* Corresponding author.

Acknowledgements

UNIVERSITY ENTREPRENEURSHIP:
A TAXONOMY OF THE LITERATURE

Frank T. Rothaermel*
College of Management
Georgia Institute of Technology
Atlanta, GA 30332-0520
Voice 404-385-5108
Fax 404-894-6030
frank.rothaermel@mgt.gatech.edu

Shanti D. Agung
College of Management
Georgia Institute of Technology
Atlanta, GA 30332-0520
Voice 404-385-4888
Fax 404-894-6030
shanti.agung@mgt.gatech.edu

Lin Jiang
College of Management
Georgia Institute of Technology
Atlanta, GA 30332-0520
Voice 404-385-4888
Fax 404-894-6030
lin.jlang@mgt.gatech.edu

Special Issue of Industrial and Corporate Change

“The Rise of Entrepreneurial Activity at Universities:

Organizational and Societal Implications”

Edited by:

Donald S. Siegel, Mike Wright, and Andy Lockett

Submitted: January 31, 2006
Revision: August 31, 2006

ICC-SP#5.R1

We thank the co-guest editors Donald Siegel, Mike Wright, and Andy Lockett, the anonymous reviewers,
as well as Gideon Markman, Phil Phan, and Scott Shane for helpful comments and suggestions. We
thank Karyn Lu for expert copy editing.

Rothaermel gratefully acknowledges support for this research from the Kauffman Foundation, National
Science Foundation (CAREER Award, NSF SES 0545544), and the Sloan Foundation (Industry Studies

Fellowship). Rothaermel is an Affiliate of the Sloan Biotechnology Industry Center at the University of
Maryland. The usual disclaimer applies.



ICC-SP#5.R1

UNIVERSITY ENTREPRENEURSHIP:
A TAXONOMY OF THE LITERATURE

Abstract

The literature on university entrepreneurship is rapidly expanding, in both the United States and
Europe. Since the literature is also fairly fragmented, however, we submit that it is time to take stock of
the current knowledge to provide directions for future research and guideposts for policy makers. To
accomplish this, we present an unusually comprehensive and detailed literature analysis of the stream of
research on university entrepreneurship, now encompassing about 150 articles published in a variety of
academic journals. Four major research streams emerge in this area of study: (1) entrepreneurial research
university, (2) productivity of technology transfer offices, (3) new firm creation, and (4) environmental
context including networks of innovation. We inductively derive a framework describing the dynamic
process of university entrepreneurship based on a synthesis of our results. We submit that this framework

is useful in guiding future research on this important, yet complex and under-researched topic.

Running Header: University Entrepreneurship

Key Words: university entrepreneurship; academic entrepreneurship; technology transfer; technology
transfer offices; incubators; science parks; research parks; university spin-outs; university spin-offs; new
venture creation; networks of innovation
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1. Introduction

Universities in developed countries have become increasingly entrepreneurial (Mowery, Nelson,
Sampat, and Ziedonis, 2004; Siegel, 2006). In the U.S., several factors have facilitated what Chesbrough
(2003) terms the shift from a “closed innovation system” to an “open innovation system.” These factors
include, among others, the rise in venture capital, the passage of the Bayh-Dole Act (providing incentives
for universities to patent scientific breakthroughs accomplished with federal funding), the rise in the pool
and thus mobility of scientists and engineers, and important technological breakthroughs in computing
(microprocessor), biotechnology (genetic engineering), and, more recently, nanotechnology. As a result,
since the early 1980s, U.S. universities have greatly increased their entrepreneurial activities along many
dimensions: patenting and licensing, creating incubators, science parks, and university spin-outs, and
investing equity in start-ups, among other indicators (Mowery, et al. 2004; Siegel, 2006).

A concomitant rise in university entrepreneurship can also be observed in Europe. The European
Commission, the executive body of the European Union, has launched several direct initiatives in an
effort to proactively enhance the transfer of university technology to industry (EIMS, 1995). European
universities, particularly some in Germany, Italy, Sweden, and the U.K., are rich sources of technology;
however, largely due to differing legal systems, these universities lag behind in their efficiency of
technology transfer compared to their U.S. counterparts. These structural shifts in the orientation of U.S.
universities, the European executive branch, and to some extent European universities, all pave the way
for the inclusion of an economic development mandate for universities in addition to their traditional
missions of education and research. As a result, these significant developments have attracted, not
unexpectedly, the increasing attention of researchers both in the U.S. and in Europe.

While scholars have become quite active in the now vibrant field of university entrepreneurship,
the academic literature remains rather fragmented. Because the growing literature on university
entrepreneurship has not yet been reviewed in a systematic fashion, it is difficult to assess what is known
to date; consequently, scholars have little guidance on how to fruitfully focus their attention in the future.
This gap calls for a detailed review and in-depth analysis of the existing literature in order to better
understand the current state of the field and to provide some guidance for future research.

This paper presents a detailed analysis and synthesis of the stream of research on university

entrepreneurship, now encompassing close to 150 academic articles published worldwide in a number of
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refereed scholarly journals between 1981 and 2005." We purposefully define university entrepreneurship
broadly in order to include any entrepreneurial activity in which a university could be involved, including,
but not limited to: patenting, licensing, technology transfer, incubators, science parks, new firm creation,
and regional development.

We attempt to make the following contributions: first, we conduct an unusually comprehensive
review of the burgeoning literature in the field of university entrepreneurship. The assessment and
synthesis should make this field of research more accessible to scholars, contributing to its diffusion
among the scientific community. Second, we provide a detailed assessment of the state of the field.
Third, we derive a conceptual framework containing four major research streams that have emerged over
the last decade: (1) entrepreneurial research university, (2) productivity of technology transfer offices
(TTOs), (3) new firm creation, and (4) environmental context including networks of innovation. Finally,
we provide some directions for future research through which we hope to increase the number of scholars
who will participate in the growing research on university entrepreneurship. The potential avenues for
future research that we highlight are a result of the framework we derive from synthesizing the four major

research streams identified.

2. Methodology

To develop a comprehensive overview and framework of the research patterns on university
entrepreneurship over time, we applied a three stage exploration process. For initial access to the
literature, we began by studying a recently edited volume on university entrepreneurship (Siegel, 2006).
By collecting some of the more influential papers in the field previously published in a diverse set of
academic journals, Siegel’s volume provides an immediate and accessible entry into the literature on
university entrepreneurship. Next, we studied all special issues published on topics related to university
entrepreneurship. The search yielded twelve special issues, which we detail chronologically in Table 1.

Insert Table 1 here

We then attempted to sketch the development of the field over time by tracking all relevant

articles referred to by any of the articles analyzed in stage one. To avoid a reference bias, we used

electronic reference retrieval services like Proquest’s ABI/Inform to run keyword queries to identify all

! To be included in the analysis, the research must have appeared in a scholarly journal by the end of 2005.
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articles published pertaining to the broadly defined topic on entrepreneurial activity at universities.” We
ended our literature search when we reached saturation: all references we encountered led back to articles
already included in our database.

Finally, we read and analyzed each article to create a detailed database in which we coded the
following data: (1) author name(s), (2) article title, (3) year published, (4) journal of publication, (5)
research question(s), (6) findings, (7) data used, (8) dependent variable(s), (9) independent variables, (10)
research methods, and (11) whether published in a special issue or not. The resulting data revealed the
patterns that we discuss in Section 3 immediately below.

With a fresh comprehensive perspective on the field of university entrepreneurship, we then
revisited all articles in an attempt to answer our initial question: how has the field developed over time,
what patterns can be recognized, and what might the future hold? This discussion takes place in

Section 4.

3. Results

Our extensive search efforts reveal that a total of 146 articles, focusing on some aspect of
university entrepreneurship, have been published in various academic journals between 1981 and 2005.
The U.S. Bayh-Dole Act of 1980 and its European counterparts, which encouraged universities to patent
inventions funded by federal agencies, marked the beginning of notably greater technology transfer from
universities to industries and led to a corresponding rise in the growth of the scholarly literature on
university entrepreneurship, especially in the U.S. and U.K. Figure 1 provides a time trend of these
publications. Despite the 25 year time span, it is clear that the vast majority of articles were published in
more recent years. Indeed, a structural break appears in the trend data after the research output on
university entrepreneurship takes off considerably in the late 1990s. The increasing volume of studies on
this topic corresponds with the increasing levels of entrepreneurship in universities around the world.
Both a technology pull and a technology push can explain this phenomenon. The increase in university
entrepreneurship can be attributed in part due to industry’s growing demand for technological innovation

in recent decades. Here, universities are recognized as one of the key sources for innovation (von Hippel,

2 Keyword combinations or variations thereof include, but are not limited to, “university” and “entrepreneur,”
“academia” or “academic” and “entrepreneur,” “technology transfer,” “technology transfer office,” “technology
licensing” and “university,” “spin-off” or “spin-out” and “university,” “science park” and “incubator,” “incubator”
and “university,” and so on.

LTS I
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1988), especially in the context of innovations such as biotechnology ([146])® or nanotechnology (Darby
and Zucker, 2003). Conversely, a technology push is also in effect as universities more proactively
transfer technologies to industry, in part owing to reduced public funding for research ([134]).

Insert Figure 1 about here

The exponential increase in the number of research articles published since 2000 is a direct result
of several special issues devoted to university entrepreneurship. In the six-year time period between 2000
and 2005, a total of 105 articles were published, of which 52 (36%) were published in one of the twelve
recently edited special issues listed in Table 1. Our analysis shows that the take-off in the late 1990s
accompanied the appearance of the first special issue focusing on university entrepreneurship (Journal of
Technology Transfer, 2001). The number of publications in special issues exceeded those in regular
issues in every year since 2001, with the exception of the year 2003.

The editors listed in Table 1 deserve acknowledgment for undertaking an important trail-blazing
activity. Their pioneering efforts have enabled research on university entrepreneurship to take off in the
last decade, and to become a rapidly increasing and vibrant area for research spanning multiple
disciplines. A cursory look at the social science citation index (SSCI) indicates that research on
university entrepreneurship appears to be moving at a faster rate in terms of citations garnered from
mainstream journals than strategy research and other entrepreneurship research have historically,
controlling for the stage of the development.

Where is all this research published? Is it published predominantly in special issues or does it
find its way into regular issues? Is it concentrated in a few journals or is it spread across a wide range of
different journals? Does it appear in mainstream journals or more in specialty journals, and are they the
most respected journals in each discipline? Figure 2 depicts the overall contribution of special issues to
the rise of publications in this research stream, while Figure 3 depicts the number of articles published in
regular and special issues of all the journals included in the study.

Insert Figures 2 and 3 about here

® For the sake of brevity, all 146 articles included in the analysis are numbered chronologically based on their
alphabetical order in the reference section below, e.g., the number [146] identifies the Zucker, Darby, and Brewer
(1998) article. Other works referenced, but not included in the literature analysis, are cited by authors and year in
the body of the article, e.g., Kuhn (1962), and are identified with an asterisk (*) in the reference section.
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The 146 articles were published in a total of 26 academic journals. The distribution among the
journals is, however, quite skewed. Taking at least five papers published as a cut-off point, we are left
with only eight journals. This group constitutes 31% of the journal population but published 83% of all
output (121 articles). Among the top eight publishing journals, five of them (63%) published at least one
special issue. Taking at least ten papers published as a cut-off point, we are left with five journals, and
the distribution becomes even more skewed. These five journals make up only 19% of the journal
population but published 72% of all articles (105). Research Policy published the most articles (37 or
25%) followed by the Journal of Technology Transfer (23 articles or 16%), Technovation (18 articles or
12%), the Journal of Business Venturing (15 articles or 10%) in fourth place, and Management Science
(12 articles or 8%) coming in fifth.

It is noteworthy, however, that the top-publishing journals vary significantly in their ratio of
special issues to total number of publications. For example, none of the contributions in Technovation
were published in a special issue. In contrast, all of the contributions in the International Journal of
Industrial Organizations were published in the November 2003 Special Issue on Economics of
Intellectual Property at Universities. The other ratios of special issue articles to total number of articles
in a journal are: 92% for Management Science, 65% for the Journal of Technology Transfer, 43% for
Research Policy, and 33% for the Journal of Business Venturing.

All journals, with the exception of Management Science, can be considered specialty or niche
journals to some extent. While clearly reputable scholarly outlets, they are generally not considered
premier journals at the leading research universities.* Management Science’s inclusion as a top-
publishing journal must also be qualified by the fact that it is driven by the special issue on University

Entrepreneurship and Technology Transfer published in January 2002. Notable here is the absence of

* Perceptions of journal prestige may differ from actual impact factors. In particular, this affects one journal listed in
Figure 3, the Journal of Business Venturing (JBV). While most leading business schools do not accept the JBV as a
premier publication, it is ranked 9™ in the 2005 journal ranking of the Social Science Citation Index [see ISI’s Web
of Science] in the category “business.” JBV’s impact factor, which is defined as the average number of times
articles from the journal published in the past two years have been cited in 2005, is 1.846. This impact factor, for
example, is merely 0.051 less than that of the number 8" ranked journal (Strategic Management Journal), and only
0.354 less than that of the number 6" ranked journal (Academy of Management Journal), both of which are
generally considered premier publication outlets in leading business schools.
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leading discipline journals in economics, sociology, psychology, and political science, as well as leading
journals in engineering, management, organization theory, and strategy.’

Close examination of both Figures 2 and 3 reveals that while there has clearly been an explosion
of research output in recent years, most of this research has appeared outside of general management
journals, thus limiting the impact of this scholarship as well as its impact on managerial practice. Asa
case in point, none of the publications included in this analysis have appeared in the leading management
journal (Academy of Management Journal) or the leading strategy journal (Strategic Management
Journal).®

Several reasons can be advanced to explain this finding. Applying a life-cycle model to the
development of academic areas of inquiry, the field of university entrepreneurship is currently in the
embryonic development stage. Prior to the passage of the Bayh-Dole Act in 1980, the phenomenon was
basically non-existent. Moreover, it was not until the late 1990s that the research really took off (see
Figure 1). That the majority of articles on university entrepreneurship have been published in specialty or
niche journals can be expected given the nascent nature of university entrepreneurship.

Kuhn’s (1962) framework of how new scientific fields of inquiry emerge also complements this
observation. New research areas first appear on the fringes of existing paradigms, as reflected in the type
of outlets chosen for this research. It is only after the gatekeepers of the mainstream journals are
convinced of the validity of a new field of inquiry, or are replaced by new gatekeepers, that this type of
research will appear in more prestigious journals. In fact, more often than not, a new research field will
spawn a set of new journals to create outlets for the newly emerging scholarly research, and these in turn
eventually move up in the prestige ranking of journals.

For example, early notions of strategy date back to the work discussed in monographs by Penrose
(1959), Chandler (1962), and Ansoff (1965), among other strategy pioneers. Yet it was not until the 1980
founding of the Strategic Management Journal (SMJ) that academic research on strategy found its
primary scholarly outlet. Subsequently, this journal transformed from a niche journal into a premier

journal. The birth of the SMJ coincided with Porter’s (1980) seminal monograph on competitive strategy,

® Exceptions are each one article published in the American Economic Review [52], the IEEE Transactions on
Engineering Management [25], and the Administrative Science Quarterly [73].

® In 2006, Agrawal published an article related to university entrepreneurship in the Strategic Management Journal.
Since our analysis ends by necessity in 2005, we did not include the Agrawal article or any other article published in
2006 in our analysis.
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which provided an important paradigm for strategy research; in turn, the paradigm facilitated the pursuit
of normal science (Kuhn, 1962), leading to an explosion of empirical research in strategy. Similarly, the
Journal of Business Venturing was created as an outlet for entrepreneurship research, while the Journal of
Technology Transfer was created especially as an outlet for research on technology transfer and
innovation.

For these reasons, the general absence of university entrepreneurship research from the most
prestigious journals may be explained by its embryonic stage in the life cycle of academic fields (Kuhn,
1962), where a 25-year history is considered a very short time when compared with, for example, the 50-
year history of strategy or the more than 225-year history of economics. In addition, neither the broader
field of entrepreneurship nor the more specialized area of university entrepreneurship possesses a
dominant theoretical paradigm on which empirical research can coalesce. Indeed, these fields of inquiry
have been described as being in a “chaotic pre-paradigmatic state of development” (Aldrich and Baker,
1997: 396).

Whether research on university entrepreneurship will appear more frequently in mainstream
management journals in the future remains an open question. Clearly, research on entrepreneurship, in
which university entrepreneurship is embedded, is a topic that is of interest to the most prestigious
journals. For example, Evans and Jovanovic’s (1989) article on entrepreneurial choice has appeared in
the Journal of Political Economy, while Lerner’s (1995) article on venture capitalists and private firms
has appeared in the Journal of Finance. Not only has this entrepreneurship research been published in
some of the field’s most selective journals, it has also been highly cited, indicative of a high impact. In
regard to management journals, the Academy of Management Journal (AMJ) recently published a “From
the Editors” forum (Ireland, Reutzel, and Webb, 2005), in which they document the fact that AMJ has
been publishing a significant number of articles pertaining to entrepreneurship, especially since the mid-
1990s. Yet by the same token, progress in entrepreneurship research has been limited, as documented by
Busenitz et al. (2003: 237), who recently concluded that “no powerful unifying paradigm exists, nor do
multiple coherent points of view. Entrepreneurship studies tend to be less sophisticated in sampling
frames, hypotheses development, statistical analysis, and dynamic longitudinal analysis than are

organizational studies in more established disciplines.”
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It is important to note that research on university entrepreneurship is, while an important and
clearly relevant topic, a specialty within the broader entrepreneurship research community. Hence,
current research on university entrepreneurship has addressed issues primarily from the perspectives of a
small group of stakeholders, i.e., university administrators, university faculty, and the relatively small
number of firms that frequently source university technology. Moreover, the research topics have been
technical in nature, since they frequently involve legal (e.g., intellectual property) issues. For these
reasons, university entrepreneurship has to date been more the domain of public policy researchers rather
than management scholars. It is only fairly recently that the phenomenon of university entrepreneurship
has gained traction among more traditional entrepreneurship and strategy researchers.

Another possible explanation for why research on university entrepreneurship has not appeared in
mainstream management journals is that these journals tend to emphasize theory building and theory
testing, while most studies on university entrepreneurship tend to be more qualitative in nature, and thus
offer less on the “how” and “why” aspects of a theory. Moreover, it is not entirely clear as to whether
management theories can be easily exported and retrofitted to study the domain of university
entrepreneurship. Finally, the lack of availability of systematic, longitudinal data that is needed to
produce studies that are considered for premier journals poses another roadblock; for example, there is no
equivalent to Compustat data in entrepreneurship research.

The next question that we approached was: who published the existing articles? To answer this
question, we focused on a simple count of the number of articles authored or co-authored by each
participating scholar. We are well aware that several methods to adjust these simple counts are possible:
by citations, by article length, by journal quality, by the number of co-authors (on average there are 1.43
authors per article), etc. We decided against employing a performance metric adjusted by citations
received due to the recency of the articles; since the median publication date was 2003, employing this
metric would have been pre-mature. In addition, adjusting paper counts by the length of journal space
devoted to each article would require normalization along several dimensions, including the quality of the
journal and the length of the average article published. This undertaking would have been complicated
not only because the 146 articles were published in a total 26 different academic journals, but also
because of significantly different publication norms across the several academic disciplines represented in

this research. In addition, one might need to make an adjustment for publications in special versus
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regular journal issues. While we are fully aware of the shortcomings of the metric employed herein, we
rely on simple counts as a first approximation of individual research productivity.” A total of 209
scholars participated in the publication of the 146 articles included, of which 61 (29%) each authored or
co-authored a minimum of two articles. These leading scholars published 80 (55%) articles altogether.
The distribution of published papers among the 61 leading authors is depicted in Figure 4.

Insert Figure 4 about here

We then turned to research methods, depicted in Figure 5. Given the field’s early stage of
development, in combination with the difficulty of obtaining fine-grained (dynamic) data to capture
different phenomena of interest, it is no surprise that more than one-half of all studies (78 articles or 53%)
relied on qualitative methods like case studies, while 40 percent (59 articles) relied on econometric
analysis based on quantitative data. Comparing the entire period spanning university entrepreneurship
literature (1981-2000 as early stage® and 2001-2005) to the pooled publication period of the Strategic
Management Journal (1980-1985 as early stage and 2000-2005), we cannot reject a similarity between
two fields: in their early stages both had more qualitative than quantitative studies, while the trend was
reversed in more recent stages (p = 0.21). The relatively large number of qualitative studies can therefore
be attributed to the field’s early stage of development. This progression is one that appears to hold across
different fields of study.

Given the fairly early developmental stage of university entrepreneurship research, one may have
expected a greater percentage of qualitative studies due to the fact that theory development, either
inductive or deductive, generally precedes empirical testing and validation in a new field of inquiry. The
relatively high percentage of quantitative studies in recent years may be explained because scholars rely
on theories and frameworks drawn from neighboring disciplines like economics, sociology, or
management, which allow for deductively derived hypotheses to be tested, thus circumventing the need
for developing new theory specifically for the realm of university entrepreneurship. This in turn lowers
the entry barrier into the field for scholars trained in the more traditional disciplines. The availability of

guantitative data such as the now popular survey of the Association of University Technology Managers

" As the field of university entrepreneurship progresses, future research is invited to provide a more fine-grained
analysis of productivity by and impact of individual scholars.

& We chose the year 2000 as a cut-off year, because there was a structural break in the number of studies published
(see Figures 1 and 2). Only 41 articles (28%) we published before and including 2000, while 105 (72%) were
published between 2001 and 2005.
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(AUTM), patent data form the U.S. Patent and Trademark Office (U.S. PTO), or data from the European
Patent Office (EPO) may further explain the relatively large number of quantitative studies.

Please note that the first study using the AUTM survey data ([132]) did not appear, however,
until 2001. Thus, the relatively high percentage of quantitative studies is a rather recent phenomenon, as
the proportion of quantitative studies was lower prior to 2001 (only 17%). Indeed, a comparative t-test
reveals that the number of quantitative studies was significantly larger (p < 0.05) from 2001-2005 than
before 2000.

As a field develops beyond the embryonic stage, researchers tend to shift from more qualitative
studies to more quantitative ones, a pattern consistent with the one observed in mainstream management
journals. A cursory inquiry into two major management journals also reveals an increase in the adoption
of quantitative methods in fields in later stages of development, where the proportion of qualitative
studies decreased correspondingly. During an early period of the Strategic Management Journal (1980-
1985), for example, there were more qualitative (41%) than quantitative (22%) studies published (the
remaining 37% were mainly studies without any data analysis, such as theoretical treatments and
commentaries). During a more recent period (2000-2005), we see a significantly higher amount of
guantitative (75%) studies than qualitative ones (11%). Similarly, in the publication span of the Academy
of Management Journal over the last 25 years, the proportional difference between qualitative and
quantitative studies widens over time. Between 1980 and 1985 in the Academy of Management Journal,
32% of qualitative studies versus 66% of quantitative studies were published. During a more recent
period (2000-2005), we see many more quantitative (79%) than qualitative studies (12%). In the case of
both journals, the differences are statistically significant (p < 0.01).

While we witness a significant increase in quantitative studies pertaining to entrepreneurial
activities at research universities, we also note a recent increase in the number of qualitative studies. The
increase can be explained by the fact that we do not limit the set of journals that we include in our
analysis. The surge in both quantitative and qualitative studies (see Figure 6) correlates with the recent
explosion of research output noted in the field overall (see Figure 1).

Insert Figures 5 and 6 about here
Although the body of qualitative studies appears to grow slower in comparison to the number of

guantitative studies (Figure 6), it does provide a contribution to the advancement of the field, as well as to

10
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the growing body of knowledge. For instance, the set of qualitative studies describes the drivers of
entrepreneurial activities at the individual level ([98]) and at the university level ([58], [87], [106]),
demonstrates how a traditional university transitions into a more entrepreneurial university ([30], [50]),
identifies the barriers in the university commercialization process ([2], [18], [33], [49], [124]), discusses
factors that may facilitate the process, and attempts to identify ways to make universities more
entrepreneurial ([23], [49], [124], [118], [125]). These qualitative studies also identify various
commercialization options ([5], [60]), explain why different stakeholders care about technology transfer
from universities to industries ([7]), discuss the consequences or effects of entrepreneurial activities at
universities ([14], [29], [37], [105], [140]), and speculate about the future of entrepreneurial universities
([32], [42]).

Because most qualitative studies are guided by exploratory questions (e.g., how a phenomenon
emerges, what factors are involved, etc.), they usually do not have dependent variables. On the other
hand, those qualitative studies with dependent variables tend to have a strong deductive logic directing
their interviews or case studies ([8], [16], [71]). Bercovitz et al. ([8]), for example, deduce their logic
from organizational theory prior to testing the implications of TTO structure on its productivity.

Very few theory-only papers (2 or 3%) or literature reviews (4 or 6%) have been published. Itis
important to note that the few prior literature reviews focused on one specific topic like incubators or
science parks ([104], [127]), rather than providing a comprehensive synthesis of the literature on
university entrepreneurship.

When focusing on the unit of analysis on which the research was based, we found that in most
articles the unit of analysis was the university (74 articles or 52%). This result confirms our speculation
that the major stakeholders of this research are policy makers and university administrators, who are
concerned about the future of the research university. Questions at the forefront of their concerns include
whether universities should become more entrepreneurial, engage more in applied research, and so on. At
the university-level of analysis, the most commonly used data sources were direct surveys and interviews
with university administrators, faculty, and technology transfer officers (29 studies or 39%), followed by
patent databases (U.S. PTO and EPO) (11 studies or 15%), and survey data from the Association of

University Technology Managers (10 studies or 14%).

11
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The next largest segment of studies used the firm-level as their unit of analysis (34 articles or
23%), followed by the individual-level of analysis (15 studies or 10%). The most prevalent data sources
in firm-level studies were direct interviews with informants in the selected firms (10 studies or 29%). At
the individual-level of analysis, interviews were also the most common source of information (5 studies
or 33%). Fewer studies focused on incubators/science parks (12 studies or 8%), technology transfer
offices (6 studies or 4%), or the region (5 studies or 3%). While most studies have traditionally chosen
the university or firm as their unit of analysis, the late 1990s marked a drastic rise in these studies, making
the university or firm the preferred unit of analysis, marked by an increasing interest of firms in their
relationships with universities, and vice verse. These data are depicted in Figure 7, while Figure 8 shows
the time trend of unit-of-analysis applied during the 1981-2005 period.

Insert Figures 7 and 8 about here

What are the perspectives taken in theses articles? Are they U.S.-centric or do they have more of
an international focus? It is interesting to note that almost one half (67 studies or 46%) of all 146 articles
included in this literature review study university entrepreneurship outside of the U.S. However, the
international studies are set predominantly in European countries, mainly in the U.K. and Sweden; very
few studies are based in Asian or Latin American countries. Non-U.S. countries included in the 67
internationally focused articles are, in order of frequency: U.K. (24), Sweden (12), Belgium (10), Italy
(5), Japan (4), The Netherlands (4), Canada (3), Germany (3), Ireland (3), Norway (3), Finland (2), France
(2), Israel (2), Spain (2), Australia (1), Denmark (1), Hungary (1), Korea (1), Latin American countries
(1), Portugal (1), and Switzerland (1).°

Finally, what are the common themes among the 146 articles? Based on our detailed content
analysis, the following taxonomy of the literature, representing four research streams, emerged: (1)
entrepreneurial research university (70 articles or 48%), (2) new firm creation (38 articles or 26%), (3)
environmental context including networks of innovation (25 articles or 17%), and (4) productivity of
technology transfer offices (13 articles or 9%). The overall ratios of the four different research streams
are depicted in Figure 9, while Figure 10 depicts the number of articles published in each research stream

over time. The rise in the overall number of articles published since the late 1990s (see Figure 1) can

° Please note that some articles are studying university entrepreneurship in more than one country.
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mainly be attributed to the first two streams: entrepreneurial research university and new firm creation.
Most of the researchers to date take a relatively macro view of the phenomenon, reflecting the prevalence
of scholars trained in economics, sociology, and strategy. Researchers trained in more micro disciplines
like psychology are likely to come aboard once individual-level datasets on research scientists, for
example, are created and made available.
Insert Figures 9 and 10 about here

More insights emerge when we analyze the research methods employed in each literature stream.
The results, depicted in Figure 11, reveal significant variance in the chosen research methods among the
four areas. Quantitative regression methods are most often used when studying the productivity of
technology transfer offices (69%), followed by studies on the entrepreneurial research university (41%),
and environmental factors and networks of innovation (36%). On the other hand, the most commonly
used methods to study new firm creation are qualitative, case-based methods (66%). The choice of
methods appears to be not only a reflection of the underlying research questions, but also conditioned
upon the availability of appropriate data. The challenge of obtaining fine-grained, preferably longitudinal
data, therefore, appears to be greatest at the firm-level of analysis. As discussed previously, this lack of
high-quality firm-level data constitutes a significant entry barrier into the premier management and

strategy journals.
Insert Figure 11 about here

When applying the description, categorization, and theory development commonly observed in
the evolution of research fields (Christensen, Carlile, and Sundahl, 2002; Kuhn, 1962; Sutton and Staw,
1995), we find that 92 articles (63%) describe the phenomena, 12 articles (8%) offer some kind of
categorization, and 42 articles (29%) theorize about underlying relationships. The large number of
articles focusing on the description of the university entrepreneurship phenomena is indicative of a highly
fragmented field in the early stages of development. This is also echoed in the small number of
categorization attempts, which can bring more focus to the research on university entrepreneurship.

We also assess what theoretical lenses, if any, are applied in these articles. Not surprisingly for
an emerging field, we find that the vast majority of the articles (71% or 104 articles) are more or less
atheoretical, focusing mainly on the description of the phenomena and/or testing casually observed

relationships without invoking any deductive logic. Most of the articles highlight specific knowledge
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characteristics (e.g., tacit vs. explicit), and how different types of knowledge affect the technology
transfer process. Of the 42 articles (29%) that use some kind of a theoretical lens, the most common
lenses are derived from sociology (11 articles or 26%), using predominantly network theory, and from
strategic management, applying the resource-based view of the firm (9 articles or 21%).

In summary, two important observations are noteworthy. First, the vast majority of research on
university entrepreneurship is atheoretical, indicative of a field in the embryonic stage of development.
Second, all articles published using some kind of theoretical lens were published post 1998, with 31 of
these articles (74%) published since 2001. This latter observation is heartening, as the field clearly
appears to be moving toward more theory-driven research, a trend that is reflective of the field’s

increasing maturity.

4. Discussion

Research on university entrepreneurship is clearly burgeoning, yet it remains a fragmented field.
Currently, no literature review exists that specifically focuses on university entrepreneurship and provides
an overarching framework to encompass the different pieces making up university entrepreneurship (e.qg.,
technology transfer, university licensing, science parks, incubators, university spin-offs, TTOs, etc.). The
development of such a framework is a worthwhile exercise because a field cannot advance to a stage of
theory building without an agreed-upon categorization scheme (Christensen et al., 2002). This literature
review and the resulting framework will also serve to make the field of university entrepreneurship more
accessible to novices, which in turn should enhance its diffusion and impact. In addition, the framework
presented herein acnknowledges how each scholar’s contribution is related to the overall contribution of
the other scholars in the field, further enhancing the process of theory building.

The four research areas that emerged from a detailed analysis of the 146 articles [(1)
entrepreneurial research university, (2) productivity of technology transfer offices, (3) new firm creation,
and (3) environmental context including networks of innovation], capture the major research streams on
university entrepreneurship and the trends within each stream over the last two decades (see Figures 9 and
10). More importantly, the integration and interaction of the four streams mirror the dynamic and

evolutionary process of the university innovation system. The connections between the four interrelated
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and complementary streams are illustrated in the conceptual framework that emerged from this study, as
depicted in Figure 12.
Insert Figure 12 about here

In the heart of the overall university innovation system lies the “entrepreneurial university” that
generates technology advances and facilitates the technology diffusion process through intermediaries
such as technology transfer offices and the creation of incubators or science parks that spawn new firms.
Increasingly engaging in interactions with industry, the core of the university system expands to include
activities outside the ivory tower with the goal of transforming inventions into innovations for the
betterment of society and to enhance the university system’s cash flow and endowments. This is the area
where we have seen an increasing number of commercialization activities in (as well as a corresponding
number of studies focusing on) licensing, new venture creations, and the like, mostly facilitated through
technology transfer offices and other network mechanisms (e.g., incubators and science parks). At the
same time, universities are embedded in a larger environmental context including networks of innovation.
Feedback from the external environment, including policy decisions, continuously influences the way the
universities participate in entrepreneurial activities. In recent years, policy and culture have also shifted
to become more favorable toward university entrepreneurship. As the scope of an entrepreneurial
university expands, the core of the system self-organizes in order to renew and transform its mission, and
moves toward embracing an economic development mandate. In turn, interactions both within the
university system itself and between the system and industry continue to renew the role of the university
system, affect significant societal influences from academia to society, and vice versa, as captured by the
feedback loops in Figure 12.

It is noteworthy that a few existing studies focus on the intersection of elements within our
framework (Figure 12): between the university system and TTOs (e.g., [8], [54], [126]), between the
university system and new firms ([26], [70], [71]), between TTOs and new firms (e.g., [62], [124], [125]),
and between new firms and their external network ([e.g., [53], [94], [95], [114]). Eliminating the barriers
within innovation systems requires further studies of how to effectively facilitate the technology transfer
process and what the key resources and capabilities that reduce these barriers are. For instance,
conflicting opinions over the university system’s mission have been consistently identified across the four

streams as a key barrier to university entrepreneurship. This issue has not been studied in the necessary
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depth, such as exploring how universities should redesign their mandates to effectively manage
technology transfer involving TTOs, new firm creations, and linkages with external innovation networks.
We discuss each of the research streams that emerged in greater detail below, highlighting not only

contrasting findings within each stream, but also avenues for future research.

4.1 Entrepreneurial University

The research stream on the entrepreneurial university views entrepreneurial activity as a step in
the natural evolution of a university system that emphasizes economic development in addition to the
more traditional mandates of education and research. Consequently, most of the articles in this research
stream attempt to reveal organizational designs of universities that inhibit or enhance the
commercialization of university inventions. Studies have revolved around incentive systems, university
status, location, culture, intermediary agents, focus, experience, and defined role and identity. In addition
to organizational design, other studies focus on the characteristics and roles of faculty and the nature of
the technology to be commercialized. Table 2 depicts the studies pertaining to the entrepreneurial
university.'

Insert Table 2 about here

While the above-mentioned factors comprise internal elements of an entrepreneurial university,
scholars have also recognized that the process of university entrepreneurship is influenced by external
factors ([30]), most notably federal laws and policies like the Bayh-Dole Act in the U.S. ([87], [50]), the
surrounding industry ([44]), and regional conditions ([38]).

In this stream, entrepreneurial activities are measured in various ways: existence of a formal
program, cooperation agreements, research support, licensing, marketing activities, quality of commercial
output (licenses, patents), involvement in research joint ventures, existence of incubators and science
parks, etc. Figure 13 illustrates a conceptual overview of this research stream, with representative articles
that focus on certain key aspects detailed in the boxes below the figure.

Insert Figure 13 about here
Overall, scholars in the entrepreneurial university research stream attempt to answer important

guestions, such as: why are some universities more entrepreneurial than others? ([21], [30], [38], [47],

1% While some articles clearly span multiple themes, we categorized each article based on its dominant theme in one
research stream only to avoid overlap.
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[49], [50], [98], [124], [125]); what are the barriers to universities becoming more entrepreneurial? ([2],
[18], [33], [49], [109], [124],[125], [136]); how can universities be more successful in entrepreneurial
activities? ([38], [41], [60], [99], [106], [118], [135]); and how do entrepreneurial universities relate to
entities outside the ivory tower? ([7], [17], [44], [45], [69], [76], [86], [87], [91], [119], [122], [136],
[140]). There is no smooth path for any paradigm change (Kuhn, 1962); the shift of the university system
from an ivory tower focusing on (basic) research and teaching into a collective entrepreneurial source of
technology is no exception. The paradigm shift calls for facilitation from inside the system to accelerate
technology diffusion ([31]). Not surprisingly, many scholars are attempting to resolve the conflicts that
arise as universities become more entrepreneurial ([23], [25], [52]), joining the debates pertaining to the
evolution of the traditional university mission ([32], [42], [44], [61], [74], [105], [125], [137]), and
offering suggestions on how to address these issues ([58], [113]). For instance, the types of barriers that
universities face appear to follow different patterns contingent on the social context. In Western
countries, the major obstacles lie in the internal or external parties’ adherence to the university’s historic
commitment to the intellectual commons ([2], [33]), while in Eastern countries like Japan the obstacle
appears to be the lack of complementary and intermediary institutions that can facilitate entrepreneurial
activities ([18]).

The question of how to make a university more entrepreneurial can be addressed on two levels.
First, in the absence of strong conflicts between supporting traditional and entrepreneurial roles, scholars
have suggested a diverse set of strategies, such as offering greater incentives for faculty’s involvement in
entrepreneurial activities ([38], [49], [52]), or adopting a decentralized management or a business-like
style in the process of technology transfer ([23], [25]). In European countries, the transparent regulation
of ownership titles and property rights is a priority ([23]), while in Japan the establishment of
intermediary institutions seems necessary before the field can progress ([18]). Second, in regard to the
pronounced conflicts surrounding a university’s role, the debate here is far more complicated and less
examined. In this context, transforming a university to be more entrepreneurial requires not only changes
in organizational infrastructure but also the adaptation of the university’s culture and mission ([50]) itself.

Entrepreneurial activities have the potential to affect the university system’s mission and its
traditional focus on academic governance by faculty. Some scholars suggest that a more entrepreneurial

university drives more applied and problem-solving research, results in more secretive behaviors among
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faculties, aggravates the conflict between advancing knowledge and generating revenues, and thus
interrupts or even threatens academic freedom ([44], [61], [74], [105]). In contrast, other scholars find no
empirical evidence that the shift toward more applied research occurs at the expense of basic research
([137]). An evolution of the university mission is advocated accordingly: universities need to be
entrepreneurial if they are to fulfill and sustain their role and purpose in society, which is to foster
creativity and responsiveness to change in cultural, ethical, scientific, technological, and economic
dimensions ([42]).

Scholars have also attempted to reconcile these opposing opinions by observing that the mission
of universities today requires a balance of both traditional and entrepreneurial roles ([32], [137]); and
suggesting that the two roles may actually complement and reinforce each other ([125]). According to
these scholars, this balancing act should follow a division of labor between universities and industry as
they each leverage their respective comparative advantages: universities are better at basic research, while
industry is better at developing and commercializing technology ([113]). This solution suggests that
although faculty may be involved in industrial activities, the university does not need to become an expert
in making commercial decisions. It follows, then, that a key challenge for university governance is to
support entrepreneurial activities without losing control over its academic mission or sacrificing academic
freedom. Some observers suggest that university governance should adopt an “umbrella strategy”
(Mintzberg and Waters, 1985); that is, the university should set general guidelines and boundaries of
behavior, and create the condition for innovation and strategy to emerge within its defined boundaries
([42]). A deeper understanding of these issues (i.e., the effectiveness of certain strategies, impact of
entrepreneurial activities on university governance, etc.), calls for more rigorous analysis, such as
longitudinal studies across different universities and different contexts.

We also identified other conflicting findings in this research stream, including the role of
incentive structures. Most studies recommend providing incentives and rewards directly to faculty to
encourage invention disclosures and commercialization activities ([52], [49], [38], [23]). It is argued that
providing incentives to faculty encourages an entrepreneurial culture within the university. This culture is
often needed because the commercialization of embryonic technologies from university laboratories to
industry generally requires further involvement from the inventing faculty ([52]). In contrast, a different

study finds that it is the reward to technology transfer personnel that is positively related to a university’s
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entrepreneurial activity ([78]). In light of these differing findings, we suggest controlling for the effect of
incentives on one group while studying the effect of incentives on the other, because some of the
conflicting results may be explained by unobserved heterogeneity. In addition, using a more
encompassing approach would help us to move beyond a focus on only one circle in the university
entrepreneurship framework, as depicted in Figure 12.

Another conflicting finding in this research stream centers on the effect of policies such as the
Bayh-Dole Act on university patenting activity. A positive effect was found in one empirical study
([87]), but not in a more recent study ([21]). Scholars have suggested decomposing the effect into two
dimensions — the entry and content effect of public policy on patenting activities ([89]). That is, public
policies like the Bayh-Dole Act may affect both the entry rate of universities involved in patenting, and
the content characteristics (e.g., applied or basic science) of the patents. Future studies may explore what
other factors drive patenting activities, and whether the incentives of key individuals (faculty and
technology transfer officers) mediate the relationship between external drivers and university patenting
activities. Some conflicting viewpoints that have been addressed in the line of university patenting
studies revolve around patent quality ([1], [21], [48], [88], [89], [116], [140]). Some scholars suggest that
patent quality increased after the Bayh-Dole Act ([89], [116]), while a previous study claimed that it
decreased ([48]). The change of the quality in university patents is important as it may affect firms’
technology sourcing decisions to license from universities, consumate acquisitions of and allying with
start-ups, or focus on internal new venturing.

Taken together, the line of research on university entrepreneurship can clearly benefit from a
more holistic systems perspective across different levels of analysis, rather than its current focus on
distinct subsystems, which is clearly a reflection of its fragmented and embryonic state. Current research
lacks a complexity in models or richness in data to understand the interdependent processes across many
different actors, agents, and institutions involved in university entrepreneurship. Thus, studies of
multilevel interactions across units of analysis attempting to explain university entrepreneurship appear to
be an important avenue for future study. Research efforts in this regard can aid us in moving beyond
understanding the individual pieces of the entrepreneurial university puzzle, and aid in a more holistic
understanding of this complex and multi-faceted process. Last but not least, studies on the results of

entrepreneurial activities and the effectiveness of university governance would benefit from going beyond
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the widely used case study method or history analysis (e.g., [23], [42], [113]), beyond the quantitative
analysis within the setting of a single university (e.g., [137]), and conducting longitudinal analyses using
samples that are more representative of the population studied. The results would be less idiosyncratic to

individual, often premier, research universities.

4.2. Productivity of Technology Transfer Offices

With the increasing entrepreneurial activities at universities, TTOs have been in the spotlight of
research, because they are often regarded as the formal gateway between the university and industry.
This research stream views university entrepreneurship as a function of the productivity of their
technology transfer offices. Most measures of entrepreneurial activities are focused around commercial
output, including university licensing (number of licenses, licensing revenue), equity positions,
coordination capacity (number of shared clients), information processing capacity (invention disclosures,
sponsored research), royalties, and patents (number of patents, efficiency in generating new patents).
Factors that have been identified to be important in explaining the productivity of technology transfer
offices include technology transfer offices’ systems, structure, and staffing, as well as the different
mechanisms of technology transfer, nature and stage of technology, faculty, university system, and
environmental factors. Table 3 describes the studies pertaining to the productivity and efficiency of
technology transfer offices, while Figure 14 provides a schematic overview of this research stream, with
representative articles that focus on certain key aspects in the boxes below the figure.

Insert Table 3 and Figure 14 about here

In examining the implications of TTO structure, scholars have found that the choice of
organizational structure influences TTO performance through the shaping of the flow of resources,
reporting relationships, degree of autonomy, incentives, and commercialization strategy (e.g., [8], [34],
[80]). For example, research reveals that TTO structure that creates financial independence from the
parent university encourages more equity than licensing agreements ([8], [34]). These studies provide
insight on how TTO structures and the attitudes of TTO officials play an important role in shaping both
formal and informal systems. For example, the process of choosing among various commercialization
strategies in a discriminating fashion is an internal procedure that has drawn considerable attention in

recent years ([9], [34], [121]).
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