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Abstract: T explore the degree to which patents represent magnitude of knowledge transferred from University to Industry. Building on the
Agrawal & Henderson (2002) framework, I compare two MIT engineering departments and the School of Engineering of the Pontificia Universi-
dad Catdlica de Chile (UC Engineering). Based on quantitative and qualitative data I estimated the relative importance of patenting as a knowledge
transfer mechanism. I found that in UC Engineering patenting and publishing activity have increased steadily, in line with faculty size increase.
However, patenting is perceived by academics as a relatively less important technology transfer channel, and in terms of production counting it
appears much less relevant. Although in terms of relative importance of publishing over patenting as a technology transfer channel both are rela-
tively similar, in the perception of faculty; in terms of production counting there is a substantial difference. I suggest some plausible explanations,
proposing new avenues for research.
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Introduction

In the absence of better innovation data, patents have frequently been
used as indicators of industrial innovation (Kleinknecht & Jan Rein-
ders, 2013). Patenting, however, is only one of more than 20 different
knowledge transfer mechanisms between universities and industries
(Bekkers & Bodas Freitas, 2008). Estimating the nature and magni-
tude of the different knowledge transfer channels and its impact on
industry remains difficult, although this is important for academics,
universities and governments. University professors might be eva-
luated or provided incentives for knowledge transfer; yet defining a
metric for calculating these incentives is difficult and might be cou-
nterproductive if important knowledge transfer channels are neglec-
ted. Universities are pursuing a ‘third mission’ by fostering links with
knowledge users and facilitating technology transfer to society, thus
knowing which channels are utilized can provide information on how
to manage the collaborations with external partners. Governments,
in trying to stimulate economic growth and solutions to public pro-
blems, encourage universities to transfer knowledge and to develop
institutions that enable the “third mission”; yet in the absence of in-
dicators it’s hard to allocate resources. Thus, this matter is of great
relevance for policy-makers who attempt to stimulate the diffusion of
university-generated technologies within the wider economy.

In this paper, I explore the degree to which patents are representative
of the magnitude and impact of the knowledge transferred from Uni-
versity to Industry. I build on the framework developed by Agrawal
& Henderson (2002) who used quantitative and qualitative data to
estimate the relative importance of patenting as a mechanism for
knowledge transfer from two selected engineering departments at
MIT. Johnson sustains that some important groundbreaking tech-
nologies have stemmed from university-based work, but evidence
suggests that many of these have been the products of only a few en-

trepreneurial universities with engineering schools such as at MIT
and Stanford (Johnson, 2011). The US ranked second in intellectual
property filing activity by origin in 2016 (World Intellectual Property
Organization, 2017). Within the US, the MIT was the second uni-
versity to which more patents (278) were granted in 2016 (National
Academy of Inventors, 2017). I replicated to some extent the already
mentioned study, focusing on a particular setting: the School of En-
gineering (hereafter UC Engineering) of the Pontificia Universidad
Catolica de Chile (hereafter UC), one of the Chilean leading higher
education organizations. Drawing on a survey questionnaire applied
to the faculty of the UC Engineering ten departments; together with
quantitative information about each faculty member s patenting and
publication record, I consider to what extent patents are perceived
in terms of magnitude and impact, compared to other channels, of
the knowledge transferred from UC Engineering to industry. Data
available was scarce and contemporary, due to the recent organization
and strengthening of intermediation structures in the UC and UC
Engineering.

I found that patenting is an activity undertaken by a small portion
of the faculty members at UC Engineering. In addition, although in
terms of relative importance of publishing over patenting, as a tech-
nology transfer channel, they are relatively similar in the perception
of UC Engineering and MIT faculty, in terms of production coun-
ting strong differences are shown. This is the biggest difference that I
found. In respect to the exploration about the degree to which patents
are representative of the magnitude of the knowledge transferred
from university to industry, I found that in UC Engineering, in ge-
neral, during the last 10 years patenting and publishing activity have
been increasing steadily in line with faculty size increase. However,
patenting is perceived by academics as a relatively less important te-
chnology transfer channel, and in terms of production counting, it
appears much more less relevant.
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I speculate that, with the aim to achieve a more straightforward trans-
fer of academic knowledge into the industrial domain, enabling ele-
ments are funding availability, organizational attention to academics
productivity in terms of academic entrepreneurial culture and career
promotion rules, and alignment to strategic objectives. In particular,
the latter on the objective of helping domestic economy to find its
future and sustainable competitive advantage.

This paper contribution lies in a deeper understanding of the degree
to which patents are representative of the magnitude of the knowledge
transferred from university to industry. First, uncovering particulars
of patenting and publishing at UC Engineering. Second, analyzing
and comparing them to previous research looking at the MIT. Third,
paying attention to the extent to which patents are complementary
or substitute for publications in the university context. Finally, spe-
culating about the enablers for a more thorough knowledge trans-
fer. To sum up, effective and sustainable knowledge and technology
transfer from university to industry requires evidence about the na-
ture and magnitude of different technology transfer channels. This
work contributes to a richer understanding of the complex nature of
technology transfer activity in a university setting. In particular, this
research look at faculty in a developing country, in a specific engi-
neering school, allowing to look at a local’” social environment, thus
minimizing the heterogeneity of a broader context.

The exploratory nature of this study builds on the broad, but still frag-
mented and at times contradictory, literature on technology transfer
from university to industry. Also, on the very few studies that con-
sider engineering academics or the context of a developing country,
and few pieces of research that look at engineering settings. The pa-
per is organized as follows; section 1 introduces the aim of explo-
ring knowledge transfer in the specific setting. Then, section 2 consi-
ders gradually the notion of knowledge transfer channels, patenting
and publishing. Subsequently, section 3 presents the data and the
methodology used. Finally, section 4 discusses the results and con-
cludes the paper.

The nature of knowledge and technology transfer channels,
patenting and publishing

Valuable technological capabilities are built incrementally over time.
Petralia et al found that having capabilities in related technologies is
important for a country when entering into a new technological do-
main, the likelihood a new technological capability will emerge is hig-
her the closer that technology is with respect to the profile of existing
capabilities of the country (Petralia et al, 2017). This effect diminishes
as countries develop as results show that diversification in unrelated
technologies is less likely to occur at early stages of development (Pe-
tralia et al, 2017). They found a significant and positive reinforcement
of having developed related capabilities, implying that technological
production tends to cluster in the technological space. Furthermore,
according to their findings, the likelihood of specialization increases
for complex and valuable technologies as countries develop (Petralia
et al, 2017). In short, countries climb the ladder of technological de-
velopment gradually, changing patterns as countries develop. In any

ISSN: 0718-2724. (http://jotmi.org)

J. Technol. Manag. Innov. 2018. Volume 13, Issue 3

case, in the global value chain, countries that innovate are able to cap-
ture a larger share of the value added, while others are trapped in less
profitable activities (Petralia et al, 2017).

Technology transfer can be considered a complex and systemic phe-
nomenon. Knowledge transfer is not a single homogenous concept,
it can occur through a number of routes, both formal and informal,
referred to as “research commercialization” such as patents, licenses
and spin outs, or “academic engagement’, with the most popular being
contract research, collaborative research and consulting (Sengupta &
Ray, 2017). As a whole, Bozeman et al suggest that technology trans-
fer activity is one significant event in a multi-casual chain of events
(Bozeman et al, 2015). Further, Landry et al maintain that there are
complex interactions among multiple forms of mutually reinforcing
knowledge transfer activities that lead to enhanced performance
in the knowledge transfer of individual academics, representing a
knowledge transfer system made up of interdependent and mutua-
lly reinforcing activities (Landry et al, 2010). Moreover, Perkmann et
al argue that this transfer is a multi-level phenomenon, in the sense
that is determined by both the characteristics of individuals as well
as the organizational and institutional context in which they work
(Perkmann et al, 2013). Similarly, regarding portfolio management of
knowledge transfer activities, decision makers have to manage com-
plex social systems whose constituents and interactions are usually
incompletely understood and whose benefits only become apparent
post hoc (Landry et al, 2010). In practice, academics may make joint
decisions for multiple knowledge transfer activities rather than trea-
ting them independently, due to the presence of complementarities
that arise from interrelated knowledge transfer activities, allowing
exploiting opportunities for cost saving, as well as drawing on tacit
interrelated skills (Landry et al, 2010). Regarding the factors which
determine the propensity of academic scientists to engage themsel-
ves in commercialization activities, Arvanitis et al suggest that there
exists some kind of trade-off between financial motives because of the
perspective of additional income, the inherent motives of a scientist
who primarily pursues research goals and the reputation associated
with research achievements (Arvanities et al, 2008). Johnson suggests
that tying the outcomes of the innovation venture to the reward struc-
ture of the scientists involved in the university - industry technolo-
gy transfer process may be an effective way of motivating innovative
behavior (Johnson, 2011). Thus, technology transfer activity is seen
as a complex, multi-level phenomenon, made up of interdependent
activities.

Technology transfer channels must be carefully considered becau-
se they are not completely understood yet. Bekkers & Bodas Freitas
suggest that the perceived relative importance between technology
transfer channels hardly differs between industry and university; still,
differences in importance of various channels of knowledge transfer
are not related to industrial sectors if not rather by basic characteris-
tics of the knowledge in question, disciplinary origin of the knowled-
ge involved, and, to a lesser extent, to individual and organizational
characteristics of those involved in the knowledge transfer (Bekkers
& Bodas Freitas, 2008). Regarding more granular literature on tech-
nology transfer channels, they noted that a few studies have shown
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that differences exist in the forms of knowledge transfer across di-
fferent disciplines and industrial activities; however, the patterns of
knowledge transfer from university to industry still have to be ex-
plored systematically across sectors with different learning patterns
and different level of technology opportunities, to find explanations
underlying these patterns (Bekkers & Bodas Freitas, 2008). Moreover,
they found no consensus on the channels through which knowledge
flows between university and industrial firms. Some authors argue
that firms consider codified output, such as publications and patents,
the most important form of accessible knowledge that is being deve-
loped by a university, whereas others contend that the most impor-
tant channels for universities to have an impact on industrial R&D
are published papers and reports (Bekkers & Bodas Freitas, 2008). In
any case, Van Looy et al found no evidence of any trade-off between
the different technology transfer mechanisms (Van Looy et al, 2011).
Bekkers & Bodas Freitas summarize their findings about knowledge
transfer channels related to industry sectors in existing literature through
four ideas. First, publications, participation in conferences and collabo-
rative research are particularly important in R&D-intensive industrial
activities. Second, influx of students, contract research and collaborative
research are expected to be specially important in the engineering field.
Third, patents, spin-offs and collaborative research are expected to be of
major importance for firms active in science-intensive industries. Finally,
informal contacts are not expected to differ significantly across sectors
(Bekkers & Bodas Freitas, 2008). To sum up, there is no consensus on
technology transfer channels relative importance and patterns.

The growing relevance of technology transfer has brought new con-
cerns. In a knowledge economy, science is exerting an increasingly
large influence on innovation, especially in fast-growing knowledge-
intensive industries (Arvanitis et al, 2008). The intensity and variety
of activities at the University — Industry interface is growing and it is
crucial to improve our understanding of which university researchers
are interacting with firms (Giuliani et al, 2010). In addition, univer-
sities are becoming increasingly proactive managers of their collabo-
rations with industry, seeking to create valuable intellectual property
to foster technology transfer (Bruneel et al, 2010). In this respect, go-
vernment agencies and universities themselves have made concerted
efforts to increase the transfer of academic knowledge into the indus-
trial domain, for reasons ranging from generating societal legitima-
cy for publicly subsidized scientific research, stimulating economic
activity, to raising revenue for universities (Perkmann et al, 2013).
Research demonstrating the potential of universities to contribute to
regional economic growth and to be instrumental in the formation of
new industries has led to a greater policy focus on the role of universi-
ties in engaging with businesses and undertaking knowledge transfer
activities (Hewitt-Dundas, 2012). Overall, some authors argue that
the ‘third role’ played by universities conflicts with research and hig-
her education in the absence of adequate resources (to be devoted
to this specific aim) and of indicators of this type of output, which
are taken into account to assess the advancement of scholars’ careers
(Maietta, 2015). In particular, capabilities, in the broad context of uni-
versity commercialization of research results, are built over time and
cannot be implemented simply by setting up structures and policies
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(Rasmussen & Borch, 2010). Specifically, bottom up processes from
within the university can be important in developing these capabili-
ties (Rasmussen & Borch, 2010). Consequently, to foster technology
transfer, a clearer understanding of this activity in itself is necessary.
An engineering setting can pose an attractive context for technology
transfer. Arvanitis et al found that institutes of economics and busi-
ness administration, natural sciences, engineering and medicine are
stronger involved in knowledge and technology transfer activities
than institutes of mathematics and physics (Arvanitis et al, 2008).
Further, Perkmann et al suggest, on the institutional level, strong as-
sociation between transfer and affiliation to engineering; as well as
support for the notion of transfer of academic knowledge into the
industrial domain as complementary to traditional academic science
in research looking at engineering faculties (Perkmann et al, 2013).
In this respect, Crespi et al found evidence of a subtle scientific field
effect where computer sciences and engineering showed a crowding-
in effect between patenting and publishing; however, they also found
indications that beyond a certain threshold, a continuing focus on pa-
tenting can result in a negative effect on other channels of knowledge
diffusion such as publishing (Crespi et al, 2011). Some authors argue
that academic engineering faculties are specially positioned to un-
dertake technology transfer, but research is needed to explain some
inconsistencies drawn from evidence.

There are a number of avenues open for research on technology trans-
fer. Overall, Perkmann et al suggest that research published on the
transfer of academic knowledge into the industrial domain remains
relatively fragmented and tentative (Perkmann et al, 2013). In addi-
tion, Bodas Freitas et al maintain that despite there is an extensive
body of literature on University — Industry collaboration in develo-
ped and newly industrialized countries, no work has been published
on whether and how the establishment, content and organization
of University — Industry collaboration differ between emergent and
mature industries (Bodas Freitas et al, 2013). In this respect, explai-
ning why academics become involved in entrepreneurial ventures is a
domain that has received increased levels of interest from academics
and practitioners (Clarysse et al, 2011). A number of authors suggest
that the sparse pertinent literature claim for further research on tech-
nology transfer, to understand how universities can foster University
- Industry links, in order to facilitate this activity. This knowledge is
highly relevant for universities and policy makers seeking to increase
the impact on the industrial domain, and subsequently economy and
people.

Patenting and publishing

Patenting and publishing are important to this research because of the
potential complementary or competing relationship amongst them.
Landry et al suggest that publications, patenting, spin-off creation,
consulting and informal knowledge transfer are complementary acti-
vities (Landry et al, 2010). Moreover, generally speaking, complemen-
tarity effects among patenting, spin-off formation, consulting, informal
knowledge transfer and publications emerge under four conditions:
finance linked to private funding, the degree of novelty of research fin-
dings, network assets, and organizational assets linked to the size of
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research units and the research intensity of the universities (Landry et
al, 2010). In this respect, Crespi et al maintain that academic patenting
may be complementary to publishing at least up to a certain point, after
which there would be a substitution effect (Crespi et al, 2011).

Patents are widely used in the innovation literature because they pro-
vide a systematic and quantitative measure of new technological in-
ventions, but they are also criticized because they only capture some
specific types of innovation and technologies (Petralia et al, 2017).
Many generic forms of innovation, especially in developing countries,
won't show up in patent data (Petralia et al, 2017). Conversely, the
use of secrecy over patenting as a method of protection cannot be
measured unless a firm-level survey spanning different technological
domains is conducted (Petralia et al, 2017). In any case, a long period
is necessary to ascertain the effects of collaboration between natio-
nal systems of innovation’s actors and industry, after accounting for
cross-sectional and time heterogeneity (Maietta, 2015). In coheren-
ce with this view, looking for accuracy in metrics based on activity,
Bozeman et al suggest that measures need to be tracked over time.
They point out that the US Department of Energy, rather than simply
reporting the number of patents, report the ratio of patents in a given
year to patent applications filed for a three year base period, using a
rolling three-year average (Bozeman et al, 2015). Nevertheless, they
emphasize that for any valid inference about effectiveness, activity
measures must relate to resource measures (Bozeman et al, 2015).

Crespi et al argued that findings are mixed with regards to the rela-
tionship between patenting and publishing among academics. While
there is some statistical evidence of a complementary effect (co-oc-
currence) between publishing and patenting, there is also qualitative
and quantitative evidence of crowding out, highlighting the presence
of non-linear relationships between patenting and publishing (Cres-
pi et al, 2011). It is also suggested that patents and publications can
result from one and the same underlying research effort, showing a
positive relation at the individual professor and scientist level (Van
Looy et al, 2011). Both activities share the objective of advancing
knowledge and the state-of-the-art, in science and technology, res-
pectively (Van Looy et al, 2011). In any case, Van Looy et al found
that the level of scientific productivity is the only variable consistently
(and positively) related to levels of entrepreneurial activity (Van Looy
et al, 2011). In consistency with this view, Perkmann et al suggest
that academics who generate high numbers of publications in peer-
reviewed journals also excel at patenting and academic entrepreneur-
ship, although compared to alternative channels of interaction paten-
ting and academic entrepreneurship are only moderately important
(Perkmann et al, 2011). To sum up, patenting is commonly used as a
measure of innovation or technology transfer. Although as Bruneel et
al maintain, it is unclear whether the changes that have occurred in
university patenting activity are a direct consequence of technological
changes or of policy (Bruneel et al, 2010).

As a final point, it is important to underline the increase of Chilean
policies and incentives aimed at stimulating R&D and technological
transfer from academia to the industrial domain. This, since the in-
troduction of an industrial property law (1991) and the tax incenti-
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ve for R&D investment law, enacted in 2008, has generated growing
interest in the magnitude and impact of patenting in terms of the
knowledge transferred from university to industry.

Data and methods

UC Engineering was selected in this work because the author works
in DICTUC SA, a company affiliate to the UC, dedicated to transfer
knowledge and technology generated by UC Engineering, so as to place
it at the service of the community, through individual or multidisci-
plinary services (Pontificia Universidad Catdlica de Chile, 2016). DIC-
TUC links academia and research to productive sectors of the country,
providing multidisciplinary engineering services to solve specific pro-
blems and developing large, relevant and diverse projects, in order to
positively impact people, by giving concrete solutions to the challenges
of society (DICTUC, 2016). Another reason is because the universi-
ty is one of the premier higher education organizations in Chile. The
university obtained the first place of Latin American universities in the
QS 2018 ranking, after being third in the 2017 ranking. Furthermore,
MIT ranked UC Engineering in the fourth position of its 2017 global
ranking of emerging engineering institutions with a better projection
for the coming years. UC Engineering was behind the University of
Technology and Design of Singapore, which ranked first, Olin College
of the US (second) and University College London (third). This is im-
portant in respect of technology transfer as those universities with hig-
hest research quality will be most likely to engage in knowledge transfer
(Hewitt-Dundas, 2012). Besides, the university was the Chilean organi-
zation that filed most patent applications for invention in Chile in 2015.
Within the UC, the areas with the highest number of patent applica-
tions are life sciences, with more than a third, followed by engineering
and construction, and the rest are divided into design, food, chemical
processes, and others. Finally, UC Engineering’s leadership highlights
the critical role that applied disciplinary and interdisciplinary research
will play in helping economy find its future and sustainable competi-
tive advantage to tackle the increasingly complex shared concerns of
Chilean people and society (Pontificia Universidad Catdlica de Chile,
2016). In summary, UC engineering is committed to become a world-
class school of engineering, recognizing that a critical path in this realm
has to do with orchestrating capabilities that finally use knowledge and
technology as a vehicle to impact society as well as global markets. As
a result, this specific setting seems well suited to explore the nature of
knowledge and technology transfer at UC Engineering with focus on
publishing and patenting behavior of faculty members.

The data for this work is based on the population of professors who
were on the faculty on December 2017 and who generated at least one
paper or patent during the period January 2008 -- December 2017.
This added up a total of 111 professors. I chose to focus on this period
because publication and patenting data were available for those years.
Our final data set includes information about 47 patents and 2,090
papers, allocated to the sample faculty. Paper data was collected from
Dimensions of National Scientific Production, the Scientific Informa-
tion Program CONICYT (DataCiencia), (CONICYT, 2017) for some
selected universities chosen, and the records of the UC Engineering’s
Directorate of Innovation and Research for UC Engineering. Patent data
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was collected from the Chilean National Institute of Industrial Property
(INAPI) for the selected universities, and the records of the UC’s Direc-
tion of Transfer and Development for UC Engineering. The year of the
patent is the application year, which is the more closely approximating
the invention date. Publications have been dated in the year of publica-
tion because that is the only date available in a reliable manner.

This work resorts to both qualitative and quantitative data. Due to the
exploratory nature of this effort, I focus on a single university and in
particular, one engineering faculty made of 10 departments. The core
of this work is the consideration of the professors currently working
on a full time basis at UC Engineering. I have to highlight the ori-
ginality of this research, in the setting of one engineering school in
a developing country. In this particular context, literature regarding
technology transfer from university to industry in general, and from
an engineering school in particular, is almost inexistent.

I supplemented quantitative data with a survey questionnaire aimed
to collect quantitative as well as qualitative data. I requested every
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faculty member to answer a survey questionnaire during the two-
day’s UC Engineering strategic planning workshop held on January
2018. To develop the questionnaire, I conducted a few interviews with
academics and reviewed the literature. The survey asked about acade-
mics’ demographics as well as perceptions on their research and on
channels of knowledge transfer. Of the faculty members, 66 % agreed
to answer, resulting in a sample size of 73.

Results

Sample characteristics

Table 1 presents basic descriptive statistics for professors that were fa-
culty members in December 2017 who generated at least one paper or
patent application, contrasted with the faculty members who had fi-
lled at least one patent application between 2008 and 2017 (Academic
inventors). The academic inventors published about 50% more than
the population mean and patented a great deal more (over 5 times)
and were active over 50% more time during the period considered
(longer tenure).

Table 1 Descriptive statistics for the total population and Academic inventors

Total population Academic inventors
N 111 22
Publications
Mean 18.8 28.1
Standard deviation 15.2 18.4
Median 15 24.5
Maximum 79 79
Minimum 1 4
Patents
Mean 0.4 2.1
Standard deviation 1.1 1.4
Median 0 1
Maximum 6 6
Minimum 0 1
Years at UC Engineering
Mean 13.4 20.6
Standard deviation 10.5 9.5
Median 11 21
Maximum 43 43
Minimum 1 4

Source: Records, Directorate of Transfer and Development Pontificia Universidad Catdlica de Chile, December 2017 (Patents); and Records, Directorate <
of Innovation and Research, School of Engineering, Pontificia Universidad Catdlica de Chile, December 2017 (Publications).

Patenting and publishing, two channels for technology transfer

A increase in scientific publication and patenting has been recorded du-
ring the last few years in Chile. Figure 1 shows total patents assigned to
six selected universities in Chile between 2008 and 2015. Between 2008
and 2014, despite fluctuations from year to year, the universities increa-
sed significantly the number of patents granted, between 50% and 238%,
with the exception of the Austral University, with a decrease of 33%. For
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example, while the UC was granted eight patents in 2008, in 2014 the
figure reached 21, a 163% of increase. Further explanation requires the
sudden decrease in activity in 2015, for all of the universities in the sam-
ple, possibly due to incentives in 2014 that boosted a specific year, restric-
tions of public resources for R&D in the immediately preceding years,
or an economic slowdown during these years. A supplementary expla-
nation could be recent incentives to universities for technology transfer
facilitation, which resulted in the patenting peak observed in 2014.
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Figure 1 Selected universities patenting over time
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Source: National Institute of Industrial Property (INAPI) records for patent applications, November 2017.

Figure 2 shows patenting and publishing data over time for the academics
of UC Engineering that patented or published at least once between 2008
and 2017. On the one hand, a clear upward trend can be seen regarding
publications, which increased by 189 % in the period. On the other, pa-
tents showed an upward trend, with a decrease in 2012, and a sudden fall
in 2016 with a swift recovery in 2017. The difference in patenting in 2015
between Figure 1 and Figure 2 (i.e. between selected universities and
UC Engineering), where the selected universities had a sudden decrea-
se in 2015, whereas UC Engineering experienced a fall in the following
years could be, allegedly, attributed to recent work to speed up patenting
applications at UC Engineering that was completed in 2015. Figure 2 also
shows that publication counting is much more higher than patenting. It
is much more important, at least measuring counting data. While the

average faculty member publishes a ratio between 2.3 and 3.7 papers per
year, they produced between 0.03 and 0.09 of a patent. Notwithstanding,
it is relevant to note that the number of academics increased steadily
from 56 to 111 during the period. To sum up, for UC Engineering in the
period considered, publishing rates increased in a threefold manner, the
number of academics doubled, and patenting fluctuated with a slightly
upward trend that fell in 2016 but recovered in 2017.

There is a potential limitation in respect of possible survivorship bias,
a common type of sample selection bias; because our population con-
sists of professors that were in the faculty in December 2017, thus
faculty that left over the period has been systematically excluded. It
is possible that our results would be distorted if “weak” faculty left.

Figure 2 Papers and patents at UC Engineering
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Source: Records, Directorate of Transfer and Development, Pontificia Universidad Catolica de Chile, December 2017 (Patents); and Records, Directorate
of Innovation and Research, School of Engineering, Pontificia Universidad Catolica de Chile, December 2017 (Publications).
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Note that the ratios for data presented in Figure 2 considered the
number of full time academics that have published or patented at least
once in the period considered. The ratios considered the number of
academic tenured each year because faculty increased progressively
every year, from 56 in 2008 up to 111 in 2017. It has not been taken
into account academics that entered and left faculty between these
years.

Table 2: Average publications and patent rates per academic per year

Publications Patents Period
UC Engineering 2.9 0.06 2008 - 2017
MIT, two Engineering
1.8 0.25 1983 - 1997
Depts.
Source: Agrawal & Henderson. Putting Patents in Context: Exploring

Knowledge Transfer from MIT. Management Science Vol. 48 N°1, January
2002 (MIT Publication and Patents). Records, Directorate of Transfer and
Development, Pontificia Universidad Catolica de Chile, December 2017 (UC
Engineering Patents); and Records, Directorate of Innovation and Research,
School of Engineering, Pontificia Universidad Catdlica de Chile, December
2017 (UC Engineering Publications).

When these averages for faculty members are compared to data
gathered by Agrawal & Henderson (2002) in his work focused on two
MIT engineering departments (See Table 2), the ratios are 1.5 and 2.0
(average 1.8) for publishing and about 0.25 for patents. This situation
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suggest a much higher relative importance of publishing over paten-
ting in UC Engineering when compared to the sample from the MIT.
An alternative explanation could be that publications do not refer to
technologies that could be patented.

It is essential to underline that this comparison is anecdotal. There is
a gap in time of about 10 years between the two populations consi-
dered, and they are not comparable in a straightforward manner, as
UC Engineering is a complete faculty, comprised by ten departments,
covering a broad array of engineering disciplines, compared to the
MIT’s departments of Mechanical Engineering, and Electrical Engi-
neering and Computer Science. In addition, the 2017 Chilean Natio-
nal Innovation Strategy for Development points out that the complete
set of national science corresponds to that of a good medium-sized
US research university (Consejo Nacional de Innovacién para el De-
sarrollo, 2017).

Table 3 shows the average paper-to-patent ratio of the total popula-
tion of full time academics, along with the academic inventors, for the
ten years for which data could be gathered. There is a clear systematic
difference between the ratios for the total population and the group
of patenting academics. Above all, only a small fraction of the faculty
members (0.20) patent at all. Twenty-two professors have patented
between 2008 and 2017, seven of them have between two and six pa-
tents in total.

Table 3 Comparative paper to patent ratios, total population and patenting academics

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Total population
56 60 66 73 76 83 90 99 104 111
(Full time academics that publish or patent)
Academic inventors
) 2 2 2 4 3 6 8 7 4 5
(Academics that patent)
Academics publishing at least one paper 44 48 56 55 65 65 72 85 92 95
Paper-to-patent ratio
65.0 72.0 45.0 29.8 76.3 32.7 31.6 31.3 96.0 53.7
(Total population)
Paper-to-patent ratio
o 16.5 18.0 10.3 7.8 20 7.7 7.4 6.2 17.0 10.0
(Academic inventors)

Source: Records, Directorate of Transfer and Development, Pontificia Universidad Catolica de Chile, December 2017 (Patents); and Records,
Directorate of Innovation and Research, School of Engineering, Pontificia Universidad Catdlica de Chile, December 2017 (Publications).

Figure 3 presents the percentage of faculty members who publis-
hed or patented every year between 2008 and 2017. In consistency
with paper-to-patent ratios (Table 3), patenting shows up as a minor
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activity compared to academic publications. On average, only 5.1%
of the faculty patent in any given year. Conversely, over 80% of the
faculty publish as a minimum one paper in any given year.
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Figure 3 Percentage of faculty members publishing and patenting
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Source: Records, Directorate of Transfer and Development Pontificia Universidad Catolica de Chile, December 2017 (Patents); and Records,
Directorate of Innovation and Research, School of Engineering, Pontificia Universidad Catdlica de Chile, December 2017 (Publications).

Figure 4 delves into this aspect by presenting the distribution of profes-
sors in terms of publishing (4a) and patenting (4b) frequency between
2008 and 2017. It is noteworthy the difference between both distribu-
tions. In coherence with Figure 3, the distribution of patenting faculty
is highly skewed to the left. About 80% of the professors have never
filed a patent application; only 6 faculty members have filed more than
2 applications with a maximum of 6. Distribution of publishing faculty
is also skewed to the left, although it has mass up to about 25 papers
published, with three prolific authors producing over 40 papers in the
period. 72% of the faculty members have published up to 20 papers,
14% more than 30 papers, while 9% have published 35 or more.

In a diagnostic report on academic entrepreneurship at UC Enginee-
ring, it was found that more than half of the professors are interested
in undertaking academic entrepreneurial activities (Pontificia Uni-
versidad Catdlica de Chile, 2017). However, the main barrier, men-
tioned by the respondents to a survey, was lack of time to devote to
this sort of activity, considering the framework for academic career
assessment. Regarding potential proposals for actions to encourage
academic entrepreneurship, the most important aspect, in the view
of the respondents, was the possibility of having a comprehensive
assistance process to support the development of academic entrepre-
neurial initiatives (Pontificia Universidad Catolica de Chile, 2017).
However, the idea that organizational support for knowledge transfer
may significantly affect the performance of this activity has found li-
mited support; despite similarity in the presence, staffing and capa-
bility of TTOs across universities, significant differences have been
found in the scale and scope of knowledge transfer activities (Hewitt-
Dundas, 2012). In any case, Hewitt-Dundas suggests that capabili-
ty is less important in shaping knowledge transfer activity than the
strategic priorities for knowledge transfer, arguing that even where
capability is established, this will not directly generate activity if the-
re is a ‘disconnect’ between the organizational supports and strategic
priorities (Hewitt-Dundas, 2012).
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Figure 4a Publication frequency
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télica de Chile, December 2017 (Patents).
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Another piece of evidence, about the relevance of patenting in the
transfer that reaches industry, is provided by the answers to the survey.
The objective of the survey was to understand the UC Engineering’s
faculty members’ perspective in respect of knowledge and technolo-
gy transfer and its channels relative importance. Figure 5 shows the
response to one of the questions, the relative importance credited to
nine different channels of technology transfer. Respondents classified
important or very important every channel, ranking collaborative
research (22.9%) as the most important knowledge and technology
transfer channel to industry, followed closely by publications (22.1%).
Only informal channels (ex.: conversations) was ranked below paten-
ting and licensing which reached 11.1%.

Figure 5 Perception of relative importance of knowledge
and technology transfer to industry

Conference Consulting
presentations 14,2%
20,1%

Informal channels
9,7%

Publications
22,1%

Collaborative
research
22.9%

Source: Survey to UC Engineering faculty, January 2018.

Table 4 presents our survey results and compares them with Agrawal
& Henderson (2002). It is noticeable the relatively low importance
that UC Engineering faculty members assign to patenting and licen-
sing. It was deemed important or very important as a knowledge and
technology transfer channel by 11.1% of the respondents. Both sets
of results rank patents and licensing as relatively unimportant (11.1%
versus 9.0%), while both sources view consulting, publishing and co-
llaborative research accounting for 59.2% versus 76.3% as important
or very important channels. All in all, these results show the relatively
low importance that UC Engineering academics assign to patenting
and licensing, and is consistent with the hypothesis formulated by
Agrawal & Henderson (2002) that patenting constituted a relatively
small channel for the transfer of knowledge form university to indus-
try. There are potential limitations associated with the fact that I asked
about perceptions of relative importance of knowledge and technolo-
gy transfer channels, which may be influenced by the channels that
involve more interaction with firms that use individual academics’
particular knowledge. Faculty might overestimate the relative impor-
tance of channels that involve more interaction with firms that use
their particular knowledge, and to underestimate the importance of
other channels. In addition, I considered only those faculty members
that have published or patented at least once. It could be expected that
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this group overestimate, to some extent, the importance of publishing
as over 80% have published as a minimum one paper in any given
year; and underestimate patenting and licensing importance, as about
80% of the academics have never filled any patent application.

Table 4 distribution of perceived importance of channels of
knowledge and technology transfer to industry

Estimate the portion
of the influence your
research has had on
industry activities,
including research,
development and

What is your perception
of relative importan-
ce of the following
knowledge and techno-
logy transfer channels

L production that was
(ve Eznogll;l)e.ermg, transmitted to each of
’ the following chan-

nels (MIT, 2000):

9% Total that responded

at least “important” % Total
(4 on 5-point Likert Normalized to equal
scale) Normalized to 100
equal 100
Consulting 14.2 344
Inf 1 ch 1
nformal ¢ an.ne s 0.7 8.6
(ex. conversations)
Collaborative research 22.9 16.6
Patents and licenses 11.1 9.0
Publications 22.1 25.3
Conferen.ce 201 71
presentations

Source: Agrawal & Henderson. Putting Patents in Context: Exploring
Knowledge Transfer from MIT. Management Science Vol. 48 N°1, January
2002 (MIT, two engineering departments). Survey to UC Engineering faculty,
January 2018 (UC Engineering).

As awhole, all these results are consistent with the idea that patenting
and licensing represent a relatively small channel for the transfer of
knowledge from academia to industry. It is remarkable, despite the
anecdotal nature of the comparison, the extreme importance of pu-
blications over patents in terms of production, when comparing UC
Engineering to MIT’s engineering departments. Average publications
per academic are more than 50% more frequent, and patenting per
academic over four times less frequent, at UC Engineering, as shown
in Table 2. In terms of academic perceptions of the relative importan-
ce of knowledge and technology transfer channels, however, paten-
ting and publishing results are much closer in terms of order of mag-
nitude as seen in Table 4. Although UC Engineering academics found
relatively more important publication over patenting in a ratio of 2:1,
versus 2.8:1 gathered by Agraval & Henderson; in terms of average
production of papers per patent per year, ratios are 48:1 versus 7:1
respectively (see Table 2). Furthermore, despite that UC Engineering
academics deemed important or very important publications (22%)
over patenting (11%), they publish almost 50 times more than patent.

It is not easy to speculate in respect of these differences about paten-
ting versus publishing in terms of perceptions and production due to
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the complex and systemic nature of technology transfer activity. Cau-
ses could be found in the level of sophistication or “demand” of tech-
nology transfer from industry, trust of industry in domestic acade-
mia capability to deliver on time and budget, lack of match amongst
disciplines or characteristics of the knowledge addressed, academic
entrepreneurial culture, incentivation schemes for academics, lack of
complementarities with other technology transfer channels, to name
some. Alternatively, it might be simply that papers are preferred in the
domestic industry context over patents as a channel to gain knowled-
ge from academia. This is a matter that remains unclear.

Notwithstanding, despite the numerous pitfalls it has as a measure, focus
on patenting appears to be likely to continue providing a useful lens to
consider the impact of a university on the economy, even though patents
represent a relatively small portion of total knowledge transferred. Re-
porting ratios of patents in a given year over three-year average and con-
sidering these ratios related to resource measures are suggested measures
to increase robustness compared to plain patenting ratios per year.

J. Technol. Manag. Innov. 2018. Volume 13, Issue 3

Relationship between patenting and publishing behavior

Inow look at the degree to which these two variables, patenting and publis-
hing, are related. From a quantitative perspective at UC Engineering, Figure
6 shows the plot of total patents versus total publications per academic (6a).
Similar to Agrawal & Henderson, there is no clear relationship between the
two variables, and the plot represent the strong minority of patenting acti-
vity compared to publications. A similar plot is then presented where data
has been adjusted to the number of years each academic has been active
(6b), paper and patent production has been divided by the number of years
each professor has been working at UC Engineering during the period
investigated. Again, no clear relationship is evident. If anything, the plot
shows a few academics that publish heavily but does not patent, and that no
academic inventor publish more than four papers per year. In any case, it is
noteworthy that all academic inventors at UC Engineering publish, and in
general, they publish a big deal more than the total population conside-
red. The latter is a difference from Agrawal & Henderson’s research as they
found a few academics patenting heavily but not publishing.

Figure 6a Papers versus patents output, 2008 - 2017 (n=111)
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Figure 6b Papers versus patents output per year, 2008 - 2017 (n=111)
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Source: Records, Directorate of Innovation and Research, School of Engineering, Pontificia Universidad Catélica de Chile, December 2017 (Publications);
Records, Directorate of Transfer and Development Pontificia Universidad Catolica de Chile, December 2017 (Patents).
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Table 4a presents another step in this analysis looking at academic
inventors, showing correlation coefficients for some flow measures of
patenting and publishing behavior. Three one-year lag variables have
been included to capture any difference arising from the fact that I
am using publication and patent application dates. Thus, it is reaso-
nable to assume that a paper and a patent written in the same year
would have a difference as publication cycles may last more than one
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publishing behavior over time (0.37, 0.02, and 0.60 are the correlation
1y 3+ Though
no clear correlations is evident in respect of patenting behavior over
time (-0.02, -0.26, and 0.20 are the correlation coefficients of Patent,
with Patent o
ce that patenting and publishing behavior are correlated with each
other (-0.19, 0.44, -0.1291 and 0.2531 are the correlation coefficients

coefficients of Paper, with Paper, Paper,, and Paper,

Patent(l_z), and Patent( ). Similarly, there is no eviden-

year. First, a low to moderate positive correlation was found across of Paper, with Patent, Patent“_l), Patent“_z), and Patent([_s) respectively).
Table 4a Correlation matrix: patenting and publishing
Paper Paper | Paper , Paper , Patent Patent | Patent , Patent
Paper | 1
Paper | 0.3745 1
Paper 0.0220 0.4073 1
Paper , 0.6026 0.4433 0.2990 1
Patent . -0.1948 -0.1785 -0.2126 -0.4609 1
Patent | 0.4415 0.0203 -0.0820 0.3080 -0.0199 1
Patent , -0.1291 -0.1904 0.0994 0.1746 -0.2592 -0.0754 1
Patent - 0.2531 -0.0168 0.0679 -0.0314 0.1979 -0.0690 -0.3499 1

In short, on the one hand a low to moderate positive correlation was
found across publishing over time; on the other, the number of pa-
pers written three years ago is not related to the patent applications
filed today, or in any of the last three years. The central finding re-

mains, patenting and publishing activity does not appear to be sig-
nificantly related. This is a difference with Agrawal & Henderson, as
they found a clear correlation across publishing and across patenting
behavior, but little evidence of patenting and publishing correlation.

Table 4b Correlation matrix: patenting and publishing (Stock measures)

Total papers Total patents Total years Papers per year Patents per year
Total papers 1
Total patents 0.1578 1
Total years 0.5318 0.3395 1
Papers per year 0.6044 -0.1102 -0.2162 1
Patents per year -0.2254 0.6413 -0.3619 0.0724 1

In a similar manner, Table 4b presents correlation coefficients for
stock measures of patenting and publishing behavior for academic
inventors, including totals and averages. Although a measure of co-
rrelation is present (0.16) between total papers and total patents, this
is largely caused by the variance in the numbers of years that the aca-
demics have been working at the university. When this factor is con-
trolled for by taking paper and patent output averaged, the coeflicient
is much smaller (0.07). Again, no correlation is apparent between pu-
blishing and patenting behavior.

Patens and papers: substitute or complement?

Now, I pay attention to the extent to which patents are complemen-
tary or substitute for publications in the university context. As argued
in Section 2, some authors suggest a complementary effect whilst
others have found evidence of a crowding out effect. So far, our evi-
dence suggest no significant relation amongst them. In this respect,
as shown in Figure 7, when UC Engineering academics were asked to
what extent knowledge in their individual technological field is pri-
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marily expressed in ‘scientific documents’ (e.g. journal articles, con-
ference papers, and proceedings) or in ‘grey literature’ (e.g. patents,
industrial reports, confidential memorandums, discussion lists), they
chose clearly ‘scientific documents’ over ‘grey literature’ Thus, in the
academics” perspective, knowledge in their respective technological
field is mainly expressed in scientific documents instead of grey litera-
ture. This is consistent with our data that shows the strong prevalence
of publishing over patenting.

If patenting activity is a substitute for publishing, it would be expecta-
ble publication rates negatively correlated to patent figures. However,
correlation coefficients are non significant and even they alternate
sign over time (Tables 4a and 4b). Thus, our results suggest that no
substitution effect is evident among patenting and publishing activity.
By the same token, based on our correlation results complementari-
ty amongst patenting and publishing could be neglected as well. In
addition, when publication means of total population and academic
inventors are divided by the respective average number of years at UC
Engineering (see Table 1), the ratios of publications per year (1.40 and
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1.36 respectively) are rather similar. This suggest that seniority would
not be an influential factor in terms of average publication produc-
tion. Conversely, when patenting means are controlled in the same

J. Technol. Manag. Innov. 2018. Volume 13, Issue 3

manner (0.03 and 0.09 respectively), the difference is substantial,
suggesting that seniority could be an influential factor on patenting
behavior.

Figure 7 Primary expression of UC Engineering’s academics knowledge

Grey literature

Scientific decuments
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40%
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Source: Survey to UC Engineering faculty, January 2018.

Conclusion

What are the findings of this exploratory research? I began this paper
by asking to what extent patents are representative of the magnitude
and impact of the knowledge transferred from university to indus-
try. This question is highly relevant for policy-makers who attempt to
encourage the diffusion of university-generated technologies within
the wider economy. Our analysis of UC Engineering has shown some
conclusions.

The steady increase in the number of academics at UC Engineering
since 2008 until 2017 (56 to 111), has been accompanied by growth in
annual publishing (130 to 376) and patenting (2 to 7) outputs at UC
Engineering. Patenting is an activity undertaken by a small portion
of the faculty members (about 5% in any given year), resulting in a
relatively small channel for the transfer of knowledge and technology
to industry, in consistency with the widely accepted idea in this res-
pect. Moreover, 80% of the faculty members have never filed a patent
application. Despite that UC Engineering faculty members deem pu-
blications (22%) more important than patenting (11%) as a channel to
transfer technology to industry, I found that they publish, in average,
almost 50 times more than patent.

An anecdotal comparison of UC Engineering and two engineering de-
partments at the MIT (Agrawal & Henderson, 2002) suggests a much
higher relative importance in terms of production counting, for the
former, of publication over patenting activity as a technology trans-
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fer channel (48:1 versus 7:1 are the respective average publication to
patent rates per academic per year). In average, UC Engineering aca-
demics publish more (3:2) but patent a big deal less (1:4) compared
to the MIT sample. Neither complementary nor substitution effect
was found amongst publishing and patenting. For UC Engineering,
only a low to moderate positive correlation was found across publis-
hing behavior over time, but not across patenting. Seniority was not
found to be related with publishing behavior, but academic inventors
compared to the total group of academics tend to have much longer
tenures (20.6 versus 13.4 years in average). The UC is the Chilean
university with the higher number of patent applications in country.
In this respect, in the US, the MIT is one highly prolific university.
However, although in terms of relative importance of publishing over
patenting, as a technology transfer channel, UC Engineering and the
sample from the MIT are relatively similar in the perception of faculty
(2:1 versus 2.8:1); in terms of production counting, the ratios showed
a substantial difference. This is the biggest dissimilarity that I found in
our comparison. I can only speculate about this situation, suggesting
that at the level of knowledge transfer activity portrayed, differences
about publishing versus patenting might be related to the complex
and systemic nature of technology transfer activity. Also, in the sort of
“demand” of technology transfer from industry, weak trust of indus-
try in domestic academia’s capability to deliver on time and budget,
divergence amongst the characteristics of the knowledge addressed,
publication-oriented academic culture, not completely aligned incen-
tivation schemes for academics, lack of complementarities with other
technology transfer channels, to name some.
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In respect to the exploration about the degree to which patents are
representative of the magnitude of the knowledge transferred from
university to industry, I found that in UC Engineering, in general,
during the last 10 years patenting and publishing activity have been
increasing steadily. However, patenting is perceived by academics as
a relatively less important technology transfer channel compared to
publishing (2:1), and in terms of production counting it appears even
less relevant (almost 50:1). It is important to stress that constraints
on the data available currently limits our ability to explore this speci-
fic type of technology transfer activity in a more granular manner or
expand our analysis to consider other technology transfer channels.
Notwithstanding, the anecdotal comparison with the MIT lead us to
ask if there are some obstacles or barriers impeding a more robust pa-
tenting activity; or even hampering other technology transfer chan-
nels. Taking into account the magnitude of the differences found, it
appears of the utmost importance to detect and overcome obstacles
and barriers considering increasing pressures from elements as diver-
se as societal expectations, fast technological change, firms” innova-
tion needs and market pressures inter alia.

In the broader knowledge and technology transfer context, availabili-
ty of financial resources to undertake research and organizational at-
tention to academics productivity balancing publishing and patenting
activity, appear as essential inputs. The former from public or private
sources, and the latter by means of academic entrepreneurial culture
and academic career promotion rules. Another key element is align-
ment to the strategic objective of helping domestic economy to find
its future and sustainable competitive advantage. Provided that these
fundamentals are in place, a more straightforward transfer of academic
knowledge into the industrial domain could be expected. Clearly, there
is much to do to advance knowledge. On the one hand, a finer analyses
of academic activity. Closer attention to faculty behavior, in respect of
multiple technology transfer channels, across departments over time
should be enlightening. Building and maintaining robust databases
could assist more effective management of academic activity and inte-
raction with industry. On the other, the addition of the industrial cou-
nterpart perspective would enable a more comprehensive perspective.
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