 for a recent dis-
ussion). Jaffe et al. (1993, p. 597) highlight that case studies of
ighly cited patents can provide a more profound understanding
f knowledge transfer:

In future work we plan to identify a small number of patents
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res.

that are extremely highly cited. It is likely that such patents are
both technologically and economically important. Case studies
of such patents and their citations could prove highly informa-
tive about [. . .]  the mechanisms of knowledge transfer.
 PRESS
 Policy xxx (2016) xxx–xxx

There is one highly cited university patent which has attracted
the attention of researchers: the Cohen-Boyer ‘Process for pro-
ducing biologically functional molecular chimeras’ (US4237224)
based on recombinant DNA. The patent was applied for in 1974 by
Stanford University and granted by the US Patent and Trademark
Office (USPTO) in 1980. Feldman et al. (2007) provide a qualita-
tive case study analysing the licensing strategy in the Cohen-Boyer
patent and stressing the role of Stanford’s Office of Technology
and Licensing in flexibly managing this formal knowledge trans-
fer channel. Feldman and Yoon (2012) study knowledge transfer,
based on quantitative analysis of citations to this patent, and con-
clude that it has been used as a ‘general purpose technology’ by
citing inventors who  have built on the general recombinant pro-
cess with applications in several domains. The richness of these
findings suggests the variety of formal (notably licensing) and infor-
mal  channels underlying knowledge transfer measured via patent
citations.

Even more interesting in our context is a study of the Cohen-
Bayer patent by Hughes (2001) in the discipline of the History of
Science (Martin, 2012). Hughes demonstrates that in-depth, qual-
itative study of a highly cited patent could provide information on
licensing and citations and also on other knowledge transfer chan-
nels. Although her main interest was  not in temporally unfolding
dynamic interactions and the localization of knowledge transfer
channels, her narrative shows that the start of the patent applica-
tion process in 1974 was  followed in 1975 by a highly localized
knowledge transfer channel: Cohen’s consulting activity with the
Cetus Corporation, a Bay Area company. Hughes (2001, p. 562) dis-
cusses the importance of the relationship between the knowledge
transferred through the two  channels of patenting and consulting:

What raised concern in Cohen’s case was the fact that he was an
inventor on a Stanford patent application and at the same time a
paid consultant for a company seeking a license on the invention
being patented. He tried to reassure critics by arguing that he
expected to be able ‘to effectively separate my relationship with
Stanford as the Inventor, from my  relationship with Cetus as a
scientific consultant’, it was  a fine–if not impossible–line that
Cohen attempted to draw between Cohen the scientist, Cohen
the inventor and Cohen the corporate consultant.  . . Attempts to
draw boundaries between the three interlocking realms were
artificial and ultimately futile.

We extend Hughes’ (2001) insights on the relationship between
the knowledge transferred through the dynamic interactions
among various channels and their localization, with a case study
of a highly cited university patent over a long period of time. Case
study research is used to examine the complex, context-dependent
nature of processes, such as university-industry knowledge trans-
fer, through in-depth examination of specific examples (Eisenhardt,
1989; Patton, 2005). Case studies are appropriate for exploratory
research on previous unexamined phenomena (Eisenhardt, 1989)
and, especially, phenomena which unfold over a prolonged period
of time (Yin, 2013).

3. Methodology

Although the Cohen-Boyer patent has been identified as the
most highly cited biomedical patent granted between 1976 and
1980 (Feldman and Yoon, 2012), the original interest of the quali-
tative case studies conducted by Feldman et al. (2007) and Hughes
(2001) seems not to be its citation record, but the public importance
c interactions between university-industry knowledge transfer
 Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

of the patent in the history of biotechnology. In our case, we started
by identifying the most cited patent in university patenting history
(we had some hope that the methodology would not identify the
Cohen-Boyer patent, since it had already been the subject of sev-

dx.doi.org/10.1016/j.respol.2016.11.011
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Table  1
Identifying highly cited university patents.

Publication number Applicant Citing documents (IPTS database) Citing documents (Espacenet 30/4/2013)

DE19544207 Univ Dresden Tech [DE] 8 60
EP0601812 Univ Bristol [GB] 10 12
GB2104391 Univ Exeter [GB] 8 28
US4618861 Cornell Res Foundation Inc [US] 9 68
Focal  patent West Coast University [US] 10 430
US5177685 Massachusetts Inst Technology [US] 9 342
US5262871 Univ Rutgers [US] 8 429
US5561054 Univ Michigan State [US] 12 33
US5764190 Univ Hong Kong Science & Techn [HK] 14 109
US5770645 Univ Duke [US] 8 88
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US5799055 Univ Northwestern [US] 

US6737447 Univ Akron [US] 

WO9428139 Massachusetts Inst Technology [US] 

ral previous studies). We  collected information and evidence from
ultiple sources (as is usual in case studies, George and Bennett,

005) and analysed it in light of our interest in the dynamic inter-
ctions among and localization of formal and informal knowledge
ransfer channels. Although patents usually are related to trans-
er channels such as licensing, Hughes (2001) shows that highly
ited patents can provide information on other channels of knowl-
dge transfer. Thus, we  widened our focus to include all possible
nowledge transfer channels.

To identify the university patent with the most outstanding cita-
ion record we relied on a purpose-built dataset (based on PATSTAT
nd the Web  of Science) created by the Institute of Prospective
tudies (IPTS), which covers European Patent Office (EPO) appli-
ations by EU27 applicants in the period 1990–2007, with citations
odified by type of organisation (e.g. university or industry). Other
ublished works assess the validity of this source and provide
etails on its construction (e.g. Acosta et al., 2016).

The data include over 24,000 citations to university patents
67%) and papers (33%), which represents 1% of total citations. We
dentified the most frequently cited patents (Table 1). The num-
er of citations is small due to the limited scope of the database
only direct EPO patents, only EU27 applicants, period 1990–2007,
tc.). To ensure the identification of the most cited patents, we
ouble-checked against the number of citations in the EPO web-
age Espacenet, which offers a broader (worldwide) coverage.

The most cited patent (thereafter ‘the focal patent’)1 was  filed
y an important West Coast university (thereafter ‘the West Coast
niversity’) at the USPTO in 1989. Despite it being a younger patent

han the Cohen-Boyer patent, its importance is exemplified by its
30 citations compared to the 342 citations to the Cohen-Boyer
atent. The focal patent deals with a specific form of microsen-
ors and actuators known as Micro-Electromechanical Systems
MEMS), based on the operating principle of electrostatic force.

e conducted a quantitative study of forward citations to the
atent (source: PATSTAT, October 2012 edition; 375 citations, not
estricted to USPTO patents). We  used our own elaboration of PAT-
TAT and occasionally USPTO data, in various ways, to answer some
f the questions which arose during the research processes and
hich are detailed in Sections 4 and 5.
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res. 

We  performed a search in Google Scholar to obtain secondary
ata on our patent.2 Firstly, we used a set of keywords includ-

ng inventor names (‘Inventor 1’ and ‘Inventor 2’), as well as the

1 As agreed with the interviewees, names of individuals and organizations have
een  anonymized.
2 Although criticized as a potential evaluation tool (Norris and Oppenheim, 2007),
oogle Scholar is particularly appropriate for identifying reviews in social sciences
nd humanities when exploring a diversity of sources including academic papers,
andbooks, ‘grey’ literature and technical reports (Torres-Salinas et al., 2009; Prins
t  al., 2016).
110
37
74

acronym defining the technology (‘MEMS’), combined with ‘his-
tory’ and ‘patent’. This search identified 2250 documents (books,
theses, papers, reports, etc.). After checking the first 50 regis-
ters using Google Scholar’s relevance algorithm, we refined our
search to reduce overlaps arising from our use of MEMS,  which
includes a broad group of mechanical and electrical devices
in the micrometer size range. Secondly, we searched on the
keywords ‘Inventor 1’+ ‘Inventor 2’ + ‘MEMS’ + ‘sensors and actu-
ators’ + ‘resonant microstructures’ + ‘patent’; which resulted in 344
documents. Then we  examined the first 100 registers comparing
the results obtained with both strategies. Thirdly; we obtained
information on the historical context of the focal patent from five
books; a doctoral thesis; one paper and three reports on MEMS;
being our principal sources Rudolf et al. (1995), Bryzek (1996),
Trimmer (1996), Judy (2001), and Howe et al. (2003).3 The remain-
ing documents were disregarded because they only referred to
technical aspects; MEMS  properties and applications; and not to
information useful for our analysis.

After acquiring this preliminary ‘scientific understanding of the
field [. . .]  by self-education [. . .]  at the beginning of the empir-
ical study’ (Laudel and Gläser, 2007, p. 95), between July 2013
and January 2016 we conducted four in-depth ‘informed inter-
views’ with Inventors 1 and 2 (both professors of engineering in
US West Coast universities) of our focal patent, and also with
an renowned researcher in the same field, who was a long-term
collaborator of one of the patent inventors and also the director
of the research institute of the West Coast University (thereafter
‘the Advanced Institute’) during the period in which the research
that resulted in the patented invention was  conducted. The inter-
views were recorded and transcribed, and were followed up with
emails to resolve specific questions which arose from our reading
of the transcripts. During the interviews, we  showed the inter-
viewees representations of data about the focal patent derived
from our patent databases, similar to Figs. 1 and 3 in this paper.
Gläser and Laudel (2015, p. 310) state that graphical representa-
tions contribute, on several levels, to the informational yield from
interviews: they demonstrate the efforts made by the interviewer
and help to build trust; they contribute to creating a favourable
atmosphere by confronting the interviewee with a new perspec-
tive on his or her work (i.e. the interviewer is not only asking for
information but also is providing some); and they favour ‘graphic
elicitation’, that is, they prompt narratives about the content
of research, and trigger memories. Interviews concerning events
c interactions between university-industry knowledge transfer
Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

which occurred several years earlier can be difficult if intervie-
wees are unable to recall the events. Graphic representations help
interviewees to reconstruct the evolution of the events.

3 We use also other two sources about the history of the institutions we study
that we  skip here to preserve anonymity, and which informed mainly Section 5.3.

dx.doi.org/10.1016/j.respol.2016.11.011
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Fig. 1. Evolution of forward citations to
ource: own elaboration of PATSTAT data.

We  also conducted email interviews with inventors in the top
hree firms of the university’s region based on number of cita-
ions to the focal patent (they accounted jointly for 75% of all local
pplicant citations). The advantages and disadvantages of email
nterviews have been discussed in the literature (Hamilton and
owers, 2006; Meho, 2006). The advantages include equivalency
f context for both researcher and participant, shift of expertise to
articipant, time for both researcher and participant to reflect on
he question(s), co-occurrence of analysis with questioning, easily

aintained audit trail, and increased external reliability. The disad-
antages include potentially increased risk of loss of confidentiality,
oss of spontaneity and visual cues and loss of silence as an interpre-
ive moment. The superiority of traditional face-to-face interviews
ver email interviews is not clear (Hamilton and Bowers, 2006).
lthough mixed-mode interviewing (as in our case) is preferable to
mail interviewing only, the latter can be acceptable (Meho, 2006)
nd appropriate for complex questions (Abels, 1996). The disad-
antages of email interviews are minimized in communities where
se of the email is extensive (Morgan and Symon, 2004), as in our
ase.

Between November and December 2015, we contacted five
nventors via email. Four of the respondents (labelled Inventors
–D) included the top three individual citers. One was employed

n a subsidiary of the firm at the time of invention located outside
he university’s region, but was a former Advanced Institute stu-
ent, and provided information on local and non-local channels.
he fifth inventor replied, but could not remember the source of
he citation.

. The focal patent: technical and historical context

As already mentioned, the focal patent deals with a specific
orm of microsensors and actuators known as MEMS,  based on
he operating principle of electrostatic force. This force is suf-
ciently large at the nano and micro levels to produce relative
ovements between the elements of the devices, which then are

apable of identifying an alteration in the environment (sensor), or
ransforming an alteration in a physical movement (actuator). Pre-
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res.

ious engineering efforts were aimed at reducing size and power
hile simultaneously increasing the performance of a diverse set of

lectromechanical systems. MEMS  have radically transformed the
cale, performance and cost of these systems by employing batch-
cal patent and its 1991 cohort patents.

fabrication techniques and achieving economies of scale, which
have been exploited successfully by the micro-electromechanical
industry (Bryzek, 1996; Trimmer, 1996; Judy, 2001). Specifically,
MEMS  technology enables order of magnitude reductions in the
size of many types of sensors, actuators and systems while improv-
ing their performance (e.g. inertial sensors, optical switch arrays,
biochemical analysis systems, etc.). Appendix Table A1 presents
some principal milestones in the history of MEMS.

The focal patent was developed during a period (the late 1980s)
when the field of MEMS  was starting to coalesce in a coherent
manner: the terminology used was homogenized and practical
application of the knowledge advanced:

Before MEMS  was  named in 1987–we kind of named the field–
in Europe it would be microsystems. Nano systems in the US is
MEMS  or NEMS, and in Asia [. . .]. But in the ’80s. . . people were
beginning to think of things that were beginning to be more
manufactureable.

Inventor 2.

It should be noted that this coalescence was contested since, in
this early stage, the field lacked legitimacy (Powell and DiMaggio,
2012) especially in industry. Researchers, many times, had to play
the role of ‘institutional entrepreneur’ (DiMaggio, 1988), organizing
‘field configuring events’ such as conferences (Lampel and Meyer,
2008), and promoting new specialist journals:

The spirit was very, very much a bunch of very courageous pio-
neers all doing something that they loved and they had no idea
if it was  going to be a big success or a small success or anything
else like that. . . Imagine a world in which companies will laugh
when they first heard of it: ‘Ah, MEMS·  · · what a stupid exercise
that will never have any practical purpose’ [. . .].  If you wanted
to make a big contribution in MEMS  it was  insufficient just to do
the research. You had to help organize conferences and you had
to convince journals that they wanted to publish these papers.
You had to help form your own journal, which is one of the activ-
ities I was  involved in the process of foundation of the MEMS
journal.
c interactions between university-industry knowledge transfer
 Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

Advanced Institute Director.

In this context, the institutional configuration of partners of
the Advanced Institute was crucial for ensuring industry commit-

dx.doi.org/10.1016/j.respol.2016.11.011
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ig. 2. Localization and formalization of knowledge transfer channels linked to the
ocal patent.

ent. The Advanced Institute was founded in 1986 and exemplifies
he ‘triple helix’ of industry, university and government (Etzkowitz
nd Leydesdorff, 1995): it received funding from the National Sci-
nce Foundation (a US Federal Government institution) and several
ndustry partners to conduct research on MEMS.  Since its founda-
ion, the Advanced Institute’s policy has been to perform research
ith industry relevance. The Advanced Institute made extensive

se of the West Coast University’s microfabrication laboratory
thereafter ‘the Microlab’), which plays a major role in this case
tudy.4

The patent was one of the first granted to the West Coast Uni-
ersity after the passing of the Bayh-Dole Act, in a context of major
nstitutional changes oriented to increase the patenting propen-
ity of universities (Caballero and Jaffe, 1993; Colyvas et al., 2002).
ne of the inventors of the patent reported that, without this legal
hange, the application would probably not have emerged. The

est Coast University’s Technology Transfer Office (TTO) generally
id not officially inform inventors of the identity of licensees: they

ust issued the royalty cheques. This is a limitation in our licensing
ata: the inventors provided information on the identity and num-
er of licensees based on informal contacts with the TTO and on the
volution of their royalties.

The patent became known in the field as the ‘comb drive’ patent
ecause of the shape of the actuator. The knowledge embodied in
he patent was the result of the PhD thesis of Inventor 1, which
as supervised by Inventor 2, and was conducted in the Advanced

nstitute from 1986 to 1990, with funding from the ‘Emerging
echnologies Initiative’ of the US National Science Foundation.
erhoeven et al. (2016) have proposed three ‘ex ante’ indicators
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res. 

hich could predict the technological importance of a patent:
ovelty in recombination, in technological origin, and in scien-
ific origin. They computed the values for our focal patent, and

4 The Microlab was founded in 1983. In 1986, the sensor research group (part of
he Advanced Institute and including Inventors 1 and 2) became the lab’s largest
onstituency and remained so throughout the life of Microlab. Although Microlab
losed in 2010, research continues in the University’s Nanofabrication Laboratory.
 PRESS
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found that it scores high for novelty in recombination (it originated
five combinations) and in technological origin, but not in scientific
origin. Scoring high for two  categories, and originating five new
combinations is rare, so the focal patent can be seen as highly novel
based on these measures.

Fig. 1 shows an increase in the number of citations to the focal
patent during the first ten years, with a peak in 2001 followed by
a decrease. The ongoing discussion on the value of patent citations
(Trajtenberg, 1990; Harhoff et al., 1999; Gambardella et al., 2008)
characterizes citations as indicators of economic or technological
value (Wartburg et al., 2005; Barberá-Tomás et al., 2011). Feldman
and Yoon’s (2012) study of the Cohen-Bayer patent suggests that a
high number of citations could be due to the potential for the inven-
tion to be ‘integrated with a wide range of industrial applications’
(p. 54).

When asked about the technological importance of the patent,
all our informants pointed out that it enabled linear movements
rather than the circular ones allowed by previous generations of
MEMS.  This permitted the creation of (or improvements to) a broad
range of applications from airbags to printers, or to sensors mea-
suring blood pressure (Rudolf et al., 1995). One of the inventors of
a local firm with patents citing the focal patent said that:

[The] patent was  a core reference for those like myself who
wanted to use comb drives in our particular invention.

Inventor A.

Thus, the ‘ex post’ technological importance of the focal patent
seemed to lie in the new possibilities that linear movement at the
nano and micro levels offered for MEMS  development. A historical
comparison provides a better understanding of the importance of
this achievement. Cardwell (1995) describes one of the most impor-
tant elements of Watt’s steam engine as its ability to perform linear
movements. Watt’s ‘parallel linkage’ was  widely adopted in differ-
ent applications in industrial and mining machinery, automobile
suspensions, locomotives and metering devices.

5. Knowledge transfer channels related to the focal patent

In this section we describe the knowledge transfer channels
linked to the comb drive patent. Although, as already discussed,
patents are related intuitively to formal channels such as licens-
ing, we tried to identify all possible knowledge transfer channels
that might be involved. Fig. 2 is a visualization of the heuris-
tic approach guiding our enquiry: knowledge can be transferred
through formal and local channels (upper right quadrant), informal
and non-local channels (lower left quadrant), or intermediate com-
binations (remaining two  quadrants). We  chose this representation
as a heuristic device to develop our findings for two reasons. First, it
captures two  crucial dimensions of our framework–formalization
and localization. Second, it allows us to show graphically the variety
of knowledge transfer channels related to the comb drive patent,
and their different characteristics.

5.1. Formal channels, low localization

This quadrant includes patent licensing, which is a formal
knowledge transfer channel. In our case, the only licensee was
from a different region to the patenting university. The Advanced
Institute received funding from the National Science Foundation
and several industry partners, which paid annual fees for prior-
ity licensing of the new technologies developed by the Advanced
c interactions between university-industry knowledge transfer
Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

Institute. Studies analysing university patent licensing and local-
ization generally conclude that licensees located near universities
may  be better positioned to exploit knowledge transferred through
licensing contracts (Mowery and Ziedonis, 2015, p. 54). However,

dx.doi.org/10.1016/j.respol.2016.11.011
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Table 2
Sensor Technologies and Inventor 2.

Applicant Inventor 2 self-citations Other citations Total

Sensor Technologies 5 34 39
West Coast University 9 6 15
Total 14 40 54

Source: own  elaboration from PATSTAT.
ig. 3. Top applicants citing the focal patent, 1991–2011 (the top 4 names are an
ount = 439).

ource: Authors’ elaboration from PATSTAT data.

uring the early years of the Advanced Institute, the MEMS indus-
ry was in its infancy and there were no MEMS  companies based
n the West Coast University’s region: the Advanced Institute’s five
riginal industry partners were on the East Coast or in the Midwest.

After the patent expired, its inventors felt it had failed to pro-
ide substantial royalty earnings; according to one inventor, ‘at the
eak, it was 2% of my full income’. MEMS  Solutions is one of the
ost frequent citers of the focal patent; however, despite being

he only company to which the patent was licensed (in 1999), it is
anked only fourth for citations (Fig. 3). The first ranked is Sensor
echnologies, another original industry partner of the Advanced
nstitute. Both Sensor Technologies and MEMS  Solutions are large,
uccessful, international companies, which fits with the findings
rom previous work that this type of firm is well-suited to absorp-
ion of academic research results, regardless of location (De Fuentes
nd Dutrénit, 2014).

Sensor Technologies, which is located in a different region from
he patenting university, employed an alternative channel, contract
onsultancy, which by nature is formal and, in this case, was not
ocalized. In 1988, when the research related to the focal patent

as ongoing, the second inventor became involved in various con-
ultancy projects with Sensor Technologies related to the MEMS
echnology. Part of this collaboration included the conceptualiza-
ion of MEMS  designs which could be produced in both Advanced
nstitute’s and Sensor Technologies’ laboratories.

It is difficult to determine exactly the relationship between the
nowledge transferred through this channel and the knowledge
mbodied in the focal patent. While Inventor 2 disconnects his con-
ultancy for Sensor Technologies from the patent (‘this [was] not the
omb drive thing’),  Inventor 1 saw the consultancy work of Inventor

 as broadly related to the comb drive technology. The Advanced
nstitute Director explained how Sensor Technologies started to
se the comb drive technology during the early 90s, very soon
fter the granting of the patent, and acknowledged the similarities
ith the Advanced Institute developments. He also related Sensor

echnologies’ early efforts with its collaboration with Inventor 2:

Sensor Technologies jumped on very early. The first Sensor
Technologies accelerometer came out in 1992, maybe? Almost
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res.

parallel with [the Advanced Institute research on comb drives],
Sensor Technologies came out with an accelerometer that used
comb drives [. . .].  They used the comb drive this way, we  were
using it this way [. . .]. After we got the fundamental comb drive
motor stuff going [. . .]  then Inventor 2 started working very
closely with Sensor Technologies.

Advanced Institute Director.

When asked specifically about the reasons of the similarities
between Sensor Technologies’ accelerometers and a patented (but
not licensed) technology, he pointed out to the close relationship
between the company and the Advanced Institute and again more
concretely to the relationship with Inventor 2.

Sensor Technologies was a member of our centre and they saw
everything that we  did. . . Inventor 2 worked with them very
intimately. He may  or may  not have had a consulting role with
them as well as a research role.

Advanced Institute Director.

In fact, as Inventor 2 recalled, the TTO of the West Coast Uni-
versity at some point considered that the design of one of Sensor
Technologies’ accelerometers, developed in the early 1990s, was
very similar to the comb drive patent, and that Sensor Technologies
should obtain a patent licence from the West Coast University. The
TTO asked the opinions of Inventor 2 and other researchers since
they thought that Inventor 2 might be influenced by his consultancy
relationship with Sensor Technologies:

They thought because I was  consulting for them that I was, ‘Oh,
you know. These are my  friends. They gave me  a secret payment
in the Bahamas or the Cayman Islands or something and yeah, I
don’t want to sue them’.
c interactions between university-industry knowledge transfer
 Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

Inventor 2.

Ultimately, the TTO neither sued Sensor Technologies nor
required it to license the patent; Inventor 2 said that this was

dx.doi.org/10.1016/j.respol.2016.11.011
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Table  3
National and international forward citations to focal patent.

Applicant world zone Number of forward citations % Excluding applicant and inventor self-citations %

International 164 37.4% 164 39.4%
US,  except region of West Coast University 164 37.4% 159 38.2%
Region of West Coast University 80 18.2% 65 15.6%
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Total  439 

ource: Authors’ elaboration of PATSTAT data.

ecause the design knowledge5 embodied in the patent was not
ufficiently similar to that contained in Sensor Technologies’ arte-
act. Although the shape of Sensor Technologies’ accelerator was
imilar to the shape of the patented comb drive, the accelerator’s
ovement was different from the linear movement of the comb

rive due to the introduction of an electronic loop. It should be
oted, that in Inventor 2′s opinion, the similarity between Sensor
echnologies’ accelerometer and the comb drive patent would have

ed to litigation had an industrial company owned the patent. The
elationship between the patent owner (the West Coast University)
nd Sensor Technologies was one of industrial partnership. Sensor
echnologies had been a partner of the Advanced Institute since its
oundation, and paid a membership fee for the privilege:

[If someone asked me,] ‘If you were a nasty company could you
get a good lawyer and mess them [Sensor Technologies] up?’.
And the answer would be if I was called in to advise a nasty
company I would say, ‘You wouldn’t get very far. You’d get shut
down’. And they might say, ‘We  don’t care. We’re going to mess
them up anyway’. But since we’re a university that would be
really dumb.

Inventor 2.

Hughes (2001, p. 562) discusses the relationship between the
nowledge embodied in the Cohen-Bayer patent and the knowl-
dge transferred during Cohen’s consultancy activity with Cetus
orporation. This situation raised concern because it was  diffi-
ult to isolate ‘Cohen the scientist, from Cohen the inventor, from
ohen the corporate consultant’ (see Section 2). The collabora-
ion with Sensor Technologies had some commonalities, resonating
ith Advanced Institute Director words about how Inventor 2 ‘may

r may  not have had a consulting as well as a research role’. While the
esign knowledge embodied in Sensor Technologies’ accelerators
as not sufficiently similar to the knowledge embodied in the comb

rive patent to pursue litigation (at least in the context of the rela-
ionship between the Advanced Institute and its industry partners),
ur patent citation data indeed suggest that there was necessar-

ly some knowledge transfer related to the comb drive technology
nabled by Inventor 2’s collaboration with Sensor Technologies.
ata show the number of citations to the focal patent in later patent
pplications from Sensor Technologies (Table 2). In 13% of Sensor
echnologies’ patents (5 out of 39), the second inventor of the focal
atent is also the inventor of the Sensor Technologies patent. These
elf-citations can be considered proxies for the knowledge trans-
erred related (broadly) to the comb drive technology (Alcácer and
ittelman, 2006).

.2. Informal channels, low localization
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res. 

Labour mobility from publicly funded research institutions to
ndustry is considered a channel of knowledge transfer based

5 By design knowledge we  mean ‘knowledge involved in the design of an artifice
nd its components, including plans, drawings, computer displays, etc.’ (Vincenti,
990, p.6).
7.1% 28 6.7%
100.0% 416 100%

on regional labour networks (Almeida and Kogut, 1999; Autant-
Bernard et al., 2013). In fact, local knowledge flows based on
patents decline if the focal academic leaves the region of the
patent application (Azoulay et al., 2011). In the early years of the
Advanced Institute, a regional MEMS  industry capable of employing
researchers had not been established. After being awarded a PhD
degree from the Advanced Institute, White Research Laboratory
(part of a big multinational firm located in the Midwest) appointed
Inventor 1 as Sensor Research Manager. There, Inventor 1 went
on to develop airbag applications related to the comb drive tech-
nology. This knowledge channel is considered informal since we
cannot identify specific instruments used to regulate the hiring of
Advanced Institute’s employees by industry partners such as White
Research Laboratory. It is also not localized since the company and
the patenting institute were in different regions.

A firm patent inventor is another example of delocalized recruit-
ment of human capital. Inventor D was  a former West Coast
University student, who finished a masters degree in MEMS  at the
Advanced Institute in 1997 and ‘worked directly with the inventors
of the focal patent’. He then moved to Oceandoor, a MEMS  company
in the Midwest. This suggests that even a privileged environment,
such as the US West Coast, in the absence of specific industries,
did not facilitate the local absorption of university researchers and
graduates, which is in line with the idea that a ‘critical mass’ or
agglomeration of firms is needed in order to obtain substantial
local economic effects from spending on academic research (Varga,
2000; Hall et al., 2005).

Citations to the focal patent are indicative of the delocaliza-
tion of economic impact: the distance decay typical of geographic
spillovers (Jaffe et al., 1993) predicts a higher frequency of national
than international citations, and a higher frequency of regional
citations than national, non-regional citations. Table 3 shows that
the number of international citations is less than the number of
national citations: 37% versus 63% (39% vs 61% excluding self-
citations). However, the second prediction is not supported: among
national citations, there are more non-regional than regional ones
(37% vs 18%, or 39% vs 16% excluding self-citations). Despite the
predictions in the spillovers literature, the impact is lower at the
local than the national level due to the absence of a critical mass of
local companies (Varga, 2000; Hall et al., 2005).

5.3. Formalization and high localization

This quadrant is especially interesting in our case since it
involves the most significant local impact. It includes the creation in
1997 of the West Coast University Microlab Affiliates (WMLA) pro-
gramme, which allowed local entrepreneurs to experiment with
the ‘fabrication knowledge’6; related to MEMS.
c interactions between university-industry knowledge transfer
Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

On the West Coast University campus we  had the Microlab and
we had a programme by which startups and companies could
come and build prototypes in our lab.  . . The West Coast Univer-

6 Fabrication knowledge refers to knowledge allowing design plans to be ‘trans-
lated into the concrete artifice’ (Vincenti, 1990, p.6).

dx.doi.org/10.1016/j.respol.2016.11.011
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ultimately, were transferred to local entrepreneurs through the
WMLA  programme. When asked to what extent the Sensor Tech-
nologies collaboration had helped to improve the capabilities of

7 Our version of PATSTAT does not include a technology classification for MEMS
Fig. 4. Startup formations related to MEMS  ap
ource: Authors’ elaboration based on web data from the Advanced Institute.

sity was the first place that had this open access for microlabs.
So, the entrepreneurs started to work over there.

Advanced Institute Director.

More specifically, WMLA  provided access to research space for
tartup companies, for a membership fee. Many of these companies
ere started by West Coast University graduates who  requested

ontinued access to the Microlab facilities. The number of compa-
ies varied over the years between 10 and 25 and, on average, about
0% of Microlab’s income was generated by WMLA  companies.

Back in those days, not that many commercial entities actually
can fabricate MEMS  devices, and the Advanced Institute is one
of the very few who can do MEMS  devices. So, that certainly
helped attract a lot of commercial interest.

Inventor 1.

In turn, entrepreneurial developments that started in the Micro-
ab, contributed to the development of a local MEMS industry,

hich previously was located outside the region of the West Coast
niversity. An open lab provides a context which favours the partic-

pation of various actors (universities, research centres, firms and,
ore recently, customers and users) in R&D and innovation activ-

ties to coordinate tasks, facilitate knowledge transfer and share
earning experiences. The underlying rationale is to break down
rganizational and institutional boundaries with the environment
nd get access to creative ideas and capabilities embodied in dif-
erent stakeholders (Herzog and Leker, 2010). Open labs exemplify
he opening of the innovation process in leading and pioneering
ndustries such as MEMS  (Chesbrough, 2006). The idea behind the
oundation of labs like WMLA  is to build decentralized research labs
n university campuses to increase absorptive capacity, facilitate
utside-in innovation processes and provide incubation services.
hese types of open lab initiatives, which allow entrepreneurial
ompanies in high tech sectors to access university research facil-
ties and laboratory equipment, are considered very effective for
ostering a local entrepreneurial ecosystem (Hung and Chu, 2006;

athews and Hu, 2007). The WMLA  programme offered different
ossibilities depending on the resources of the companies:
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res.

Companies could send an engineer, that engineer could try
things in the lab, and then the engineer would go home with
hands knowledge and be able to finish the job at home. The
ions involved in Advanced Institute programs.

second programme that helped a lot is that many companies
funded a research student in the Advanced Institute to do the
work. The companies say ‘well, I do not have anyone that I can
spare to do this’ or ‘I do not have anyone who knows how to do
it, so make a research contract [. . .]  and the student can do [. . .]
the research and share that with the company’.

Advanced Institute Director.

The role of the Advanced Institute in maturing the MEMS  tech-
nology can be seen in the successive creation of startups which
contributed to enriching the entrepreneurial ecosystem (Fig. 4), and
boosting the expansion of regional industry collaborations (Howe
et al., 2003).

The development of a local MEMS  industry, following the estab-
lishment of the WMLA  programme in 1997, is demonstrated also
by the growth in the share of West Coast University’s region busi-
ness MEMS  patenting at the USPTO (Fig. 5).7 Prior to 1998, the total
number of patents was too low to allow computation; between
1998 and 2000, the West Coast University’s region share of overall
patents was  null; in the decade 2001-10, West Coast University’s
region share of MEMS  patents increased mostly annually (except in
2006–07). After 2011, we observe a gradual decline in West Coast
University’s region contribution to MEMS  inventions (although
absolute numbers of patents continued to rise).

Crucially, part of the fabrication knowledge transferred through
the WMLA  programme was  the result of a collaboration with Sen-
sor Technologies, which, as we have seen, from 1988 was heavily
involved in MEMS  consultancy with an Advanced Institute patent
inventor. As mentioned in Section 5.1, during this formal collabora-
tion MEMS  designs were conceived for fabrication in both Advanced
Institute and Sensor Technologies laboratories. As a side effect of
this collaboration, Microlab’s fabrication capabilities improved and,
c interactions between university-industry knowledge transfer
 Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

technologies; we therefore used USPTO online data, which includes this technology
class in its Cooperative Patent Classification (class B81B3/0021: Micromechanical
devices; transducers for transforming electrical into mechanical energy or vice
versa). Hence, Fig. 5 is not directly comparable with the previous figures, which
are  based on PATSTAT data.

dx.doi.org/10.1016/j.respol.2016.11.011
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enominator: West Coast University’s region + other US + foreign applicant patents

he Microlab and the impact of this improvement on the WMLA
rogramme, the former Advanced Institute Director answered:

Sensor Technologies put the research forward [. . .]. The most
important thing was to develop a philosophy of how to design a
microsensor with a better knowledge of the fabrication process
[. . .].  So, we learned a lot about fabrication processes, and we
learned how to tune our fabrication processes, but the Microlab
was built independently [in 1983], and so the ‘crossover’ was
primarily knowledge about fabrication process details, and not
the fabrication equipment itself.

Advanced Institute Director.

The fabrication knowledge transferred from industry to univer-
ity during the consultancy did not involve a specific contract and
id not seem to raise concerns over property rights. In fact (and per-
aps paradoxically) the knowledge was transferred partly during

nteractions in the meetings rather than through formal contracts:

Mostly it was a community that was exchanging information,
there was no specific contract [. . .]. Advanced Institute had a
contract with Sensor Technologies, but in the meetings to dis-
cuss the results of the contract, so much else could be shared
and therefore everybody benefits [. . .].  For example, my  sis-
ter is an artist, sometimes she works in acrylic, sometimes she
works in watercolor, sometimes with other techniques [. . .].
All techniques she knows a better artist she would become. . .
Sometimes the more fabrication tricks you learn, the better
engineer you become, and this community was  able to share
all these tricks.

Advanced Institute Director.

We consider this industry-university spillover concerning
EMS  fabrication technology to be an informal channel. By def-

nition, during the consultancy work, the design knowledge that
as transferred from university to industry was  not the same

s the fabrication knowledge transferred informally from indus-
ry to the university. However, both were closely related since
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res. 

he formal channel of transfer was concerned with design, and
he informal channel was related to the fabrication processes in
dvanced Institute and Sensor Technologies facilities linked with

hese designs. D’Este and Patel (2007, p. 1297) highlight that ‘bi-
st Coast University’s region.
s applied for by business firms. Manually checked geographic origin of applicants.

93.

directional knowledge flow [. . .]  is often neglected in the analysis of
university–industry interactions; in particular, the knowledge flow
from industry to university’. These authors claim that this kind of
knowledge transfer can be extremely valuable for improving the
capabilities of university researchers and focusing their activities
on user needs. In our case, the fabrication knowledge was ulti-
mately transferred to local entrepreneurs involved in the open lab
programme.

We can now summarize our understanding of the dynamic
interaction between formal and informal channels of knowledge
transfer based on the case of a non-local company involved in for-
mal  consultancy work with Advanced Institute, broadly related to
the comb drive patented knowledge. This collaboration resulted
in the transfer of fabrication knowledge from industry to univer-
sity, based on personal contacts between academic and industry
researchers. In turn, it was  transferred to local entrepreneurs
through an open lab programme, which resulted in local economic
impact. Fig. 6 shows that the Advanced Institute-Sensor Technolo-
gies relationship involved several transfer channels which were
dynamically interrelated, while the Advanced Institute-MEMS
Solutions (the patent licensee) relationship involved a single chan-
nel.

5.4. Informal channels and high localization

In addition to the informal collaboration on fabrication capabil-
ities involving Sensor Technologies and Advanced Institute, other
informal knowledge transfer channels related to the focal patent
had a local impact. Our informants provided evidence that Micro-
lab became a platform for personal exchanges between Advanced
Institute academics and regional inventors in WMLA  member firms.
Two firm patent inventors also mentioned conferences as enabling
contact with the inventors of the focal patent. One of these firm
inventors was  employed by a firm affiliated to Advanced Institute’s
industry consortium; the other worked in a non-affiliated com-
pany, which implies that the Advanced Institute had a local impact
beyond West Coast University’s associates.
c interactions between university-industry knowledge transfer
Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

I knew Inventors 1 and 2 personally through contacts at aca-
demic conferences along with many of their graduate students.
We were never members of Advanced Institute as it was too
expensive for a small company, and we were located near West

dx.doi.org/10.1016/j.respol.2016.11.011
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Fig. 6. Comparison of knowledge transfer c

Coast University and we could meet with the professors if we
felt that would be useful.

Inventor B.

In Section 5.2 we described how Inventor D, a former Advanced
nstitute PhD student, was  hired by Oceandoor-Midwest while his
ame appears on patents filed by Oceandoor-University’s region
the mother company) along with regional inventors. This suggests
n intrafirm spillover via cooperation among employees located on
ifferent sites, which implies an indirect channel for local knowl-
dge transfer: intrafirm collaboration with migrant graduates.

The above are examples of socially mediated spillovers. How-
ver, there are also direct spillovers from reading the patent or
elated scientific documents (such as doctoral theses and confer-
nce proceedings cited by some of the firm inventors).

I was aware from an early date of the West Coast University’s
research and had seen the early technical papers.8 However for
the patent filing it is usually more expedient to reference the
patents themselves rather than the technical papers.

Inventor B.

The above is evidence of how informal knowledge transfer chan-
els contributed to the establishment of a local industry around
EMS,  which is in line with the literature on regional knowledge

pillovers (Jaffe, 1986; Varga, 2000).

. Conclusion

We  believe our study makes several contributions. So far, the
conomics of Innovation literature has remained almost silent
bout the dynamic interaction between formal and informal chan-
els for knowledge transfer between university and industry. As
ughes (2001) suggests, the relationship between the knowl-
dge transferred through various formal channels (as licensing
nd consulting) could be the subject of discussions on property
ights. Similarly, our data suggest that the transfer of knowledge
roadly related to the comb drive patent occurred through for-
Please cite this article in press as: Azagra-Caro, J.M., et al., Dynami
channels: A case study of the most highly cited academic patent. Res.

al  collaboration channels other than patent licensing. However,
ur evidence adds a new insight to the relationship between the
nowledge transferred through formal and informal channels. Dur-

8 Later in the interview, the inventor clarified that he referred to reading confer-
nce proceedings.
els in two  cases related to the focal patent.

ing the Advanced Institute consultancy for Sensor Technologies,
MEMS  designs were fabricated by both Advanced Institute and
Sensor Technologies facilities, which improved Advanced Insti-
tute’s fabrication capabilities based on knowledge transferred via
personal contacts. The relationship between the design knowl-
edge transferred via formal consultancy activity and the fabrication
knowledge transferred from industry to university (and, ultimately,
to local entrepreneurs through the WMLA  programme) did not
seem to raise concerns over property rights, which suggests that, in
these kinds of dynamic interactions, knowledge generated during
formal transfer activities could be transferred via informal chan-
nels.

Our emphasis in the temporally unfolding, sequential character
of knowledge transfer through different channels could encour-
age future work to generate systematic quantitative evidence to
test propositions related with the sequence of channels. For exam-
ple, through survey questionnaires or crossing citation databases
with university funding databases, future studies could examine
whether firms citing universities are the same as firms contracting
universities, and the sequence of citations and contracts.

We  also showed that local economic impact was  achieved only
after a complex sequence of interactions between formal and
informal channels. The assumption implicit in many studies of
localization is that the knowledge transferred by one channel has
no relationship with the knowledge transferred via other channels.
A corollary of this assumption is that the study of economic local
impact can be limited to one channel. Our case study of the comb
drive patent shows that local impact was achieved only after a
dynamic, temporally unfolded, interaction among formal and infor-
mal  knowledge transfer channels. Compared to the wider literature
on local spillovers, the main difference is that, versus the typical
finding of ‘localization first, then delocalization’ (Jaffe et al., 1993),
the comb drive shows the opposite: delocalization first, then local-
ization. Whatever comes first (local or non-local spillovers) is a
matter of the absorptive capacity of the region. Hence, patent cita-
tion indicators should take into account the absorptive capacity of
the territory over which knowledge spills.

Our third contribution is methodological. Until now, research
on case studies of highly cited university patents had limited its
attention to the Cohen-Bayer patent, which holds some similarity
with our work. As in the case of the comb drive patent, Hughes
c interactions between university-industry knowledge transfer
 Policy (2016), http://dx.doi.org/10.1016/j.respol.2016.11.011

(2001) study showed the concerns arose because of the relation-
ship between the knowledge transferred through licensing and
consulting. We  extend and systematize Hughes’ insight showing

dx.doi.org/10.1016/j.respol.2016.11.011
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Table A1
MEMS  evolution previous to focal patent.

Year Event

1940s Development of pure semiconductors (Ge and Si) and
radar during World War  II.

1947 Invention of the point-contact transistor and beginning of
the semiconductor circuit industry.

1949 Improvement of semiconductor transistors performance
(grow pure single-crystal silicon).

1959 Professor Feynman gave his famous lecture ‘There is plenty
of room at the bottom’, describing the enormous amount
of space available on the microscale: ‘The entire
encyclopaedia could be written on the head of a pin’.

1960 Invention of the planar batch-fabrication process, allowing
the integration of multiple semiconductor devices onto a
single piece of silicon (i.e., monolithic integration).

1960 Beginning of the micro-electromechanical industry.
1964 Invention of the metal–oxide–semiconductor field-effect

transistor (MOSFET) and complex circuits.
1970 The resonant gate transistor was the first engineered

batch-fabricated MEMS device.
1970/80 Development of the microprocessor.
1982 MEMS  commercialization was started by several

companies that produced parts for the automotive
industry.

1983 Kurt Petersen’s seminal paper titled ‘Silicon as a
mechanical material’, increasing the awareness of the
possibilities that MEMS  has to offer.

1984 Feynman lecture titled ‘Infinitesimal machinery’.
ARTICLEESPOL-3370; No. of Pages 12
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hat studies of highly cited patents could provide information not
nly about licensing, but also about a broad variety of knowledge
ransfer channels. In Section 5.4, we described how the knowl-
dge embodied in a patent can be related to informal channels of
nowledge transfer such as recruitment of researchers and recent
raduates, attendance at conferences, collaboration with migrant
raduates, and personal contacts between students and inventors.
e also highlighted the importance of certain channels, such as

onsulting, personal contacts and open lab programmes, for achiev-
ng local impact.

From a theoretical point of view, this case study illustrates
he limitation of current approaches to explain the complex and
ynamic interactions underlying in knowledge transfer processes.
earing the protagonists’ voices enabled us to acquire a closer
erspective to the micro-realm of such processes. This closer

ook highlighted the importance of characterizing technological
nowledge as ‘design’ or ‘production’ knowledge, as proposed in
alter Vincenti’s (1990) work on epistemology of technology.

his typology allowed us to understand the relationship between
he production knowledge informally transferred from industry to
niversity and the design knowledge transfer involved in formal
ollaborations. Prior university-industry research on knowledge
hannels has sometimes used instead the division between tacit
nd codified knowledge (see Mowery and Ziedonis, 2015 for a
ecent example), despite its imprecision (Cowan et al., 2000). In
ur research we found Vincenti’s approach more appropriate for
nalysing our data, a circumstance which could inform the design
f subsequent studies (both qualitative and quantitative) on knowl-
dge transfer.

Finally, our case contributes to the debate of the use of forward
atent citations as indicators of patent value (Trajtenberg, 1990;
arhoff et al., 1999; Gambardella et al., 2008), which can have an
conomic or a technological interpretation (Wartburg et al., 2005;
arberá-Tomás et al., 2011). In the case of the most highly cited

nvention in university patenting history, the patent was  licensed
or less than half of the period of its protection, and its inventors
erceived that its economic value in the form of royalties was  low.
his provides an interesting divergence with the Cohen-Bayer case,
s the technological importance of the patent was accompanied by

 high licensing revenue (Feldman et al., 2007). Thus, our study
uggests that economic value and technological importance can
iverge in the case of highly cited patents and that forward citations
ight not be an adequate indicator of economic value (at least in

orm of royalties).
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