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Science and the University: Challenges for
Future Research
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Abstract

Scientific research has played a critical role in the life of the university for a considerable
period of time, both in Europe and in the US. While much remains the same in the
relationship between science and the university, considerable change has occurred in
recent years. Here we outline three changes in this relationship, focusing both on the
consequences for the university and on questions of research interest to those interested
in higher education. The three changes are: (i) increased incentives to publish; (ii) changes
in the reward system and (iii) increased reliance by governments and communities on
universities and institutes as a source of economic growth. (JEL codes: 123)
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1 Increased incentives to publish

The incentive to publish in scientific journals has increased considerably in
recent years, both at the system level and at the individual level. Examples
of this are everywhere: the budgets of universities and departments in
certain countries depend heavily on publication and citation counts.
Funding for the research of individual scientists depends increasingly on
the publication track record of the scientist; in certain countries bonus
payments are made, based on publications.

By way of example, in the United Kingdom the ranking of departments
and the allocation of department funds, undertaken by the Research
Assessment Exercise, are based in part on publication and citation counts.
A somewhat similar system exists in Australia and an increasing share of
funding for Flemish universities is now based on research performance as
evaluated through publication and citations. In the Netherlands, publica-
tions and citation counts play a key role in determining the reputation of a
university, although they do not figure into the allocation of funds for the
university/department. At the individual level, publication and citations
play a key role in garnering research resources. For example, the
publication record of the scientist plays a key role in the evaluation of
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grant applications submitted to the National Institutes of Health in the
United States (NIH), with a $29 billion budget. Likewise, and by way of
example, the Flemish Science Foundation makes research awards to
applicants based in part on their reputation as established through
publication. Chinese researchers who place in the top half of colleagues in
terms of bibliometric measures can earn three to four times the salaries of
co-workers (Hicks 2007). Some Chinese institutes pay cash bonuses for
publishing in Science, Nature and Cell.

The increased emphasis on publication affects the publication strategies
of faculty, the level of competition at journals and the hiring strategy of
departments. Faculty arguably are paying more attention to where they
submit an article for publication, with whom they co-author and how they
carve the research up into publications—or what some would call “least
publishable unit” or LPU (Stephan and Levin 1992). An imminent life
scientist in the US recounted to us how his European co-authors
consistently aimed at the top journal Science, even when he felt the
research did not merit publication in Science. Although he understood the
incentive for aiming so high, he was frustrated by the lag this created
between completing the research and publishing the research.

The increased emphasis on publication (and publication at top journals)
has arguably increased the level of competition at journals and the
demand for new journals. While the latter is well documented, the
increased level of competition at journals, and how it relates to changing
incentives to publish, has not been addressed to the best of our knowledge
and invites investigation (see subsequently). A related consequence is that
the need for referees is growing. Journals (and funding agencies)
increasingly report a ‘‘shortage” of knowledgeable reviewers. Study
groups at NIH (where review occurs) have reduced the amount of time
they spend reviewing proposals in response to the demand from reviewers
to spend less time away from their labs.

A major news article in 2004 in the US (front page headline in the
New York Times) concerned the decline in article counts written by US
scientists and engineers (Broad 2004). More recently the National Science
Foundation (2007) has released a report showing how US output has fared
relative to other countries (Figure 1). Hicks (2007) and others have argued
that the decline relates to the changing incentive structure: US scientists
now face considerably more competition than in the past as incentives to
publish have grown outside the US.

Increased reliance on reputation for the awarding of grants and
department funds has also led to changes in hiring practices. The
market for stars (especially just before the evaluation of departments and
programs) is fierce—what one might call “‘just-in-time hiring”. Highly
cited scientists are routinely sought by universities and departments to
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Figure 1 S&E article output (fractional counts) of major S&E publishing
centers: 1988-2003. S&E =science and engineering, EU = European Union.
Notes: Article counts are on a fractional basis, i.e. for articles with collaborating
institutions from multiple publishing centers, each publishing center receives
fractional credit on the basis of the proportion of its participating institutions.
East Asia-4 includes China, Singapore, South Korea and Taiwan. China includes
Hong Kong

Source: National Science Foundation (2007, Figure 6)

enhance their funding chances (senior faculty with strong research records
have a high probability of bringing large grants, thus offsetting some of
the growing costs associated with research). Moreover, such offers often
are accompanied with sufficient flexibility to permit the researcher to
remain in the current position while accepting a position at the new
institution as well. Such strategies are not limited to the West. In recent
years China has sought “trophy” professors, allowing them to maintain
their full-time position overseas, while paying them handsomely for short
working stints in China (Normile 2006).

The emphasis on stars has consequences for newer cohorts of scientists.
In the US, for example, the age distribution of faculty is changing (see
Figure 2, for an example of the biomedical sciences). Universities are
hesitant to hire junior faculty, whose research records (and funding
records) have yet to be established. Instead, they prefer senior faculty with
strong research records. These same senior faculties rely on graduate
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Figure 2 Tenure track biomedical faculty by age

Source: Survey of Doctorate Recipients, NSF. The use of NSF data does not
imply NSF endorsement of the research methods or conclusions contained in this
report

students and postdocs and other “‘temporary’” workers to staff their
faculty research labs. Richard Freeman estimates that the ratio of
postdocs to tenured-faculty positions in the life sciences in the US grew
from 0.54 to 0.77 between 1987 and 1999 (a 43 percent increase) (Stephan
forthcoming). The increase in the number of postdoctoral positions is due
to both supply and demand factors. On the supply side, there is an
increased number of newly-awarded PhDs in the biomedical sciences. On
the demand side, these newly-minted PhDs have been experiencing
difficulty in finding tenure-track jobs as universities have reduced the ratio
of tenure-track positions to non-tenure track positions. At the same time,
the demand for postdoctoral positions has been augmented because of the
dramatic increase in funds available to hire postdoctoral students.!
The situation is not limited to the US. Schulze (forthcoming) shows that
the number of Habilitationen in Germany grew from approximately 1,300
in 1992 to 2,300 in 2004. In terms of Habilitationen per 100 professors, this
represents more than a 66 percent increase.

There is a need for systematic research into these observations. Research
questions include: (i) how the composition and number of submissions to
journals relates to changing incentives; (ii) how hiring patterns and
associated mobility of faculty have responded to changes in incentives;
(iii) the degree to which the distribution of university salaries has changed;
the (iv) the degree to which the market for ““dual positions™ has increased
and (v) the effects of these trends on the quality of research.

Stephan and Ma (2005) find a strong negative relationship between taking a postdoc
position after graduation and the demand for academic positions, as measured by the
percentage change in total current fund revenue for public institutions. Demand for
postdocs, especially in the life sciences, grew dramatically in the US between 1998 and
2003 when the NIH budget doubled.
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2 Change in the reward system for university scientists

The earnings profile of university scientists has traditionally been
relatively flat over the carecer. Ehrenberg (1991) for example, estimated
that the average salary of a full professor in the physical and life sciences
in the US was approximately 1.7 times that of an assistant professor. The
shape of the profile relates arguably to monitoring problems and the need
to compensate scientists for the risky nature of their work (Stephan
forthcoming). The flat shape of the profile is reinforced in countries where
scientists are civil-service employees.

In addition to the increase in salaries associated with increased
competition, scientists increasingly have opportunities to enhance their
earnings. They can do so by consulting with industry, by patenting and
receiving associated royalty payments, by starting-up companies, or by
serving on the advisory board of a start-up company. These changing
opportunities affect the shape of the earnings profile for those who
participate in these various forms of technology transfer. Given the highly
skewed nature of patenting and the even more highly skewed nature of
licensing and royalty revenues, these enhanced income effects are not
widely experienced by the average scientist. Yet, by increasing the amount
of inequality in the reward structure of science they arguably affect the
fabric of scientific collaboration as well as the satisfaction that average
scientists experience from their work.

Thursby and Thursby (2007), for example, find that 10.3 percent of US
faculty at top universities discloses an invention to their university. While
not all disclosures are patented, many are. The number of US patents
assigned to universities has increased by a factor of 2.6 during the past
10 years from 1993 to 2003 (National Science Board 2006, tables 5-28).
It is increasingly common for faculty to patent in Europe as well. While it
is more difficult to count patents attributed to European university faculty
(since more are assigned outside the university), the work of Lissoni et al.
(2007) suggests that the rate at which faculty are patenting in Europe is
not substantially different from that in the US.

Faculty receives royalty payments associated with these patents. While
the percent that faculty receives varies across university, the amount they
receive has definitely increased as royalty payments have grown. In the
US, for example, between 1993 and 2003 royalty payments received by
universities grew from $195 million to $867 million. In rare instances the
royalty stream produced by a patent is extraordinary. For example,
Emory University in July 2005 sold its royalty interests in emtricitabine,
also known as Emtriva®, and used in the treatment of HIV, to Giliad
Sciences, Inc. and Royalty Pharma. The University received $525 million
(US). The three Emory University scientists involved received
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approximately 40 percent of the sale price, reflecting the university policy
that was in place at the time (http://sec.edgar-online.com/2005/08/04/
0001193125-05-157811/Section7.asp).

Another way in which faculty can earn extra income and enhance wealth
is through involvement in a start-up company. The greatest rewards to
such involvement come when (and if) the company goes public. Sometimes
the rewards are of staggering proportions, at least on paper. A case in
point is Eric Brewer, a computer scientist at UC Berkeley, who was listed
on Fortune magazine’s list of the 40 richest Americans under 40 in October
1999 with a net worth of $800 million (US), a result of the role he played
in founding a company that went public in 1998 (Wilson 2000). Edwards,
Murray and Yu (2006) document that, in the event a biotechnology firm
makes an initial public offering, the median value of equities held by an
academic with formal ties to the company, based on the IPO’s closing
price, ranged from $3.4 million to $8.7 billion, depending upon the period
analyzed. The incidence of being on a scientific advisory board (SAB) is
non-trivial. Ding, Murray and Stewart (2006) identify 785 academic
scientists who are members of one or more SABs of companies that made
an initial public offering in biotechnology in the US. Stephan and
Everhart (1998) find 420 university scientists working with 52 biotech
firms that made an initial public offering in the early 1990s. Members of
such boards generally hold equity in the firm as well as receive annual
compensation for attendance at meetings.

Changes in the reward structure (and the competition associated with
such a change) arguably affect access to materials and information. Walsh,
Cho and Cohen (2007) find that 19 percent of material requests made by
their sample were denied. Competition among researchers played a major
role in refusal. The cost of providing the material also was important, as
well as whether the material in question was a drug or whether the
potential supplier had a history of commercial activity. Research by
Blumenthal and his colleagues (1997) suggests that faculty involvement
with companies can delay the speed with which faculty publishes and their
willingness to talk openly about their research. Heller and Eisenberg
(1998) argue that increased patenting by university faculty, and the
multiple property rights associated with such patents (sometimes in the
hundreds, as in the case of genes) can dampen research by requir-
ing researchers to bargain across multiple players to gain access to
foundational upstream discoveries.

There is also the question of whether the focus on patenting detracts
from publishing. While the presence of time in the production function for
knowledge suggests that patenting and publishing may be substitute
activities, there are good reasons to argue that complementarity is more
likely and that patents can be a logical outcome of research activity that is
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designed first and foremost with an eye to publication. The reasons for
complementarity are three-fold. First, the results of research, especially
research in Pasteur’s Quadrant, can often be both patented and published,
having a dual nature. Second, the increased opportunities that academic
researchers have to work with industry may enhance productivity and
encourage patenting. Third, the reward structure in academe encourages
patenting as one outcome of research.

A handful of studies in recent years have examined the relationship
of publishing to patenting (Agrawal and Henderson (2002); Carayol
(2007); Calderini, Franzoni and Vezzulli (2007) and Stephan et al. (2007).
While various methodological issues arise, such as endogeneity, most find
evidence that publishing and patenting are complementary rather than
substitute activities. Researchers have also examined the relationship
between patenting and publishing. Azoulay, Ding and Stuart (2006), for
example, examine the impact of patenting on the publication activity of
university researchers working in areas related to biotechnology and find
that patenting has a positive effect on publication. Markiewicz and
DeMinin (2004) also find patents to have a positive and significant effect
on publication production of university researchers in their sample of US
scientists, as do Breschi, Lissoni and Montobbio (2007) in a study of
Italian scientists.’

Changes in the reward structure and the competition associated with
such changes can also have consequences for students (Stephan 2001). On
the positive side, faculty involvement with industry can provide job
opportunities, create research opportunities and influence the curriculum.
But the changing nature of the reward structure can also have negative
effects on students. Conflict can arise between the faculty member and the
student concerning the attribution of credit for an invention. Faculty may
choose to allocate less time to students as they focus increasingly on
technology transfer. And peer learning can also be affected. There is
considerable evidence that students learn from students (Hoxby 2000;
Sacerdote 2001; Symons and Robertson 1996; Zimmerman 2003). Yet an
increased emphasis on patenting can discourage peer learning. A principal
investigator recounted to the author how he told an undergraduate
working in his lab that, for patent purposes, she should not identify
the compound they were working on. To which she reportedly replied:
“Oh, I know that. In the lab I worked in last summer we didn’t talk about
anything.”

2 Their research suggests that the positive effect is not due to patenting per se but to

advantages derived by having strong links with industry.
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Some of these consequences, such as access to information and cell lines,
have been investigated already. Other questions remain wide open for
investigation. These include changes in the shape of the earnings profile
when the definition of earnings is expanded to include royalty payments,
consulting fees, etc.; changes in the distribution of faculty earnings and the
degree to which the process of technology transfer affects peer learning.
There is also the issue, once again, as to how these trends affect the quality
of research and by way of extension the accumulation of scientific
knowledge.

3 Increased emphasis on universities as a source of growth

Considerable evidence exists that science is a source of economic growth
(Adams 1990). There is also considerable evidence that knowledge
spillovers are geographically bounded (Acs, Audretsch and Feldman
1992; Jaffe 1989). This has led governments and communities to invest in
universities and programs with the expectation that they will create more
Silicon Valleys and Route 128’s. For example, the news from Texas in
August of 2006 was that the state had decided to invest $2.5 billion for
science teaching and research in the University of Texas system. The
primary focus was to build the research capacity of San Antonio, El Paso
and Arlington (all cities in Texas) with the goal of turning these into the
next Austin. Texas is not alone. The University of California system
recently built a new campus at Merced. Many argue that a leading factor
in establishing the new campus was the desire to turn the San Joaquin
Valley into another Silicon Valley. Many states in the US possess biotech
initiatives as do many European countries. Initiatives are underway in
other areas. Singapore is one case in point.

The consequences of this increased emphasis are several: it augments the
competition for stars, discussed earlier and it can create excess capacity,
much like the situation where cities build sports arenas with the belief
that “if we build it they will come”. An emphasis on local economic
development also affects the technology transfer process. Belenzon and
Schankerman (2007) find, for example, that ““universities with strong local
development objectives generate about 30 percent less income per license™.
Belenzon and Schankerman also find that such universities are more
likely to license to local (in-state) startup companies. Perhaps most
importantly, the focus on economic development may ultimately affect the
university’s ability to garner resources in the future. If universities cannot
deliver the level of regional economic growth that the public anticipates,
especially within the time frame that states expect, the public’s enthusiasm
for supporting universities may diminish. Adams (1990) finds extremely
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long lags between research and economic growth, on the magnitude of
20-30 years.

Clearly we need more than anecdotal evidence regarding the local
growth story. Granted, the importance of proximity to knowledge sources
has been demonstrated in much of the work on spillovers. But this is a
long way from demonstrating a relationship between knowledge produc-
tion and local economic growth. There is a need to create systematic
longitudinal databases to track economic development associated with
local science initiatives. Questions to be analyzed include, but are not
limited to, the degree to which growth is “local” vs. national and inter-
national and the period of time required to realize benefits.

4 Conclusion

We have identified three changes occurring in the relationship between
science and the university. The three are: (i) increased incentives to
publish; (ii) changes in the nature of the reward system and (iii) an
increased reliance by governments and communities on universities as a
source of local and regional economic growth. These changes in turn have
led to changes in hiring practices, decreased opportunities for newer
cohorts to engage in research, especially research directed by themselves,
changes in the availability of materials and information used in research,
changes in the peer learning environment, changes in publication
practices, and increased expectations from the public regarding what the
university can contribute to economic development.

Much of our discussion concerning the consequences of these changes
has relied on anecdotal evidence. There is a need to systematically examine
the relationship between these changes and some of the outcomes dis-
cussed in this article. For example, we need to know (i) the degree to which
changing incentives affect submission behavior and referee behavior;
(i) how changing practices in compensation affect the shape of the
earnings profile and the distribution of earnings; (iii) the degree to which
faculty have become more mobile and the extent to which faculty,
especially star faculty, hold dual positions; (iv) the degree to which
“knowledge” initiatives create local economic development. Finally, and
most importantly, is the need to have a clear understanding of how the
three trends that we have chosen to focus on affect the quality of research
and hence the accumulation of scientific knowledge.

Changes in policy are most effective when they are accompanied by
research that evaluates and examines the effects of the policy. Such
evaluation and examination, alas, require the systematic collection of data.
A necessary step in answering these, as well as other questions is to begin
the systematic collection of data.

CESifo Economic Studies, 54, 2/2008 321



P.E. Stephan

References

Acs, Z., D. Audretsch and M. Feldman (1992), ““Real Effects of Academic
Research: Comment”, American Economic Review 82, 363-67.

Adams, J. (1990), “Fundamental Stocks of Knowledge and Productivity
Growth™, Journal of Political Economy 98, 673-702.

Agrawal, A. and R. Henderson (2002), “Putting Patents in Context:
Exploring Knowledge Transfer from MIT”, Management Science 48,
44-60.

Azoulay, P., W. Ding and T. Stuart (2006), “The Impact of Academic
Patenting on the Rate, Quality, and Direction of (Public) Research
Output”, NBER working paper No. 11917, Cambridge, MA.

Belenzon, S. and M. Schankerman (2007), “The Impact of Private
Ownership, Incentives and Local Development Objectives on University
Technology Transfer Performance”, Journal of Law and Economics
forthcoming.

Blumenthal, D., E.G. Campbell, M.S. Anderson et al. (1997),
“Withholding Research Results in Academic Life Science: Evidence
from a National Survey of Faculty”, Journal of the American Medical
Association 277(15), 1224-28.

Breschi, S., F. Lissoni and F. Montobbio (2007), “The Scientific
Productivity of Academic Inventors: New Evidence from Italian
Data”, Economics of Innovation and New Technology 16, 101-18.

Broad, W. (2004), “U.S. is Losing its Dominance in the Sciences,”
New York Times, May 3, p. Al.

Calderini, M., C. Franzoni and A. Vezulli (2007), “If Star Scientists Do
Not Patent: The Effect of Productivity, Basicness and Impact on the
Decision to Patent in the Academic World”, Research Policy, 36,
303-19.

Carayol, N. (2007), “Academic Incentives, Research Organization and
Patenting at a Large French University”, Economics of Innovation and
New Technology 16(1&2), 71-99.

Ding, W., F. Murray and T. Stuart (2006), ““Commercial Science: A New
Arena for Gender Stratification in Scientific Careers?”” Paper presented
at the 2006 annual meeting of the American Sociological Association,
Montreal, Quebec, Canada.

Edwards, M., F. Murray and R. Yu (2006), “Gold in the Ivory
Tower: Equity Rewards of Outlicensing”, Nature Biotechnology 24(5),
509-15.

322 CESifo Economic Studies, 54, 2/2008



Science and the University

Ehrenberg, R.G. (1991), ““Academic Labor Supply”, in C. Clotfelter, ed.,
Economic Challenges in Higher Education. Part II, University of Chicago
Press, Chicago, IL.

Heller, M. and R. Eisenberg (1998), “Can Patents Deter Innovation? The
Anticommons in Biomedical Research”, Science 280, 698-701.

Hicks, D. (2007), “Research Competition Affects Measured U.S.
Academic Output”, in P. Stephan and R. Ehrenberg, eds., Science and
the University, University of Wisconsin Press, Madison, WI.

Hoxby, C. (2000), “Peer Effects in the Classroom: Leaning from Gender
and Race Variation”, Working paper 7867, NBER.

Jaffe, A.B. (1989), ““Real Effects of Academic Research™, The American
Economic Review 79, 957-70.

Lissoni, F., L. Patrick, M. McKelvey et al. (2007), ““Academic Patenting in
Europe: New Evidence from the KEINS Database”, Working Paper
CESPRI No. 202.

Markiewicz, K. and A. Diminin (2004), Comercializng the Laboratory:
The Relationship between Faculty Patenting and Publishing. University of
California, Berkeley, CA.

National Science Board (2006), Science and Engineering Indicators,
National Science Foundation, Arlington, VA.

National Science Foundation (2007), Changing U.S. Output of Scientific
Articles: 1988—2003. National Science Foundation, Arlington, VA.

Normile, D. (2006), “Frustrations Mount over China’s High-Priced Hunt
for Trophy Professors™, Science 313, 1721-23.

Sacerdote, B. (2001), ““Peer Effects with Random Assigment: Results for
Darmouth Roomates”, Quarterly Journal of Economics 116(2), 681-704.

Schulze, G.G. (forthcoming), “Tertiary Education in a Federal System —
the Case of Germany”, in M Albert, D. Schmidtchen and
S.H. Voigt, eds., Scientific Competition, Mohr Siebeck, Tiibingen.

Stephan, P. (forthcoming), “The Economics of Science”, in B.H. Hall and
N. Rosenberg, eds., Handbook of Economics of Technical Change,
Elsevier Press, Oxford.

Stephan, P. (2001), “Educational Implications of University-Industry
Technology Transfer”, The Journal of Technology Transfer 26(3),
199-205.

Stephan, P. and S. Everhart (1998), “The Changing Rewards to

Science: The Case of Biotechnology”, Small Business Economics 10(2),
141-51.

CESifo Economic Studies, 54, 2/2008 323



P.E. Stephan

Stephan, P. and S. Levin (1992), Striking the Mother Lode in Science: The
Importance of Age, Place, and Time, Oxford University Press,
New York.

Stephan, P. and J. Ma (2005), “The Increased Frequency and Duration of
the Postdoctorates Career Stage™, American Economic Review: Papers
and Proceedings 95, 71-5.

Stephan, P., S. Gurmu, A. Sumell et al. (2007), “Who’s Patenting in the
University? Evidence from the Survey of Doctorate Recipients™,
Economics of Innovation and New Technology 16(2), 71-99.

Symons, J. and D. Robertson (1996), “Do Peer Groups Matter? Peer
Group vs. School Effects in Academic Attainment”, Discussion Paper
311, London School of Economics Center for Economic Performance.

Thursby, J. and M. Thursby (2007), “‘Patterns of Research and Licensing
Activity of Science and Engineering Faculty”, in P. Stephan and
R. Ehrenberg, eds., Science and the University, University of Wisconsin
Press, Madison, WI.

Walsh, J., C. Cho and W. Cohen (2007), “Where Excludability Matters:
Material vs. Intellectual Property in Academic Biomedical Research”,
Research Policy 36, 1184-203.

Wilson, R. (2000), “They May Not Wear Armani to Class, but Some
Professors Are Filthy Rich”, Chronicle of Higher Education March 3,
46(26), A16-A18.

Zimmerman, D.J. (2003), “Peer Effects in Academic Outcomes: Evidence

from a Natural Experiment”, Review of Economics and Statistics 85(1),
9-23.

324 CESifo Economic Studies, 54, 2/2008



