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|. Executive Summary

Three decades have passed since researchers from Stanford and UC San Francisco began to develop the commercial
applications for their work on recombinant DNA and launched the birth of the biotech industry. The result is a flourishing
global landscape of spin-offs, startups and collaborations between biotechnology firms, financiers and academia. Those
linkages were fortified in the United States with the 1980 passage of the Bayh-Dole Act, granting to universities the right to
own, license and market the fruits of their faculty research. Nations worldwide quickly followed suit.

Research and innovation are increasingly shifting away from the corporate lab and back to where they began: the university
campus. And as the global economy grows increasingly dependent on the generation and dissemination of knowledge,
universities are seen as natural partners for both business and government. With government sources of R&D funding often
mandating in-kind private-sector investments, the university-industry relationship is growing more complex and entwined.
For this reason, it is crucial to examine the process of university technology transfer for its strengths and vulnerabilities in
order to facilitate the commercialization process and ensure the greatest possible returns on public investment.

Key Findings:

+ Harvard ranks first in terms of biotech research, as measured by papers and citations, followed by the
University of Tokyo and University of London. U.S. universities hold eight of the top 10, and 28 of the top
40 positions. California universities hold five of the top 25 rankings; the UK and Japan hold three each.

+ The University of Texas system scores first on our Biotech Patent Composite Index, followed by UC San
Francisco — which is likely first among individual campuses since the University of Texas doesn't report
data on individual campuses — and Johns Hopkins. Nine of the top 10 patent holders are U.S. universities.
The University of London ranks first among foreign universities (10" overall). (U.S.-issued university
biotech patents grew from a cumulative total of 433 through 1995 to 11,430 in 2004.)

+ Our University Technology Transfer and Commercialization Index shows MIT first on outcome measures,
which include such factors as licensing income and startups. The University of California system ranks
second (led by UC San Francisco), with Caltech third, Stanford fourth and Florida fifth. The University of
British Columbia was the highest-ranked Canadian institution, coming in eighth overall.

*Among U.S.,Canadian and European universities, the United States leads in invention disclosures, patents
filed and granted, licenses executed and licensing income. However, European universities surpass their

U.S. counterparts in startups established.

+Research activity has a high rate of return. Each 10-pointincrease in our Research Papers score contributes
an additional $1.7 million in annual licensing income.

* Investments into OTTs also offer high returns. For every $1 invested in OTT staff, the university receives a
little more than $6 of licensing income.

* In terms of job creation, the Amgens and Genentechs most differentiate the economic impact of U.S.
university-based biotech commercialization from that originating in universities in other nations.

[5 ]
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University research tends to be oriented toward basic research that
Technology transfer reflects the addresses long-term, fundamental scientific discovery and knowledge.
delicate balance of a university’s An increasing share of the funding — from government, industry,
wider culture and is an important nonprofit donor and other sources — is going into biotechnology and
byproduct of its mission. the life sciences, as evidenced by the dramatic increase since 1995 in

university patenting.

The core mission of the world’s leading research universities is education, discovery research and the dissemination of
knowledge. It is also understood that the commercialization of research and knowledge is controversial to some audiences.
Many academic researchers are conflicted by the greater focus on commercialization, feeling that it might impede research
in areas with a lower probability of direct-market applicability but which could nevertheless lead to advances in fundamental
scientific knowledge. We maintain that technology transfer reflects the delicate balance of a university’s wider culture and
is, in fact, an important byproduct of its mission.

In this study, we examine the biotech transfer process taking place at universities, from knowledge creation to technology
transfer and early-stage commercialization. A key focus of our investigation is the role played by technology transfer
professionals. Research is essential for commercial outcome, but the technology transfer professional is crucial in the
successful conversion of knowledge to the private sector.
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The University Innovation Pipeline

The phrase “university innovation pipeline” refers to the support and We developed indexes that allow
process infrastructures that enable a university to convert its research a systematic comparison and rank

and creativity into commercially viable intellectual property. A rich individual universities among their
innovation pipeline plays a pivotal role in a university’s ability to peers.
commercialize its research.

For this study, we analyzed national and international university biotechnology and overall innovation pipelines, using
three measures of comparison: publication rankings, patenting activity and office of technology transfer (OTT) outcome
measures, or how universities perform in the overall innovation pipeline. We developed indexes that allow a systematic
comparison and rank individual universities among their peers. Any ranking system presents challenges and requires
some subjective weighting of the components. For example, when examining research quantity and quality by analyzing
biotechnology publications, one must decide the importance of the number of publications per university versus the citations
of those papers by others. Nonetheless, we believe that our approach will contribute to informed discourse on best practices.

Publication Rankings: Global Data Analysis

Publication and citation counts are important output measures of scientific research. Thus, comparing and evaluating the
scientific strength (research output) of universities around the world, as measured by the quantity and quality of published
research, is the first sequence in the process. We used statistical data for the period 1998-2002, using databases from
Thomson Scientific, Science Citation Index (SCI), the Social Sciences Citation Index (SSCI) and the Swiss Center for Science
and Technology Studies (CEST).

We used 683 universities in the analysis of all academic fields, including: 217 in the United States (32 percent); 303 in
Europe (44 percent, of which Eastern European universities represent 6 percent); 56 in Japan; 30 in Canada; and 11 in
China. Within the field of biotechnology, we evaluated eight subfields represented in 492 universities, including: 161 in the
United States (33 percent); 222 in Europe (45 percent, including 5 percent for Eastern Europe); 44 in Japan; 23 in Canada,
9 in Australia; 5 in China; and 17 in the rest of Asia.

We based our evaluation on assessments of three performance indicators — the Number of Publications, Activity and
Impact — at the aggregate level of biotechnology, after having assigned a unique weight, based on its relative importance
to the overall biotechnology category, to each of the eight subfields.

1. Number of Publications: A size indicator that reflects the absolute number of university publications.

2. Activity: A concentration indicator, measured by the number of publications in specific subfields as a percentage
of a university’s total publications, divided by the world’s publications in that subfield, as a share of the world’s total
publications.

3. Impact: A quality indicator that reflects the number of citations of a university in a specific subfield as a
percentage of the number of the university’s total publications in that field, divided by the total citations of the
world in the specific field, as a share of the world’s total publications in that field.

7]
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We also assigned weights to the three indicators: Number of Publications (40 percent); Activity (20 percent); and Impact
(40 percent). A lower weight was accorded for Activity because a university’s concentration in biotechnology, relative to
overall research papers, cannot be considered as important as the Number of Publications and Impact. In each measure, the
universities are benchmarked to the best-performing university, which earned a score of 100.

U.S. universities dominate the top 50 rankings worldwide across the three performance indicators. The list is topped by
Harvard University, followed by the University of Tokyo; the University of London; the University of California, San Francisco;
and the University of Pennsylvania. Positions 6 through 10 are all from the United States: the University of California, San
Diego; Johns Hopkins University; Washington University; the University of Washington; and the University of California,
Los Angeles.

The dominance of U.S. universities is highlighted by several findings: they hold eight of the top 10 positions; 14 of the top
20 positions; and 28 of the top 40 positions. The top 10 U.S. universities account for 11.8 percent of world publications. And
within the United States, California universities play a dominant role: three University of California campuses rank among
the top 10; Stanford ranks 12™; and the University of California, Berkeley, ranks 25, California universities hold five of the
top 25 positions. Britain and Japan each have three universities among the top 25.

The United States accounts for 46 percent of the worldwide scientific biotech publications in the period 1998-2002, while
European universities account for 35 percent, Japan 9 percent and Canada 5 percent. But it would be shortsighted to reduce
differences between U.S. universities and European universities to such mass effects as publication counts. Research quality
is affected by national policies, funding, industry clustering and other factors. Our analysis of publications is complemented
by other indicators (Impact and Activity), and relatively small but specialized institutions can score as well as large research
universities.

The following table summarizes our University Biotechnology Publication Ranking. Harvard, with a Publications score of
100, is credited with 11,098 biotech publications over the period 1998—2002. The university has an Activity score of 74.8 and
Impact of 63.3. The University of Tokyo, at third (and second overall, with a score of 83.3), recorded 9,418 publications, from
1998 to 2002, heavily concentrated within biochemistry and biophysics — more than 43 percent of the total. In contrast,
the University of London, second with 9,633 total publications (and third overall, scoring 83.1), has a higher concentration
within molecular biology and genetics.'

Rockefeller University has the highest Activity in total biotech research. The University of Dundee in Scotland has the
second-highest research focus in biotechnology, scoring 85.9 out of 100. The State University of New York (SUNY) at Stony
Brook is a very close third, scoring 85.8. The University of Wales, Aberystwyth, excels in the Impact indicator, with a score
of 100. But this remarkable performance stems from its high Impact within the subfield microbiology, where its research
efforts are focused. Still, among the overall top 50 performers, Rockefeller, at second, is 33 index points behind the University
of Wales.
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Milken Institute University Biotechnology Publication Ranking

Top 50, 1998-2002

Biotech
Publ.
by Univ. Activity Impact Overall
Rank University Country Score Score Score Score

1 Harvard University, Cambridge USA 100.0 74.8 63.3 100.0
2 University of Tokyo Japan 84.9 77.5 43.5 83.3
3 University of London UK 86.8 60.0 50.0 83.1

4 University of California, San Francisco USA 54.5 83.0 63.8 79.6
5 University of Pennsylvania, Philadelphia USA 51.8 77.2 55.9 72.9
6 University of California, San Diego USA 42.0 72.8 64.5 71.2
7 Johns Hopkins University, Baltimore USA 47.5 70.8 59.1 70.8
8 Washington University, St. Louis USA 37.9 85.4 58.6 69.4
9 University of Washington, Seattle USA 471 69.7 55.4 68.4
10 University of California, Los Angeles USA 47.0 66.2 54.3 67.0
1 Yale University, New Haven USA 375 74.5 59.0 66.7
12 Stanford University USA 37.9 68.3 59.8 65.7
13 Rockefeller University, New York USA 141 100.0 67.0 65.3
14 University of Wisconsin at Madison USA 36.9 76.6 53.3 64.0
15 University of Cambridge UK 34.6 67.4 58.3 63.1

16  |Baylor College of Medicine, Houston USA 30.5 80.9 55.3 62.9
17 University of Oxford UK 31.8 72.6 58.1 62.9
18 Duke University, Durham USA 315 724 55.8 61.5
19  |Osaka University Japan 43.4 69.2 45.2 61.4
20 Kyoto University Japan 41.7 711 45.7 61.2
21 Massachusetts Institute of Technology (MIT), Cambridge USA 27.4 60.2 64.2 60.6
22 University of Texas at Dallas USA 25.8 775 56.8 60.5
23 Universités de Paris (I - XIII) France 48.4 59.3 41.7 59.7
24 Columbia University, New York USA 32.0 58.3 58.3 59.5
25 University of California, Berkeley USA 32.4 541 59.8 59.4
26 Case Western Reserve University, Cleveland USA 25.7 825 52.0 59.3
27  |Cornell University, Ithaca USA 32.2 68.3 52.4 59.2
28 University of North Carolina at Chapel Hill USA 27.9 716 54.8 59.1

29 Yeshiva University USA 20.7 85.8 54.5 58.8
30 University of Toronto Canada 40.9 57.3 48.4 58.7
31 McGill University, Montreal Canada 30.2 734 51.0 58.7
32 University of Michigan, Ann Arbor USA 36.5 61.3 50.0 58.4
33 |Vanderbilt University, Nashville USA 25.9 82.5 49.7 58.2
34 University of lowa, lowa City USA 24.4 78.7 51.9 57.7
35 Karolinska Institutet, Stockholm Sweden 30.7 73.5 48.0 57.5
36 University of Medicine and Dentistry (UMDNJ), New Brunswick USA 26.4 73.4 51.7 57.2
37 University of Alabama at Birmingham USA 231 855 47.6 56.5
38 State University of New York (SUNY) at Stony Brook USA 15.4 76.5 58.5 55.9
39 Université de Genéve Switzerland 12.7 66.4 65.8 55.7
40 University of Wales, Aberystwyth UK 0.5 225 100.0 55.7
41 New York University (NYU) USA 211 68.0 56.2 55.5
42 University of Utah, Salt Lake City USA 19.6 721 55.0 55.1

43 Universitat Basel Switzerland 10.4 75.0 60.9 54.2
44 University of Chicago USA 23.1 61.4 54.3 53.9
45 University of Massachusetts at Amherst USA 16.1 70.6 56.0 53.5
46 University of Dundee UK 10.1 85.9 54.2 53.4
47 Oregon Health & Sciences University, Portland USA 12.3 80.6 53.9 53.1

48 University of Edinburgh UK 17.3 731 51.9 52.7
49 Universités de Strasbourg (I - I1l) France 134 69.8 56.4 52.1

50 Universitat Zirich Switzerland 17.4 731 50.7 52.1

Sources: Center for Science and Technology Studies (CEST); Thomson Scientific (SCI/SSCI/AHCI); Milken Institute

Among universities with a large research base, UC San Diego scores 64.5, ranking third. UCSD has consistently high Impact
scores but stands out for its exemplary performance within the subfield cell and developmental biology, where it receives a
67 percent higher Citation rate than the university average in the sample.

Further research will be helpful to determine whether recent changes in publication patterns alter these rankings in
a meaningful way. Chinese universities seem most likely to improve their publication scores as the result of increased
emphasis by the government on biotechnology research, higher funding and improvement in the number of publications in
recent years.

[0 ]
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Global University Biotech: Patents Issued in the United States

Since we are interested primarily in capturing university patents stemming from the biotech research, we used patent data
compiled through ipIQ, which specializes in intellectual property analysis within the technology sector. Biotech patents
issued in the United States to universities have increased dramatically. Between 2000 and 2004, the cumulative number of
U.S.-issued university biotech patents increased by 77 percent, for a compound annual growth rate of 17.4 percent.

The ipIQ data concentrate on the productivity or quality associated within a university’s biotech patents, and allow an
assessment of a university’s biotech research quality. The data incorporate U.S. and international patent codes, and examine
all Type 1 (utility)? patents issued to universities within biotechnology. In cases where multiple universities were assigned
to a patent, the patent was counted once for each university. Between 1995 and 2004, 424 U.S. and foreign universities were
recognized for carrying at least one biotech-issued patent. Of these universities, 198 were U.S. (46.7 percent) and 226 were
foreign (53.3 percent), including 110 European (25.9 percent) and 48 Asian (11.3 percent). An additional filter was added
to capture the nanotech subset within the biotech sample.

In deriving the overall composite index, we assigned four indicators: Absolute Number of Patents, Current Impact Assessment,
Science Linkage and Technology Cycle Time. Each is defined as follows:

1. Absolute Number of Patents: This figure takes into account all Type 1 utility biotechnology patents
issued in the U.S. patent system between 2000 and 2004.

2. Current Impact Index, Cll: CII measures the impact of a university’s patents on the latest biotechnology
developments. Specifically, it measures how often the previous five years of a university’s biotech patents are cited
by patents issued in the most recent year, relative to all U.S.-issued patents.

3. Science Linkage: This is a measure of the extent to which a university’s biotechnology builds upon cutting-
edge scientific research. It is defined as the average number of science papers referenced on the front page of its
biotech patents.

4. Technology Cycle Time: This is a median age of the U.S.-issued patents cited on the front page of a
university’s patents.

We then assigned weights to the indicators: Absolute Number of Patents (65 percent); Current Impact Index, or CII (15
percent); Science Linkage (10 percent); and Technology Cycle Time (10 percent).

Intellectual property laws differ significantly among countries, creating challenges
for foreign universities wishing to patent in the United States. They are likely to
score lower than U.S. institutions in overall Absolute Number of Patents issued in
the United States, holding other factors, such as scientific quality, constant. In an
effort to balance the potential under-representation of foreign patents issued in
the United States, we constructed a geographic gravity function in compiling a
biotech patent ranking of foreign-based institutions. Foreign universities generally
attempt to patent biotech IP in the United States because there is a large potential

The university that ranks
highest for a particular
category receives a score of
100 and provides a relative
benchmark.

[10 ]
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market for commercial therapeutics; the United States is home to most of the world’s largest biopharmaceutical firms; and
the U.S. legal system permits the patenting of genetic material.

We used a scoring system so that the university that ranks highest for a particular category, such as CII, would receive a score
of 100 and provide a relative benchmark. (A score may range from 0 to 100.) Our analysis covers the period 2000—2004. In
the table below, we rank the top 50 universities according to the four indicators.

Biotech Patent Rankings - Top 50 Institutions
Composite Index, 2000-2004

No. of Current Science  Tech Cycle
Patents Impact Index Linkage Time Composite
Rank University Country| Score Score Score Score Score
1 University of Texas us 100.00 27.63 18.07 18.1 100.00
2 University of California, San Francisco us 100.00 8.77 11.17 15.3 94.78
3 Johns Hopkins University us 87.21 23.25 714 21.0 86.57
4 Stanford University us 63.93 43.42 10.78 20.0 70.29
5 Cornell University us 62.56 19.30 9.54 16.0 63.38
6 Columbia University us 60.27 25.88 9.71 19.1 63.15
7 University of California, Berkeley us 63.01 13.16 5.62 21.3 62.71
8 University of California, San Diego us 59.36 17.54 9.82 171 60.35
9 University of Wisconsin us 56.62 25.00 8.65 19.1 59.55
10 University of London GB 58.70 4.33 10.62 30.1 58.94
11 Harvard University us 55.25 25.44 13.89 17.6 58.93
12 Hebrew University of Jerusalem IL 56.85 13.60 11.18 16.7 57.42
13 University of Michigan us 52.05 29.39 14.65 14.6 56.58
14 McGill University CA 52.97 22.37 9.88 20.3 56.08
15 University of Pennsylvania us 51.60 2412 13.56 13.1 54.74
16 Rockefeller University us 51.60 156.35 17.31 18.6 54.19
17 California Institute of Technology us 38.36 61.40 21.60 19.4 52.56
18 Yale University us 42.92 39.91 16.98 19.1 51.54
19 University of Melbourne AU 47.41 6.14 7.40 325 49.11
20 Thomas Jefferson University us 47.03 11.84 12.10 15.3 48.22
21 Tel-Aviv University IL 46.52 13.60 7.02 18.1 47.81
22 Washington University us 43.38 16.23 8.81 194 45.98
23 University of California, Los Angeles us 42.47 8.77 11.00 18.3 43.78
24 University of Oxford GB 30.98 64.47 2.05 17.6 43.67
25 University of British Columbia CA 39.27 25.00 7.31 14.8 43.27
26 University of Utah us 38.81 27.63 7.94 13.1 43.27
27 University of Minnesota us 36.99 21.05 15.07 15.7 41.61
28 Massachusettes Institute of Technology us 30.59 43.86 12.15 16.3 40.28
29 University of Chicago us 35.16 18.86 14.84 19.4 40.01
30 University of Alabama us 36.53 14.91 8.47 19.4 39.54
31 Queen's University of Belfast NI 9.52 100.00 2.14 68.4 38.82
32 Duke University us 32.88 25.44 9.55 18.1 38.41
33 University of Florida us 35.62 14.47 7.42 16.5 38.09
34 University of Maryland System us 33.79 15.79 11.00 17.6 37.37
35 New York University us 33.79 16.23 10.15 15.3 37.03
36 University of Queensland AU 34.65 7.02 4.33 20.6 35.83
37 Baylor College of Medicine us 29.22 26.75 16.34 124 35.57
38 University of Southern California us 25.57 38.16 11.44 21.7 35.26
39 Michigan State University us 33.33 10.53 6.85 15.5 35.02
40 University of lowa us 26.94 28.07 13.47 20.6 34.54
41 University of North Carolina us 28.31 25.00 10.58 17.3 34.28
42 Vanderbilt University us 27.40 22.37 6.68 245 33.38
43 University of Washington us 26.03 25.44 10.40 20.6 32.76
44 Mt. Sinai School of Medicine of CUNY us 17.81 54.82 15.92 22.0 32.43
45 Boston University us 18.72 52.63 11.62 19.4 31.84
46 Yeshiva University us 26.48 20.18 4.52 213 31.37
47 Universite Louis Pasteur FR 18.03 44.30 20.36 21.7 31.02
48 University of Pittsburgh us 25.11 23.68 7.87 17.8 30.85
49 University of Calgary CA 26.48 14.47 11.34 14.6 30.21
50 University of Saskatchewan CA 21.92 25.00 11.24 15.3 28.38
Sources: iplQ, Milken Institute
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Among our more important findings:

*  More than 6,300 biotech patents were accounted for by the U.S. Patent and Trademark Office between 2000 and
2004. Biotech patents issued in the United States have increased dramatically, growing from a cumulative total of
433 through 1995 to 11,430 in 2004.

* Nine out of the top 10 universities are U.S. universities.

* UC San Francisco and the University of Texas system tie in Absolute Number of Patents issued by the United
States.

*  California has four of the top 10 universities, and six of the top 25, on biotech patent ratings.

*  Of the top 100 institutions ranked, 28 are foreign universities.

*  Queen’s University of Belfast, Northern Ireland, ranks first on the Current Impact Index.

*  The University of Birmingham in England ranks first on Science Linkage.

*  Japan’s Ministry of Education ranks first in Technology Cycle Time.

*  (alifornia Institute of Technology (Caltech) ranks among the top 15 in Absolute Number of Patents issued, Current
Impact Index and Science Linkage.

*  One out of every five nanotech patents stems from the University of California system.

The University of California system was issued 723 U.S. patents from 2000 to 2004, No. 1 among all universities. The UC’s
broad-based reputation in R&D is evidenced by its top-notch faculty and scientists. UC San Francisco, UC Berkeley and UC
San Diego have attracted clusters of firms engaged in biotech manufacturing and R&D services.?

The University of Texas, comprising nine campuses and six health institutions, ties UC San Francisco, with 219 U.S -issued
biotech patents. Four Nobel laureates (more than at any other medical school in the world) work as tenured researchers at
Southwestern Medical Center.* Johns Hopkins scores third for Absolute Number of Patents issued. The university is home to
numerous research centers and institutes committed to the sciences and public health. Stanford ranks fourth on the biotech
patenting index. Nine of the top 100 universities are in New York, with Cornell and Columbia among the top 10.

The University of Wisconsin, Madison, ranks ninth overall, supported by groundbreaking research conducted by James A.
Thompson, Ph.D., a biologist credited with the first isolation of primate stem cells in 1998 and who has patented both non-
human (primate) and human embryonic stem cells.” The University of London ranks 10® in Absolute Number of Patents
issued by the United States and in the overall composite index, making it the highest-scoring foreign university. Second
among non-U.S. universities holding U.S.-issued biotech patents (and 12 overall) is Hebrew University of Jerusalem.

U.S. universities account for 85 percent of the Absolute Number of Patents issued in the United States (and 66 percent of
gravity-adjusted patents). After Canadian universities, universities in smaller countries, such as Austria and Israel, receive
more U.S. biotech patents than do universities in most large countries.

Commercialization Performance: Based on AUTM data for the United States and Canada

We also evaluated university performance in the overall commercialization pipeline, including all other research fields, as
well as biotechnology. We used data from the Association of University Technology Managers’ (AUTM) survey of U.S. and
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Canadian universities to create Pipeline Performance Measures to determine which universities are better positioned to
capitalize on their innovation assets.

The pipeline was evaluated in three stages:

1. Along-term analysis, using data from 1996 to 2004
2. Ashort-term analysis, spanning from 2000 to 2004
3. Aone-year snapshot, based on data from the 2004 AUTM survey

For each stage, we ranked the universities according to three different scenarios:

1. Inabsolute terms
2. Normalized by million dollars of research expenditures
3. Interms of productivity (e.g., patents filed per invention disclosure)

We used 17 performance indicators for the AUTM data and nine for the comparison of AUTM with ASTP (the Association of
European Science and Technology Professionals) information for the one-year 2004 snapshot.

Assessing these scenarios helps us paint a more accurate picture of how universities perform in the innovation pipeline. The
short- and long-term evaluations allow us to reduce the bias of aberrations that might be caused by a stellar or mediocre
year in research, patenting and licensing activity.

Our first consideration in developing an overall index is the proper balance

between absolute and relative measures of commercialization. For example,

holding all other factors constant, a large research university that attracts

considerable public funding should have greater commercialization

outcomes — such as licensing income and startups — than a smaller

university. However, absolute outcome measures don’t address the

productivity or efficiency of commercialization activity. Thus, we scale

the outcome results by research expenditures to gain a relative measure.
Nonetheless, absolute measures are important because of the impact of large institutions. Size is significant in assessing
the overall influence of research universities. These indicators were filtered for each outcome measure. We give an equal
weighting (50 percent) to absolute and relative performance.’

The scoring system does not
overly reward an institution on a
single measure but does reward
for consistent performance
across measures.

Next, we determined the appropriate outcome measures. We chose to focus on primary exit valves, such as Licensing Income,
Startups,Licenses Executed and — to gain some measure of what occurred earlier in the pipeline that could lead to future
success — Patents granted. Licensing Income and Startups are the most direct measures of outcome. They give a clear
valuation of the quality of university-based intellectual property. Therefore, they received the greatest weights, at 35 percent
each. Licenses Executed and Patents granted were each assigned a weight of 15 percent because they are earlier-stage
outcome measures.
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These indicators were filtered by taking the natural logarithmic transformations of the absolute and relative measures. This
process results in a scoring system that doesn’t overly reward an institution for being substantially above its peers on any
single measure but does reward for consistent performance across measures. Universities were benchmarked to the highest-
scoring institution (with a possible top score of 100) on each of eight subcomponents comprising the four outcome index
measures. Finally, the overall top-scoring university was re-benchmarked to 100.

This methodology results in the Milken Institute University Technology Transfer and Commercialization Index, with the top
25 universities listed in the accompanying table. MIT is the leader on overall Outcome Measures. It scores first in Startups
by a wide margin, averaging more than 23 new firms per year — ahead of the entire University of California system (with
nine campuses), which reports 20 startups. MIT has been spinning out new firms from its research laboratories for more
than 50 years; academic entrepreneurship was a critical part of the culture long before the process was formalized by the
establishment of the MIT Technology Licensing Office in the late 1980s.” But the university doesn’t derive its lofty position
from Startups alone; it scores 95.2 on Patents Issued (second to Caltech) and 90.6 on Licensing Income. The university’s
diverse research strengths in the physical and engineering sciences, in addition to biotechnology, give it unique opportunities
for commercialization.

Milken Institute University Technology Transfer and Commercialization Index
2000-2004

Patents Licenses Licensing
Issued Executed Income Startups Overall

Rank Institution Name Score Score Score Score  Score
1 Massachusetts Inst. of Technology (MIT) 95.17 79.89 90.64 100.00 100.00
2 University of California System 97.26 85.25 95.16 83.24 96.59
3 California Institute of Technology 100.00 70.77 87.12 86.60 92.94
4 Stanford University 91.56 84.28 93.76 77.02 92.65
5 University of Florida 84.82 71.41 92.57 69.26 86.11
6 University of Minnesota 78.92 77.46 91.02 69.24 85.55
7 Brigham Young University 66.87 80.60 86.13 77.57 85.41
8 University of British Columbia 74.36 74.09 82.73 77.42 84.23
9 University of Michigan 82.70 72.25 77.98 74.89 82.54

10 New York University 73.68 63.30 100.00 58.16 81.63
11 Georgia Institute of Technology 76.80 60.51 72.79 83.41 80.95
12 University of Pennsylvania 76.41 72.05 83.95 67.15 80.83
13 University of lllinois, Chicago, Urbana-Champaign 72.80 74.55 77.60 72.72 80.35
14 University of Utah 77.08 70.80 81.56 66.01 79.40
15 University of Southern California 70.77 79.81 70.37 75.72 79.28
16 Cornell Research Fdn., Inc. 86.31 75.99 77.99 61.51 78.69
17 University of Virginia Patent Fndtn. 66.53 75.11 79.41 68.48 78.52
18 Harvard University 78.82 76.06 87.54 52.45 77.68
19 University of California, San Francisco 88.60 11.63 99.73 62.39 77.19
20 North Carolina State University 78.41 73.80 74.40 64.77 76.94
21 SUNY Research Foundation 79.51 64.36 84.63 58.01 76.90
22 W.A.R.F./University of Wisconsin 87.59 86.65 90.52 38.99 76.86
23 McGill University 77.47 68.76 7212 69.24 76.80
24 University of Washington/Wash. Res. Fdn. 75.11 76.10 88.49 50.03 76.54
25 University of North Carolina, Chapel Hill 78.48 76.86 71.14 64.21 76.00

Sources: AUTM, Milken Institute
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The UC system is second on the overall index, at 96.6, recording scores no lower than 82.2 on any of the four composite
measures. The UC system is first on the Number of Patents, placing it second on the composite measure, which includes
Patents per Million Research Expenditures. Additionally, it is second on the Licensing Income composite and first in the
Absolute Amount subcomponent. UC San Francisco is the highest-scoring individual campus, at 19®. This is remarkable
since the university records a very low score of 11.6 on Licenses Executed, which largely reflects its strategy to focus on
licensing IP that is likely to have a substantial impact, principally in biotechnology. That strategy is in turn reflected
in total Licensing Income, where UC San Francisco ranks first overall, without the other UC campuses. UC San Diego
and UC Berkeley rank in the top 30, as well. Both score high on Absolute Measures, but not so well when normalized for
Research Expenditures.

Caltech is third on the index, with an overall score of 92.9. This is notable for a relatively small institution, but its research
quality is very high. Caltech is first on the Patents composite score by recording strong positions in Absolute Number of Patents
and Patents normalized per Million Research Expenditures. It had scores in the upper 80s for both Licensing Income and
Startups, and is well positioned in biotechnology research competency. Similar to MIT, Caltech has strengths in engineering
and the physical sciences, assisting its aggregate performance.

Ranking fourth, Stanford University displays its entrepreneurial focus. Stanford records scores above 90 on Patents and
Licensing Income, where it ranks fourth, as well. Stanford’s business school has played a key role in developing a culture
that encourages and rewards researchers who actively engage in commercialization efforts. The University of Florida ranks
fifth, which is perhaps surprising to many, but the school has seen remarkable success at its office of technology transfer.
While Florida’s position is assisted by its Gatorade income, it scores relatively high on all four composites. Florida focuses on
translational, as opposed to basic research, and this is witnessed in its outcome success.

Leading the second tier of the top 10 is the University of Minnesota, at sixth. Minnesota scores high on both absolute
Licensing Income and Income normalized to Research Expenditures. This combination gives it a composite Licensing score
of 91.0. Another surprise to some might be Brigham Young University, which ranks seventh. It was among the national
leaders in Licensing Income Relative to Research Expenditures and has achieved exceptional performance in the life-
sciences area, especially in biotechnology.

At eighth, the University of British Columbia is the highest-ranking Canadian university, recording a score of 84.2 overall.
Its best score is in Licensing Income. Its lowest score is 74.1, in Licenses Executed, thus displaying a consistent performance.
The University of Michigan ranks ninth overall. It has consistently high scores, as well, but its best outcome achievement is
in Patents. New York University scores 10™. Its position is attributable to its first-place score on Licensing Income. NYU ranks
second on Licensing Income Relative to Research Expenditures, just behind Florida State University.

Commercialization Performance: Based on ASTP/AUIM Data for the United States, Canada and
Parts of Europe

In the process of analyzing the innovation pipeline, we tried to include the maximum number of universities. However, we
were limited by the paucity of comparable global data. Additional transparency should be a top priority, especially since
much research funding comes from public sources. One bright spot in this otherwise arid space is 7he 2006 ASTP Survey,®
which provides disaggregated data on 23 European public research organizations — 16 individual European universities/
university hospitals and seven government or nonprofit research institutes.
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The accompanying table provides a snapshot (one-year) comparison of U.S., Canadian and European universities overall,
for 2004. All European numbers in this section are reported in purchasing price parity U.S. dollars (PPP§). These innovation
pipeline measures have been normalized by research expenditures, but benchmark comparisons are fraught with data
difficulties. For example, a potential source of bias is introduced by the higher response rate in the AUTM survey, in which
96 of the top 100 U.S. research universities participated. These universities represent 87 percent of total academic research
expenditures. In contrast, while the ASTP sample includes many leading European universities, several of the most
prestigious research universities did not participate. This suggests that the average European university statistics may be
biased downward, relative to their U.S. and Canadian counterparts.

The average research expenditures for universities in U.S. dollars totals §225 million for the United States, $178 million
for Canada and $100 million for Europe. Even with the exclusion of several top European research universities, the results
highlight the Canadian and U.S. advantage in funding. Among universities, the United States leads in invention disclosures,
patents filed and granted, licenses executed and licensing income.

AUTM and ASTP Performance Per Million Research Expenditures
Universities, 2004

U.S.

Canada

Europe

Average Research Expenditures (US$ Mil.)

225

178

100

Ratio

Per Million Research Expenditures

U.S./Canada U.S./Europe

Invention Disclosures 0.40 0.14 0.32 2.98 1.25
Patent Applications 0.25 0.06 0.12 4.21 2.06
Patents Granted 0.09 0.01 0.04 6.09 2.38
Licenses Executed 0.11 0.07 0.09 1.58 1.25
Licensing Income (US$) 27,825 12,934 11,988 215 2.32
Startups Established 0.01 0.01 0.03 1.74 0.37

Sources: AUTM, ASTP, Milken Institute

European universities surpass their U.S. and Canadian counterparts in just one category: Startups established. European
universities establish approximately three times as many new firms, relative to research expenditures, as their counterparts
in the United States and Canada. This reflects an emphasis on startup activity as a public-policy priority. However, this
higher startup rate says nothing about survival rates and whether startups become publicly traded firms with high levels of
employment. The last two columns in the table show the ratio of U.S. performance relative to Canada and Europe. Wherever
the ratio is greater than 1.0, the U.S. performance exceeds that of Canada and Europe.

In 2004 European university performance comes closest to the United States in Invention Disclosures and Licenses Executed.
Still, the U.S. performance is 25 percent above Europe on these two measures. In addition, the United States has more
than twice as many Patents Filed and Granted, relative to Research Expenditures, as Europe. This may reflect the greater
focus on biotechnology research and the ability to patent genetic material in the United States. For Licensing Income,
U.S. universities have $27,825 per Million Research Expenditures, substantially higher than the $11,988 for European
universities. This comparison must be made cautiously, as the licensing income is the result of the cumulative investment
in research over many years. Nevertheless, it does tend to indicate that U.S. universities rely on a few substantial deals that
generate a disproportionate share of income.
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Empirical Analysis: Measuring OTT and Factors Influencing Performance

Numerous factors — ranging from academic culture and public-policy constraints to industry dynamics — influence the
success of university biotech transfer. Only some of these are readily quantifiable; elsewhere, empirical data for OTT processes
and outcomes may be limited in scope or inaccessible to outside researchers. To better understand the determinants of
successful university tech transfer, we devised a multi-pronged strategy, using a variety of tools and statistical databases to
analyze and evaluate performance.

The principal source of data on technology transfer processes for all fields is AUTM.

Measurement problems associated with national and international comparisons of university biotech transfer processes
make it difficult to determine the exact extent of the commercialization of academic research. In some instances, official
reporting may undergo significant delays; in others, current data may be fairly comprehensive, but access to historical data
for benchmarking purposes is limited. Biotech-specific research funding and technology transfer data are not extensively
available from official sources.

The United States accounts for about 70 percent of world medical research and development, and 50 percent of global drug
sales. As a consequence, biotech activity is thus over-represented in the United States since the U.S. share of world GDP is
only slightly above 20 percent.

The wave of academic literature on university inventions that began shortly after passage of the Bayh-Dole Act has largely
addressed questions of viability, success, costs and benefits within various programs and processes in individual countries or
in small, cross-country comparisons. The research varies, from efficiency and effectiveness comparisons to analyses seeking
to determine causality.

The choice of variables evaluated in the literature is also diverse, including: the number of spin-offs and startups, patents,
licenses, R&D expenditures and revenues. In addition, areas of focus may encompass public and/or private universities,
institutes and collaborative organizations. Although these studies span several fields and industries, there is a strong
dominance of life sciences and biotechnology in OTT activities. Indeed, many studies document the dominant role of
biotechnology in the university tech transfer process. We document the levels of returns on tech transfer activities at individual
universities, in terms of university-specific performance data, and the importance of other individual causal factors, such as
research quality and geographic location, that might affect the probability of research commercialization. This is important
because when such factors are correlated with the output and input measures of an OTT, the separate effects are confounded.
The impact of the OTT is central to our econometric analysis.

It is important to note that AUTM data are not directly comparable from year to year. Several variables, including licensing
income, were not collected prior to 1996. Therefore, our modeling addresses the period from 1996 to 2003. Definitional
changes in the survey beginning in 1996 make prior data incomparable and necessitate their exclusion from the econometric
investigation. Additionally, only 81 universities continuously reported their data since 1996. The variables considered in our
analysis are divided into two groups — Output Measures (dependent variables, or those movements we are attempting to
explain) and Input Measures (independent variables, or those that are believed to explain movements in the dependent
variables).
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Dependent variables include Licensing Income, which comprises running royalties, upfront payments, cashed-in-
equity and payments under options. Running Royalties represent the continuing stream of income that a university
receives for inventions. Another form of licensing income is the one-time-only payment. Licenses Executed includes
the number of license agreements executed in a specified year. Startup Formation applies to the establishment of
companies dependent upon a university’s technology for initiation. Startups that originate internally, that is, through the
network of faculty or inventors, provide a measure of the university’s capacity to innovate.

Independent variables include: Labor Cost, i.e., the staffing costs associated with running a university tech transfer
office. It may also serve as a proxy for a university’s budget or monetary commitment to technology transfer. We measured
estimated compensation costs associated with the operations of the OTT — such as the number of Full Time Equivalents
(FTEs) and compiled them into a Labor Cost Index, based on Bureau of Labor Statistics (BLS) wage data. We determined
the Age of the OTT according to AUTM survey responses for a program start date, which refers to the year in which a
professional position was devoted to tech transfer activities at least 50 percent of the time.

Additional independent variables used in our models include the Milken Institute Tech-Pole Index, which
captures the absorptive capacity of technology transfer within a metropolitan area. The Milken Institute’s (MI) Tech-Pole
Index is defined as the product of two significant measures: high-tech concentration (characterized by vertical density)
and breadth of high-tech activity (characterized by horizontal depth). A high concentration, or clustering, of technology
firms in a region assists in creating an environment of linkages and opportunities for university commercialization efforts.
The independent variable Research Papers captures the quality of research at a university, as measured by data on
the number of publications and citations for all academic papers, and those specific to biotechnology that were discussed
in the prior section. The 81-university sample was segmented further by breaking out a 21 biotech-intensive subset and
investigating each university separately.

The following graph shows the actual versus fitted values from our Licensing Income Model 1, General Sample, statistical
analysis for 2003. Keep in mind that we performed these tests on longitudinal data from 1996 through 2003. The 2003 cross
section gives an illustration of how accurately the model explains variation in licensing income between U.S. universities that
can be attributed to specific factors. More than 92 percent of the variation in licensing income is explained by movements in
the four independent variables highlighted above. We developed similar model specifications for each of the other dependent
variables: Running Royalties, Licenses Executed and Startups. We also performed this analysis for the biotech-intensive
subset.
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University Licensing Income
Actual vs. Fitted, 2003
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Our main findings within the empirical analysis show that:

Research activity, as measured by Publications and Citations, has a high rate of return. Each 10-point increase in
our Research Papers score (which ranges from 0 to 100) contributes an additional $1.7 million to a university’s
annual Licensing Income.

Holding other factors constant, such as research culture and innovation ability, investments into OTTs seem to
generate high returns. For every $1 invested in OTT staff, the university receives a little more than $6 in Licensing
Income.

Anetworking effect is found, as measured by how long the OTT office has existed, separate from the size of the staff.
For each additional year in operation, $228,000 of incremental Licensing Income is generated.

The absorptive capacity of the surrounding region has a significant impact on the success of a university’s
commercialization efforts. In the general sample, each 10-point increase in the MI Tech Pole Index (ranging from
0 to 100) results in a $2.1 million gain in Licensing Income. In the biotech-intensive subset, the estimated gain is
even larger — $3.6 million for each 10-point increase.

In explaining Startups, the Exclusive Share was highly significant. Exclusive Share represents the share of
all Licenses Executed that are exclusive to only one company. It can also be interpreted to mean that a startup will
rarely sprout from an invention that has been licensed to more than one company. The results confirm that a 1
percent increase in Exclusive Share resulted in the formation of a little more than one startup.

OTIT Rate-of-Return Simulations

To further quantify the effect of the OTT and its staff as a percentage of total Licensing Income, Licenses Executed and Startup
companies formed, we completed two alternate simulations. These simulations allow us to use our econometric equations
to uncover the effects of additional investment into the OTT, as well as the effect of the office as a whole (capturing the
networking advantages of institutional experience). We do so by replacing certain input-variable series (specifically, Labor
Cost and Age of the OTT) with alternative historical series meant to estimate “what would have been” had the universities
behaved differently. Using the simulations, we can better understand the incremental system-wide impact the tech transfer
office has on licensing activity.
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The following table uses the 81 universities in our 19962003 AUTM general sample data set to quantify the effects of the
OTT as a percentage of total university licensing activity. The percentages represent the average Licensing Income, Licenses
Executed and Startup companies formed that can be attributed to the additional investment into the office (Simulation I)
and those that can be attributed to the office as a whole (Simulation IT). Conversely, these numbers can be interpreted as the
amount that university licensing activity would decrease, relative to the actual historical experience if investment into the
office had stopped in 1996 (Simulation I) or had the office never existed (Simulation IT).

Average OTT Impact
Output Contributable to the Tech Transfer Office, 1997-2003

Licensing | Licenses Startup
Income | Executed | Companies
Simulation |
No Additional Investment 4.9% 5.5% 5.2%
Simulation Il
No OTT Created 20.9% 23.2% 20.4%

Without an OTT office, the average university would earn only 79 percent of its annual licensing income; conversely, the
office is responsible for more than 20 percent of annual licensing income. With an average of $639.1 million and a seven-
year mean of $7.89 million, Simulation II estimates that the 81 universities in our data set can attribute $133.3 million
more, and $1.7 million on average, individually to tech transfer collaborations involving their OTTS. The tech transfer office
has a larger impact on licenses executed, at 23.2 percent of average annual licenses. Tech transfer offices had a slightly
smaller impact on Startup companies formed. A little more than 20 percent of companies formed are a result of the addition
of the OTT.

It is widely accepted that tech transfer offices contribute to the success of commercialization activities at universities. By
using this type of evaluation, the benefits these offices bestow can be quantified.

Conclusions and Recommendations

We have performed a global economic analysis of university innovation and entrepreneurship, and have investigated
the commercialization of international university biotechnology research to further the understanding of academic
entrepreneurial capitalism. We examined and evaluated the results of individual country approaches, as well as the strategies
and tactics of university biotech transfer processes.

Because many aspects of commercialization are place-, culture- and time-specific, we found no single model for tech

transfer success. However, those seeking to improve efficiencies and commercialization success can gain insight from our
global analysis, econometric findings and best practice examples.
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Our study identifies five broad factors influencing successful commercialization of university research:

1. National Innovation Policy

There is no single set of policies for successful university technology transfer. Each government has the
responsibility to determine its unique mix. However, there are many common characteristics among policies
underpinning success.

In general, we recommend that all governments continually review and update regulations, and educate themselves
regarding the policies of other nations, against whom they compete in this dynamic global industry. We advocate
policies that are consistent and transparent, all the while recognizing the importance of intellectual property
protection, the “rule of law” and the need to minimize partisan regulations, inefficiencies, conflicts and waste. We
encourage open communication, cooperation and collaboration across borders to increase university technology
transfer success.

A country’s attitudes toward risk affect its biotech industry growth opportunities. We advocate the implementation
of policies that encourage entrepreneurial capitalism and minimize the social and economic implications
sometimes associated with failure. Universities around the world will be well served by integrating interdisciplinary
entrepreneurship and business-management courses with life-science programs to stimulate commercialization.

Although we recognize that reporting technology transfer activities is relatively new for many universities, we
promote the generation of publicly available disaggregated data (similar to the AUTM and ASTP surveys) that
enable benchmarking and comparisons of individual OTTs.

2. Funding and Venture Capital

Although private-sector (especially venture capital) funding has increased exponentially since the passage of the
Bayh-Dole Act, most global biotechnology research continues to be funded by federal appropriations. Based upon
AUTM survey results, however, the largest source of spin-off funding is family and friends.

Biotech’s lengthy timeline — from inception to product development — involves high costs, risks and delayed
revenues. Universities and their technology transfer offices need long-term funding commitments, which can be
threatened by alternative fiscal priorities and are not universally available. However, while financial support is
necessary, evidence suggests that personal desire, enthusiasm, tenacity and quality human capital are directly and
positively correlated with commercialization success.

3. Clusters of Biotechnology

Many countries recognize biotechnology as a potential growth industry and are establishing biotech parks to
encourage the agglomeration economies associated with university, firm and investor proximity. Research suggests
that biotech clusters that overcome geographical borders may be best positioned to leverage the increasingly global,
interdisciplinary and collaborative nature of advanced scientific research.
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4. University Technology Transfer Mechanisms

Although we observed no single university tech transter model for successful commercialization, we identify some
key ingredients for their success: (1) incentives (including ownership of innovation by universities, rewards to faculty
and a motivating division of revenues among scientists, students, laboratories, departments and universities); (2)
funding; (3) well-trained human capital (especially personnel with work experience that has taken them in and
out of academia, industry and associations); (4) a culture of leadership, support and commitment from top-level
university administrations; and (5) benchmarking and evaluation procedures to learn from one another.

5. Commercialization Success: Patents and Licensing

Passage of the Bayh-Dole Act has stimulated the commercialization of university research globally. However,
although we found that an increasing number of universities engage in technology transfer, and evidence exists of
revenue growth by commercialization generally, most OTTs are small, young operations, and few are profitable. In
the United States, based upon information through 2003, the median age of OTTs was 17 years. In that same year,
on average, about 10 full-time-equivalent (FTE) staff (median statistic 8.2) were in place, double the size from
1996 data (5 FTEs and a median of 3.7.)

Summary

U.S. universities are the world leaders in transferring intellectual property to the private sector. The United States retains
a large lead in biotech research at its top universities. Nevertheless, as European, Asian and other governments in the
Americas realize how important universities have become in the global innovation race and, indeed, in the race for national
competitiveness, the U.S. lead and advantage of absorptive capacity should not be taken for granted. Furthermore, as cultural
barriers to university involvement in commercial applications diminish, the American advantage seems likely to dissipate.

An important aspect of the university-based commercialization process that technology transfer office survey data doesn’t
capture is the numbers of successful large companies that grew from startups. The Amgens and Genentechs most differentiate
the economic impact of U.S. university-based biotechnology commercialization from other technology transfer efforts
around the world.

Advances in bio- and nanotechnology promise further improvements in health, quality of life and economic performance. A

fuller understanding of technology transfer process may accelerate the pace at which such benefits reach society at large. In
this spirit, we have attempted to contribute to that understanding and to provide the impetus for further investigation.
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Endnotes:

1. Itisinteresting to note that the April 2006 SSRN (Social Science Research Network) “Top Business School Rankings” lists Harvard
Business School as the top U.S. business school and the University of London’s London Business School as the top international business
school worldwide.

2. Refers to regular utility patents issued in the U.S. patent system. Other categories of U.S. patents, such as plant patents, design
patents, reissues and continuations, are not included. Regular utility patents are considered to be the key category in assessing patent
quality.

3. DeVol, Ross C., P. Wong, . Ki, A. Bedroussian and R. Koepp, America’s Biotech and Life Science Clusters: San Diego’s Position
and Economic Contribution, Santa Monica: Milken Institute.

4. http://www8.utsouthwestern.edu/home/research/index.html.

5. http://www.news.wisc.edu/packages/stemcells/thomson_bio.html.

6. DeVol, Ross, R. Koepp, L. Wallace, A. Bedroussian and D. Murphy, 7he Greater Philadelphia Life Sciences Cluster: An Economic
and Comparative Assessment, Santa Monica: Milken Institute

7. See Shane, Scott, Academic Entrepreneurship, (Northampton, MA: Edward Elgar Publishing Inc. 2004), for a thorough review
of the elements that make MIT and others successful.

8. Arundel, Anthony and Catalina Bordoy. 2006. “Final Report: The 2006 ASTP Survey,” produced for the Association of European
Science and Technology Transfer Professionals, June 7.
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Il. Introduction

Increasing entrepreneurship and the commercialization of research have created new roles for universities as engines of
economic development. Universities around the world have expanded their mission beyond that of basic research and
teaching to become places where knowledge fuels patent development, business collaborations and incubators for startups.

As university research feeds industrial innovation, the hybrid scientist-entrepreneur becomes less rare." Yet it is not
uncommon to find a persistent philosophical struggle beneath the mission statements of even those research-intensive
universities embracing this paradigm shift. Some university scientists may suffer pangs of conflict associated with increased
commercialization, and such reticence may in turn impede economic development. Others may fear that the patent filing
process will interfere with the ability to publish their findings. But as the Council on Governmental Relations maintains,
faculty members don’t have to choose “between patents and publications. Both are feasible and frequently desirable™ in the
competitive, highly stratified academic world of biotechnological science.

In this study, we examine the biotechnology innovation cycle taking place at universities, from knowledge creation to
technology transfer and early-stage commercialization. We define biotech commercialization as the end product of a
university’s innovation pipeline — the support infrastructure that enables a university to capitalize on its strengths in
biotech knowledge and creativity.

Our broader objectives seek to:

*  compare university technology transfer processes around the world;

* study those processes and returns to understand what characteristics lead to successful commercialization;
* advance interdisciplinary research in the field of technology transfer for many countries around the world,
* analyze and measure the role of the technology transfer office (OTT) in commercialization.

In most cases, the intellectual property (IP) derived from university research is transferred to the private sector for commercial
use via patents, licenses or know-how in return for financial considerations (research support, honoraria, consulting fees,
licensing income, options, joint venture agreements, royalties and equity).

Since implementation of the Bayh-Dole Act of 1980 and similar legislation enacted elsewhere around the world, innovation
has increasingly shifted to universities. They in turn have instituted incentives for their faculty researchers and have seen an
acceleration of the commercialization process. Other factors leading to successful commercialization include the creation of
technology transfer offices, government inducements and partnerships, new industry funding mechanisms, venture capital
outreach efforts and greater recognition of university-generated patents and products in the marketplace. Yet despite all this,
universities overall have not been as successful at marketing their research as many had originally hoped.

One of the principle objectives of our study was to investigate the role and measure the significance of technology transfer

offices in the commercialization process. Their performance has been studied from many perspectives, but we set out to
study OTT success in terms of revenues.
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In meeting our objectives, we developed specific innovation pipeline and outcome metrics of interest for the investor
community. Specifically, we:

* evaluate global university research quality/quantity through publication rankings;

* examine global biotech patenting activity, quality and impact;

*  assess early-stage commercialization success through various tech transfer outcome measures;

* hypothesize on the principal determinants of OTT commercialization, which include but are not limited to: a
Milken Institute Tech-Pole Index, capturing the absorptive capacity of technology transfer; research quality and its
importance in the OTT, as measured by research papers; and the returns on investment in the OTT (characterized
by the a labor cost index).

Economists have long sought patent value predictability models for such transfers. For example, while the emphasis on
blockbuster drugs may diminish (due to the increasing demand for personalized solutions), the knowledge of which
patents have the potential to lead to blockbuster drug development is significant to the allocation of resources by scientists,
investors, public policy-makers and university decision-makers. However, early patent value determination remains elusive.’
For this reason, interest is shifting from studying the numbers and impacts of patents and licenses per se to determining
value models from the “results” side, through the understanding of institutional variations in the range and efficiency of
technology transfer activities.

In this study, we use regression modeling techniques to assess the role of investments in human capital in the OTT. Robert
Shiller, economist and author of the best seller /rrational Exuberance, writes that “regression analysis is more art than
science. ... But a skilled practitioner can use it to tell how meaningful a correlation is,* and maybe even tell whether that
correlation indicates a causal relationship.” Within our econometric analysis, we also set out to capture what is specific to
universities (e.g., research culture, innovation ability and absorptive capacity). By controlling for fixed effects, we were able
to determine that investments into OTTs seem to generate high returns.

With the goal of advancing interdisciplinary research in the field of technology transfer for many countries around the
world — and creating a global study of the issue — we compared and evaluated the scientific strength of universities, as
measured by the quantity and quality of published research. Our goal was to see where universities around the world rank
in relation to their peers.

In terms of providing more useful information for the investor community, we developed metrics for evaluating early-stage
commercialization. In doing so, we created a university technology transfer and commercialization index for universities
worldwide.

In addition, we developed biotech-specific metrics for evaluating global university research quality, with respect to patenting
activity. We provide a ranking of universities worldwide where the intent was to capture the quantity and various quality
attributes of biotech patents.

In order to further understanding of academic entrepreneurial capitalism, we also provide brief overviews of nearly 30

countries, based on five determinants of commercialization: national innovation policy, funding and venture capital,
clusters of biotechnology, university tech transfer mechanisms and commercialization success via patenting and licensing,
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Endnotes:

1. Hicks, Diana, T. Breitzamn, D. Olivastro and K. Hamilton. 2001. “The Changing Composition of Innovative Activity in the U.S.:
A Portrait Based on Patent Analysis,” Research Policy. 30(4). See also: Owen-Smith, Jason, M. Riccaboni, £ Pammolli and W. Posell.
2002. “A Comparison of U.S. and European University-Industry Relations in the Life Sciences,” Management Science. 48. See also:
DeVol, Ross, Perry Wong, Armen Bedroussian, Lorna Wallace, J. Ki. Daniela Murphy and R. Koepp. 2004. Biopharmaceutical Industry
Contributions to State and U.S. Economies, Santa Monica: Milken Institute.

2. “University Technology Transfer Questions and Answers,” The Council on Governmental Relations. Nov. 30, 1993. http://www.
cogredu/docs/BayhDoleQA.htm.

3. Allison, John R., Lemley, Mark A., Moore, Kimberly A. and Trunkey, R. Derek, “Valuable Patents.” July 2003. George Mason
Law & Economics Research Paper No. 03-31; UC Berkeley Public Law Research Paper No. 133 Available at SSRN: http://sst.com/
abstract=426020. This article provides an excellent literature review on the quantification of patent value and offers a litigation model
for measurement.

4. Correlation s a statistical term that indicates whether variables in a model are related and/or “move together.”

5. Shiller, Robert]. 2005. frrational Exuberance, 2 ed., Princeton and Oxford: Princeton U. Press, p.163.
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Section 1
Methodology

Numerous factors — ranging from academic culture and public-policy constraints to industry dynamics — influence
the success of university biotechnology transfer. Only some of these are readily quantifiable; other empirical data for OTT
processes and outcomes may be limited in scope or inaccessible to outside researchers. To better understand the determinants
of successful university tech transfer, we devised a multi-pronged strategy incorporating a number of tools and statistical
databases to analyze and evaluate performance. We used two research methods:

*  primary research, including interviews with representatives of universities, public agencies and companies engaged in
tech transfer;

* secondary research, comprising a literature review and econometric analysis. Data are derived from government reports
and statistics, survey data, literature review findings, marketing tools, investor reports and online information.

The principal source of data on technology transfer processes for all industries is the Association of University Technology
Managers (AUTM).! We used the association’s survey, published annually since 1991, of technology licensing (and related)
performance for U.S. and Canadian academic and nonprofit institutions, as well as technology investment firms. We
also relied on AUTM-based reports using similar metrics in Australia; surveys conducted in the United Kingdom by The
University Companies Association (UNICO) and throughout Europe by the Association of European Science and Technology
Transfer Professionals (ASTP); and the databases of Thomson Scientific (SCI/SSCI/ACCI), the Swiss Center for Science and
Technology Studies (CEST) and ipIQ.

Limitations and Caveats

Measurement problems associated with national and international comparisons Some countries prohibit
of university biotech transfer processes make it difficult to determine the exact the release of “confidential”
extent of the commercialization of academic research. In some instances, university tech transfer data.

official reporting may undergo significant delays; elsewhere, current data may be
comprehensive, but access to historical data for benchmarking purposes is limited. Biotech-specific research funding and
technology transfer data are not extensively available from official sources.

Some countries prohibit the release of “confidential” university technology transfer data. The United Kingdom releases this
information only at the aggregate level, thereby effectively eliminating in-depth, inter-university comparative analysis. Still
other counties are either too early in the stage of national data collection or do not have the information at all.* Tn addition,
differing definitions of biotechnology among the nations studied, as well as varying methods of data compilation, do not
lend themselves to strict comparisons.

The listing of universities that we analyzed is incomplete, due to sporadically missing and disaggregated data. For example,

the University of Texas reports centralized tech transfer figures rather than data on each of its nine campuses.® In addition,
IP slippage (from researchers who leave academia altogether for entrepreneurialism, for instance) is difficult to ascertain,
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so that OTT-reported data may reflect a fraction, albeit a sizable one, of all commercialization activities.*
A possible statistical problem occurs because royalty income is measured on a cumulative rather than annual basis. In some
universities, licenses 10 years old are still earning income.

The statistical gathering restrictions force a caveat to all interpretations. However, despite these limitations, the available
data do provide a clear picture of the development and evolution of the commercialization of university research and present
a strong and novel basis for future research.

The United States accounts for about 70 percent of world medical R&D and 50 percent of global drug sales. As a consequence,
biotech activity is over-represented in the United States, since the U.S. share of world GDP is only slightly above 20 percent.
America’s influence as a driving force in the world’s biotech R&D anchors our analysis.

Measuring technology-based economic development gains is an imperfect science, given the time lag from initial investment
in university research to its profitable industrial application, which typically runs from three to seven years but can extend
longer.’ And because an OTT learns from institutional experience, its age may factor into success or productivity. Castillo,
Parker and Zilberman (2001) write that “technology diffusion causes license earnings to grow gradually, so younger OTTs
tend to lag significantly in their earnings relative to older OTTs.”®

The number of university patents issued in the United States for 2003, according to the U.S. Patent and Trade Office statistics,
totals 3,259.” AUTM survey-response data, however, discloses 3,933 patents issued.® Such differences are attributable, in part,
to varying definitions. Multiple university collaboration arrangements may also inflate the count.’ According to one OTT
staff member interviewed for this study, “OTTs tend to ‘over-patent’ to encourage good relations with faculty” — which
may help explain high OTT patenting activity, as well as possible low productivity, in that a lower proportion of patents is
likely to result in licensing deals.

AUTM data for startups may also be inflated because of duplicate recording. “When a startup is formed by faculty members
from two universities, each university tends to record it, which can lead to double counting,” said Scott Carter, Assistant
Director of Licensing at the California Institute of Technology OTT."” As such, analyzing the data over time, rather than for
a single year, may better reflect reality.

The commercialization of university biotech research has moved beyond geographic borders through foreign direct
investment, alliances, mergers and acquisitions, and now is truly global. Multinational enterprises routinely manufacture
offshore and look for research opportunities in less developed nations. We investigated commercialization processes in
30 countries. Biotechnological innovation and its diffusion in many underdeveloped countries are, however, outside of the
scope of our analysis. This is not to say that these nations do not have universities that are innovating. But innovation is
characterized by advanced business and governance conditions, a highly trained work force and sophisticated infrastructure,
all of which pose particular challenges in countries that continue to struggle with the ravages of war, insurgency,
unemployment, poverty and disease. Developing nations must provide the necessary medical, technical, financial, legal and
entrepreneurial environment to enable the commercialization of research.
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Section 2
Literature Review

In this section, we review the existing academic and practitioner literature, and discuss previous work on the performance
of university technology transfer offices. The wave of academic literature on university inventions that began shortly after
passage of the Bayh-Dole Act has largely addressed questions of viability, success, costs and benefits within various programs
and processes in individual countries or in small, cross-country comparisons. The research varies, from efficiency and
effectiveness comparisons to analyses seeking to determine causality. We hope this study— global in scope and comprehensive
at the disaggregated, individual university level — will add to the understanding.

Drawing upon interdisciplinary findings to advance previous work, this study also breaks novel ground in providing data
useful for the investor community (angel investors, venture capitalists (VCs), biopharmaceutical firms and other sources
of private equity). With increased transparency of tech transfer efficiencies, the investor community may be assisted in
directing investments where they have greater probability of success. Alternatively, this study may help identify where high-
quality research isn’t being fully leveraged for commercial applications, presenting opportunities for potential investors.

Economy-Wide Impact of University Research Activities

There is a strong dominance
of lifesciences and
biotechnology in OTT activities.

Thereexists afairly voluminous theoretical and empirical literature analyzing
the interaction between public and private financing of R&D." Some scholars
explore country-specific tech transfer activities, although relatively little
has been published on OTTs outside the United States, especially in Asia."
Studies that offer cross-country comparisons often benchmark performance against the United States.”® Some investigate
international comparisons beyond individual trading blocs.™

The choice of variables evaluated in the literature is also diverse," including the number of spin-offs and startups,'® patents,”
licenses,™ R&D expenditures and revenues. In addition, areas of focus may encompass public and/or private universities,
institutes” and collaborative organizations. Regrettably, analyses are often limited to broad-based generalizations.” In these
studies, data may be incomplete because of low survey response rates, insufficient access to information or data collected
for just a single year”" The biotech sectors explored are both broad and narrow, with definitions differing dramatically.**
“Owen-Smith and Powell (2001) show that technology transfer in the life sciences is substantially different than technology
transfer activities in the physical sciences.”*

Research indicates that patent activity has risen in U.S. universities during the past few decades, relative to the rest of the
economy. Henderson et al. document that during the period 19651988, patent growth was more rapid, and resulted in more
patents per research dollar, inside universities than elsewhere in the economy. A corresponding increase in the collaboration
between universities and outside institutions was also documented.> Mowery et al. attribute some of the increase in university
patenting activity to the increase in federal funding and research in the biomedical arena.” Allison et al. provide an excellent
literature review on the quantification of patent value and offer a litigation model for measurement.”
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Although these studies span several fields and industries, there is a strong dominance of life sciences and biotechnology in
OTT activities. Indeed, many studies document the dominant role of biotechnology in the university tech transfer process.

The initial public offering of a biotech startup is positively related to the involvement in the firm of a recognized researcher,
as measured by citations and Nobel Prizes. According to Stephan et al., every 1,000 citations bring an extra $11.3 million to
the IPO, and the association of a Nobel laureate attracts an additional $26.9 million.”” In another study, Zucker et al. find
that in Japan, for example, collaborations with certain university scientists improve a firm’s research, increasing patents by
34 percent, products in development by 27 percent and products on the market by 8 percent (from 1989 to 1990).% Kim et al.
find that the pharmaceutical industry in particular is capitalizing on university research by hiring inventors with university
institutional experience.” Finally, Bransetter et al., seeking to shed light on the “propensity to cite academic science” in the
1990s, find that “increased patenting in the bio nexus is, in a mechanical sense, the single most important driver of the
growth in patent citations over time.”* On the other hand, the passage of the Bayh-Dole Act provided an important incentive
to file for patents in the biotechnology area.

Technology Transfer Offices at Universities

Academics have paid relatively less attention to evaluating the impact and efficiency of OTTs in their ability to transfer and
commercialize university technology into the marketplace. The existing literature documents several patterns. The work by
Zucker et al. and Stephan et al. present evidence in support of “star” scientists, as measured by citation impact,” raising
the degree to which universities are involved in the commercialization process. As citations are highly concentrated in any
academic profession, these star scientists are a scarce commodity, usually working at the most well-known universities.*
We also found, in the course of this study, that a few select universities are responsible for the majority of commercialized
revenue, a statistic consistent with the conclusions drawn about the importance of star scientists and absorptive capacity of
locations.

Many previous studies find the age of OTTs important to commercialization success. An age effect may potentially represent
a better network of the university and thereby a superior ability in serving as a matchmaker between sellers and buyers of
[P However, caution should be raised in interpreting age effects, as they may be correlated with the talent of the faculty
in generating IP. Indeed, many of the universities that first opened OTTs also had the highest immediate returns to their
offices.

Studying the performance of OTTs in Britain, Chapple et al. note generally low efficiency levels, with better performance
in regions of higher R&D and GDP levels. OTT age and university size negatively affect efficiency, they conclude, implying
the absence of learning effects and fewer patentable inventions as a university becomes larger and more diversified. They
suggest that smaller universities may have an advantage because they focus on specialized research areas, while large
universities attempt to provide broader-based support. Additionally, it is postulated that older OTTs are staffed by personnel
without much private-sector experience, which hinders their performance.
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Cesaroni and Piccaluga find that due to “differences in terms of social rules and

cultures between for-profit firms and nonprofit research organizations, the latter often Research suggests .that
suffer from lower bargaining power,” suggesting that “research organizations often aresearcher’s continued
need to reach a sizable ‘critical mass’ before having acquired sufficient experience involvement in a licensing
in contracting.”* Cooper, in a comparative study using AUTM data, found that 15 deal contributes to the
Canadian universities, when matched to their U.S. counterparts by levels of R&D success of that deal.
expenditures, have considerably greater outputs in seven of eight commercialization

and technology transfer metrics, such as startups.*

In the technology transfer field, Thursby research is perhaps the most prolific. Marie Thursby and husband Jerry Thursby,
along with various co-authors, have studied university commercialization for more than a decade.” Thursby et al. find in
their 2005 study of faculty in six major research universities that over the past two decades, the probability that a faculty
member will disclose an invention (as measured by licensing) increased tenfold, while research productivity (as measured
by publications in basic journals) remained constant.®

Lach and Schankerman discuss the hypothesis that universities providing their faculty with greater rewards (as measured
by the amount of royalty income allocated to the inventor) for participating in tech transfer activities will experience higher
output, in terms of licenses and Licensing Income. They conclude that their hypothesis is correct and offer two possible
explanations: the phenomenon known as sorting (universities with better incentives for inventions attract more productive
scientists); and an increased effort by scientists already employed by the university to earn the more lucrative rewards.”
Freidman and Silberman also address the concept of incentives as motivation in university licensing activities. While their
results are not as strong as anticipated, they do suggest that a faculty researcher’s continued involvement in a licensing
deal contributes to the success of that deal, and that the additional involvement translates into higher compensation for the
researcher. “* The report uses the Milken Institute Tech-Pole Index*! as an input measure.

Some U.S. studies (including Coupé and Mowery et al.) attempt to isolate the effects of the changes in incentives for technology
transfer generated by the Bayh-Dole Act.* However, it is difficult to separate out the effect of this law from the general time
trend affecting commercialization incentives — the law changed incentives for all U.S. universities simultaneously, making
the independent variation of the law from the general time trend difficult to achieve.

Recent research by Chukumba and Jensen using U.S. data from AUTM, the National Venture Capital Association Yearbook
and the National Research Council finds that “inventor quality and measures of past TTO success (age, the number of
disclosures, gross royalties) are all positively and significantly related to the number of licenses to both start-ups and
established firms” and that “start-up activity is positively and significantly related to the S&P 500, but negatively and
significantly related to the interest rate and rate of return to venture capital.”

Econometric studies that control for unobserved fixed effects of universities — for example, the history, research culture or
commercial talent of the faculty at the university — are limited in number. This is important because when such factors
are correlated with the output and input measures of an OTT (for example, by more talented faculties driving both more
input use and higher outputs), the separate effects are confounded. Lockemann notes that much has been written on
statistical measures and results that judge the success of institutions, but little on what makes individuals and institutions
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tick or on the major motivations and forces that drive the transfer process. His
) . L paper begins to answer these questions, but more so by anecdotal evidence than
third of U.S. university-issued by empirical study.* Matkin’s book, Zechnology Transfer and the University, is a
patents and |.1a If o.f u n.iverSity comprehensive collection of data and close observation of tech transfer experiences
licensing income. of four selected universities — UC Berkley, MIT, Penn State and Stanford — that
helps shed light on how universities approach technology transfer differently.
Rigorous research by Maryanne Feldman on Johns Hopkins contributes to understanding of this specific university and how

its approach differs because of the clinical focus of most of its NIH funding.

Ten schools accounted for a

But how profitable is university biotech commercialization? Research shows that “license fees rarely reach into the six
figures for a single patent and more often range from a few thousand to a few tens of thousands of dollars. Royalty rates
range from less than 1 percent (for some process technologies) to perhaps 8 percent (for a patented compound with a
significant market). The majority of royalty rates are in the 3 percent to 6 percent range, based on net sales.”"’

Based upon the AUTM survey, in the United States in 2003, just 10 schools accounted for approximately a third of all
U.S. university-issued patents and nearly half of all university Licensing Income (see the list below). The revenues derived
from licensing university intellectual property are heavily concentrated on a few of the top income-producing licenses. For
example, a study by Thursby claims that on average, 76 percent of license income is attributable to the university’s top five
inventions. Consequently, the distribution of royalty revenues is somewhat skewed.*

Top 10 U.S. Universities, 2003

Licensing Income Patents Issued
Rank University Rank University

1 New York University 1 California Institute of Technology
2 Stanford University 2 Massachusetts Institute of Technology
3 University of Minnesota 3 Stanford University
4 University of Wisconsin 4 Johns Hopkins University
5 University of Florida 5 University of Wisconsin
6 University of California, San Francisco 6 University of California, San Francisco
7 University of Washington 7 University of Chicago
8 Massachusetts Institute of Technology 8 University of Michigan
9 University of Rochester 9 Harvard University

10 California Institute of Technology 10 Penn State University

Sources: AUTM, UC Tech Transfer Annual Report, Milken Institute

Universities may indeed be motivated by the hope that they will develop a product or compound that brings them the
phenomenal licensing success Gatorade has generated for the University of Florida. And while critics may caution that
commercialization goals will stifle research, success stories like Gatorade, Rituxan and Taxol communicate to universities
that research can be applied to benefit in the real world and that innovation costs can be partially recovered in the marketplace.
University commercialization success isn’t uniform or unqualified, but most standard rate-of-return calculations miss
other important considerations, such as social returns. By undertaking basic medical research and promoting translational
adaptations, universities are assisting in providing treatments and cures for chronic and debilitating diseases. Universities
receive the bulk of their funding from public sources, and the social benefits must factor into the rate of returns for a truly
complete measure.
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The Missing Investor Perspective

Though the literature enables greater understanding of many of the issues involved in biotech transfer, there is a dearth
of analysis from the private investor perspective — the economic returns of these offices. In particular, there is a lack of
understanding of how many dollars are forfeited or brought back to the university for every additional dollar invested in its
OTT.

Often the unit of analysis is not standardized across inputs and outputs, and these measures have not been both monetized.
This makes previous analysis difficult to use, in terms of focusing investment capital toward intellectual property from
institutions with the highest rate of returns. Our report is the first to document the levels of returns on technology
transfer activities at individual universities, in terms of university-specific performance data and the importance of other
individual causal factors, such as research quality and geographic location, which might impact the probability of research
commercialization.
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Section 3

Econometric Analysis

Part 1: Data Introduction

The main source for our econometric analysis comes from our evaluation of AUTM survey data collected from U.S. universities.
The 2003 survey overall response rate was 62 percent, with 165 universities participating, Among the top 100 research
universities, the response rate increased from 66 percent in 1992 to 96 percent in 2003. The AUTM data are supplemented
with Milken Institute measures we have created in other high-technology studies.

It is important to note that AUTM data are not directly comparable from year to year. Several variables, including Licensing
Income, were not collected prior to 1996. Therefore, this study addresses the period from 1996 to 2003. (The 2004 data
were not available until our econometric analysis was largely completed; however, we were able to incorporate the figures
into the “Innovation Pipeline” chapter of this report. It is unlikely that their inclusion would change results in any
meaningful way.)

The two tables below contain summary statistics for the variables we considered in our analysis, divided into two groups
— Output Measures (dependent variables) and Input Measures (independent variables). The first table displays descriptive
statistics for all 81 university OTTs used in our analysis, whereas the second table isolates those 21 that are biotech-intensive.
There were definitional changes in the survey beginning in 1996 that make prior data incomparable and necessitate their
exclusion from the econometric analysis. Additionally, only 81 universities continuously reported their data since 1996.

Descriptive Statistics - General Sample
U.S., 1996-2003, n=81

Mean Median Maximum Minimum S.D. Skewness
Output Measures
Licensing Income 6,386,311 2,034,585 80,059,260 1,978 11,137,966 3.2
Licenses Executed 30 16 287 0 36 2.5
Running Royalties 4,269,654 902,373 67,391,590 0 8,583,743 3.5
Startups 3 2 31 0 4 3.1
Input Measures
Labor Cost 332,469 246,899 1,715,700 0 284,958 1.9
Age of OTT 17 14 78 0 13 25
MI Tech-Pole Index 9 3 100 0 15 3.2
Research Papers 48 47 100 29 11 1.1
Invention Disclosures 93 73 504 2 83 1.8
Exclusive Share 0.6 0.6 1.0 0.0 0.3 -0.2

Sources: AUTM, CEST, Milken Institute

Descriptive Statistics - Biotech Intensive Sample
U.S., 1996-2003, n=21

Mean Median Maximum Minimum S.D. Skewness
Output Measures
Licensing Income 12,988,618 7,526,251 80,059,260 107,487 14,100,550 1.8
Licenses Executed 52 44 177 1 40 1.1
Running Royalties 8,956,600 3,927,518 48,791,144 0 10,935,603 1.5
Startups 5 3 31 0 5 2.1
Input Measures
Labor Cost 572,665 504,923 1,692,240 5,397 348,082 1.0
Age of OTT 23 18 78 4 17 1.8
MI Tech-Pole Index 16 11 100 0 22 2.8
Research Papers 59 59 100 37 12 1.3
Invention Disclosures 163 138 504 9 111 1.0
Exclusive Share 0.5 0.5 1.0 0.1 0.2 0.1

Sources: AUTM, CEST, iplQ, Milken Institute
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Output Measures

The AUTM survey collects output and inputs for each year observed; but the Milken Institute Tech-Pole Index and our
Research Paper variable, created with data from the Swiss Center for Science and Technology Studies (CEST) and Thomson
Scientific, are Input Measures. The top portion of each of the tables on the preceding page displays the measures of output or
performance outcomes used. These include: total Licensing Income received, the number of License agreements Executed
(exclusive and nonexclusive), Running Royalties and Startup formation.

Licensing Income includes running royalties, upfront payments, cashed-in-equity and payments under options.
Licenses Executed include the number of license agreements executed in a specified year. Running Royalties
represent the continuing stream of income that a university receives for inventions. Other forms of Licensing Income are
characterized by a one-time only payment.

Licensing Income and Licenses Executed may pose different behavioral characteristics. The measure of Licenses Executed
provides a more contemporaneous effect, while Licensing Income is measured cumulatively over time. It should be
understood that the dependent variable Licensing Income includes the time lags in the effects of inputs on outputs (there is
asignificant time lag between when a license is executed and the time it actually generates revenue) and the relatively short
eight-year span of data we analyze. Additionally, some licenses are classified as either exclusive or nonexclusive. An exclusive
license doesn’t allow any other firm to utilize the university intellectual property.

Startup Formation applies to the establishment of companies dependent upon a university’s technology for initiation.
Startups that originate internally, i.e., through a network of faculty or inventors, provide a measure of a university’s capacity
to innovate.

We use some of these raw Output Measures at the different stages of commercialization to compute performance, such as the
conditional probabilities of the share of disclosures that become patent applications; the share of patent applications that
become patents; and the share of patents that become licensing contracts. In essence, we deconstruct the process by working
backward from Output Measures to the sequential stages preceding them. The OTT may raise these conditional probabilities
as more inputs are utilized.

Input Measures

The lower sections of the above tables display the Input Measures we identified to determine the performance of the OTTs:
labor costs, for example, and age of the OTT.

The Labor Cost portrays the staffing costs associated with running a university tech transfer office. It may also serve
as a proxy for a university’s budget or monetary commitment to technology transfer. Because commercialization is very
labor-intensive, most expenditures are captured this way, with other capital and land costs likely to be of minor importance.
Unfortunately, no cost or budget data are available from AUTM for the OTTs in our sample. Therefore, we measured various
other costs associated with the operations of the OTT — such as number of FTEs — and compiled them into a Labor Cost
Index, based on Bureau of Labor Statistics (BLS) wage data.
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Data are available for FTEs whose main responsibilities include licensing and The age of the tech
patenting, as well as for those who operate in support roles, such as administrative
staff. “Professional” and “other” FTEs are highly correlated and therefore were not
introduced as separate explanatory variables in our model. To correct for this, we
transform the unique FTE, using national wage data from the BLS into the total
Labor Cost:

transfer office accounts for
institutional experience
as a matchmaker between
academia and industry.

labor costindex =licensed FTE * wage for license FTE + support FTE * wage for support
FTE)

Although the labor cost index may not explain much about the quality of the OTT, it does explain the benefit of Licensing
Income when hiring additional FTEs.

We determine the Age of the OTT according to AUTM survey responses for a program start date, which refers to the year
in which a professional position was devoted to technology transfer activities at least 50 percent of the time. It is important
to keep in perspective that some universities engaged in commercialization even before they opened tech transfer offices.
However, the age of the tech transfer office is important because it accounts for an OTTs institutional experience in acting
as a matchmaker between academia and industry.

Additional Input Measures used in our model include the Milken Institute Tech-Pole Index, which captures
the absorptive capacity of technology transfer within a metropolitan area. The Milken Institute’s (MI) Tech-Pole Index is
defined as the product of two significant measures: high-tech concentration (characterized by vertical density) and breadth
of high-tech activity (characterized by horizontal depth). High-tech concentration, often referred to as a location quotient
(LQ), is represented by the relative size of high-tech employment, as well as high-tech industry output, in the local economy,
compared to the U.S. average.” Horizontal depth, on the other hand, is examined by the proportion of high-tech employment
or output in a metro versus the nation. From these two components, we derive our MI Tech-Pole Index.

It is also important to note that two composite indexes were compiled for this measure: one based in terms of employment
(EMP) and another in terms of output (GDP), leading us to arrive at a “combined” composite index (MI Tech-Pole Index).
A table of the top 50 metros in the 2003 Milken Institute Tech-Poles Index (as ranked by the Combined Composite Index)
follows.

[a3 ]



Empirical Analysis: Econometric Analysis: Data Introduction Mind-to-Market

Milken Institute Tech-Pole Index

Top 50, 2003
Combined Composite Index GDP Composite Index EMP Composite Index

Rank Metro Index Metro Score _Index_ Metro Score _Index
1 San Jose, CA 100 San Jose, CA 17.39 100 San Jose, CA 14.82 100
2 Washington, DC-MD-VA-VW 54.027 | Washington, DC-MD-VA-WV 8.97 51.581 Washington, DC-MD-VA-WV 8.369 56.472
3 Seattle-Bellevue-Everett, WA 42.061 Portland-Vancouver, OR-WA 7.534 43.326 Los Angeles-Long Beach, CA 7.191 48.522
4 Los Angeles-Long Beach, CA 40.049 Seattle-Bellevue-Everett, WA 7.355 42.296 Boston, MA 6.357 42.895
5 Boston, MA 32.87 Dallas, TX 6.666 38.332 Seattle-Bellevue-Everett, WA 6.199 41.825
6 Dallas, TX 32.445 Los Angeles-Long Beach, CA 5.491 31.577 Dallas, TX 3.936 26.559
7 Portland-Vancouver, OR-WA 26.906  Phoenix-Mesa, AZ 4.416 25.394 Orange County, CA 2.952 19.919
8 Phoenix-Mesa, AZ 18.82 Boston, MA 3.973 22.846 San Diego, CA 2.872 19.378
9 Atlanta, GA 16.05| Albuquerque, NM 3.492 20.078 Chicago, IL 2.85 19.231
10 Chicago, IL 15.93 Atlanta, GA 2.676 15.388 Philadelphia, PA-NJ 2.71 18.289
11 Philadelphia, PA-NJ 15.148  Austin-San Marcos, TX 2.235 12.85 New York-Newark, NY-NJ-PA 2.612 17.623
12 Orange County, CA 15.116  Chicago, IL 2196 12.629 Atlanta, GA 2477 16.711
13 San Diego, CA 14.688 Denver, CO 2.155 12.389 Detroit, Ml 2443 16.483
14 San Francisco, CA 13.682 Philadelphia, PA-NJ 2.088 12.008 San Francisco, CA 2.301 15.526
15 New York-Newark, NY-NJ-PA 13.302 San Francisco, CA 2.059 11.838 Denver, CO 1.924 12.982
16 Albuquerque, NM 13.302 Boise City 2.04 11.731 Raleigh-Durham-Chapel Hill, NC 1.9 12.821
17 Denver, CO 12.686 Newark, NJ 1.959 11.266 Oakland, CA 1.891 12.76
18 Detroit, MI 12.146  Raleigh-Durham-Chapel Hill, NC 1.907 10.968 Minneapolis-St. Paul, MN-W| 1.853 12.501
19 Austin-San Marcos 12.105 Oakland, CA 1.795 10.323 Houston, TX 1.823 12.302
20 Raleigh-Durham-Chapel Hill, NC 11.894 Orange County, CA 1.794 10.314 Phoenix-Mesa, AZ 1.815 12.247
21 Oakland, CA 11.541 Middlesex-Somerset-Hunterdon, NJ 1.761 10.128 Austin-San Marcos, TX 1.684 11.36
22 Houston, TX 10.931  San Diego, CA 1.739 9.999 Middlesex-Somerset-Hunterdon, NJ 1.656 11.174
23 Newark, NJ 10.661 Houston, TX 1.663 9.56  Huntsville, AL 1.579 10.656
24 Middlesex-Somerset-Hunterdon, NJ 10.651 Kansas City, MO-KS 1.648 9.476 Portland-Vancouver, OR-WA 1.554 10.486
25 Boulder-Longmont, CO 9.538 New York-Newark, NY-NJ-PA 1.562 8.982 Boulder-Longmont, CO 1.522 10.271
26 Minneapolis-St. Paul, MN-WI 9.469 Boulder-Longmont, CO 1.531 8.805 Newark, NJ 1.49 10.057
27 Kansas City, MO-KS 8.36 Indianapolis, IN 1.367 7.861 Wichita, KS 1.49 10.051
28 Wichita, KS 7.681 Detroit, MI 1.358 7.808 New Haven- Bridgeport-Stamford, CT 1.213 8.182
29 Boise City, ID 7.367 Minneapolis-St. Paul, MN-WI 1.119 6.436 Baltimore, MD 1123 7.579
30 Huntsville, AL 6.708 Fort Worth-Arlington, TX 1.006 5.787 Kansas City, MO-KS 1.074 7.244
31 Indianapolis, IN 6.481 Wichita, KS 0.923 5.31 Tampa-St. Petersburg-Clearwater, FL 1.019 6.877
32 New Haven-Bridgeport-Stamford 6.437 | Baltimore, MD 0.911  5.237 Albuquerque, NM 0.967 6.526
33 Baltimore, MD 6.408 Nassau-Suffolk, NY 0.834 4.797 Nassau-Suffolk, NY 0.94 6.343
34 Fort Worth-Arlington, TX 5.964 | Colorado Springs, CO 0.817 4.699 Fort Worth-Arlington, TX 091 6.142
35 Nassau-Suffolk, NY 5.57 New Haven-Bridgeport-Stamford, CT 0.816  4.692 Salt Lake City-Ogden, UT 0.903 6.093
36 Colorado Springs, CO 5.278 Tucson, AZ 0.753  4.328 Colorado Springs, CO 0.868 5.857
37 Tampa-St. Petersburg-Clearwater, FL 5.192 Ventura, CA 0.667 3.835 St. Louis, MO-IL 0.828 5.588
38 Rochester, NY 4.366 Tampa-St. Petersburg-Clearwater, FL 0.61 3.506 Rochester, NY 0.818 5.518
39 Pittsburgh, PA 4.283 | Pittsburg, PA 0.596 3.429 Melbourne-Titusville-Palm Bay, FL 0.779 5.254
40 Ventura, CA 4.174 Sacramento, CA 0.596 3.427 Pittsburg, PA 0.761 5.138
41 St. Louis, MO-IL 4.102 Rochester, NY 0.559 3.214 Indianapolis, IN 0.756 5.101
42 Tucson, AZ 4.085 San Antonio, TX 0.539 3.099 Ventura, CA 0.669 4.513
43 Salt Lake City-Ogden, UT 3.919 Huntsville, AL 0.48 2.76  Cincinnati, OH-KY-IN 0.631 4.254
44 Sacramento, CA 3.651 Bergen-Passaic, NJ 0.478 2.715 Orlando, FL 0.598 4.035
45 Melbourne-Titusville-Palm Bay, FL 3.22  St. Louis, MO-IL 0.455 2.616 Columbus, OH 0.577 3.891
46 Bergen-Passaic, NJ 3.131 Monmouth-Ocean, NJ 0.384 2.209 Sacramento, CA 0.574 3.874
47 Cincinnati, OH-KY-IN 3.051 Miami, FL 0.372  2.141 Tucson, AZ 0.569 3.842
48 San Antonio, TX 3.005 Cincinnati, OH-KY-IN 0.321  1.847 Hartford, CT 0.561 3.785
49 Orlando, FL 2.834 Hartford, CT 0.316  1.817 Milwaukee-Waukesha, WI 0.522 3.522
50 Hartford, CT 2.801 Salt Lake City-Ogden, UT 0.303  1.745 Bergen-Passaic, NJ 0.52 3.51

The 2003 MI Tech-Pole Index tables show that the San Jose, Calif., metro ranks first on the index, thanks to Silicon Valley’s
dominance as a high-tech center. A GDP composite index score of 17.4 means that San Jose is practically twice as important
as Washington, D.C., metro area, in terms of high-tech output. Out of the 315 metros ranked in 2003, Washington, D.C.,
finished second, with a GDP composite index score of 9.0. Similarly, an employment composite index score of 14.8 means
that San Jose is nearly twice as important as Washington, D.C., in terms of employment, which again ranks second, with a
score of 8.4. On the combined composite index, which has been rebased to the top-scoring metro equaling 100, the top five
rankings are: San Jose; Washington, D.C.; Seattle; Los Angeles; and Boston. Finally, if a university wasn’t located in one of
the metros ranked, the score for the nearest metro (as measured by distance in miles) was included.

The input variable Research Papers captures the quality of research at a university, as measured by data on the
number of publications and citations for all academic papers, and those specific to biotechnology. This data is compiled
from the Center for Science and Technology Studies (CEST) and Thomson Scientific, which includes 683 universities around
the world from 1998 to 2002. A university must have at least 50 publications over the five-year period in internationally
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recognized scientific journals (please see the “Innovation Pipeline” chapter for a more detailed description). Universities
are ranked according to three indicators:

1. Number of Publications: A size indicator that reflects the absolute number of university publications.

2. Activity: A concentration indicator, measured by the number of publications in specific subfields as a percentage
of a university’s total publications, divided by the world’s publications in that subfield, as a share of the world’s total
publications.

3. Impact: A quality indicator that reflects the number of citations of a university in a specific subfield as a
percentage of the number of the university’s total publications in that field, divided by the total citations worldwide in
the specific field, as a share of the world’s total publications in that field.

In our econometric model, each U.S. university is benchmarked to the top-ranked university that earns a score of 100. We
test to see whether a greater number of biotech publications leads to increased Licensing Income and/or patents issued. We
also investigate the correlation between the quality of research and running royalties.

Invention Disclosures includes the total number of disclosures, as counted by an OTT. Disclosures often lead to filed
patents. A U.S. patent application filed may include provisional applications, new filings and reissues. Once approved by the

USPTO, the filed patent becomes a U.S. patent issued.

The Exclusive Share of Licenses Executed represents the percentage of all a university’s licenses that are exclusive to
one company.
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Part 2: Basic Features of the AUTM Data

In this section, we discuss some salient features of the AUTM data.

Basic Time Trends

We used AUTM data for the United States and Canada (1996—2003 inclusive), as well as AUTM-based reports for Australia
(2000—-2002), to create the following bar graphs. All variables are normalized per billion dollars of research expenditures.
For each display of these trends, we summarize the most salient features of the changes over time.

Invention Disclosures

The number of invention disclosures per billion dollars of research expenditures has stayed relatively stable in the
United States from 1996 to 2003, hovering between 363 and 395.

Canadian universities recorded a significantly higher number of invention disclosures, compared to U.S. universities
— between 499 and a high of 667, which was recorded in 1998. Despite the higher invention disclosure rates,
however, Canadian universities were awarded fewer patents per billion dollars of research expenditures, compared
to the United States.

Invention disclosure rates at Australian universities were closer to those at U.S. universities. In 2000, on average,
there were 294 invention disclosures filed in Australian universities. In 2001 the number rose to 387 but fell to 320
in 2002.

Invention Disclosures
Yearly Average, 1996-2003

Normalized per US$ Billion Research Expenditures
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Patents Issued

In 1996, 78 patents (on average) per billion dollars of research expenditures were issued to U.S. universities,
increasing during the high-tech boom. After reaching a high of 118 in 1999, the number declined slightly through
2002, picking up again in 2003, with an average of 99 patents issued.

The average number of patents issued to Canadian universities was below that of U.S. universities for all but
three years. In 1999, Canadian universities were issued 140 patents per billion dollars of research expenditures,
compared to 118 in the United States. By 2003, both countries’ universities issued fewer patents, with a U.S. average
of 98, and 84 for Canada.
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No clear pattern can be established in the number of patents issued to Australian universities, based on the available
data. Interesting, however, is that in 2000, the highest average number of patents issued per billion dollars of
research expenditures occurred in Australia. At 135, the number was nearly twice as high as the number of patents
issued in 2001 and 2002.

Patents Issued
Yearly Average, 1996-2003

Normalized per US$ Billion Research Expenditures
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Licensing Income

Despite the lower number of FTEs per billion dollars of research expenditures, U.S. universities achieved better
commercialization success than their Canadian counterparts. Average Licensing Income per billion dollars of
research expenditures exceeded $17 million in 1996, peaking at $34.5 million in 2000. Licensing Income declined
through the early 2000s, approaching the 1998 level in 2003.

Licensing Income at Canadian universities showed little variation from 1996 to 2003, with the exception of 2001,
when it peaked at $22 million per billion dollars of research expenditures.

In 2000, average Licensing Income at Australian universities was slightly over $31 million, nearly twice as high as

it was in 2001 and 2002.

Licensing Income
Yearly Average in US$ Millions, 1996-2003

Normalized per US$ Billion Research Expenditures
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FTEs (Licensing and Others)

*  The average number of FTEs per billion dollars in research expenditures in U.S. universities grew steadily over the
19962003 period, increasing from 25 to 35.

* In Canadian universities, the average number of FTEs was nearly three times that of the United States.

*  Little can be said about Australian universities and associated FTE staff; data prior to 2000 wasn’t collected in a
systematic fashion. However, analysis of the available data shows that on a normalized basis, the average number
of FTEs at Australian universities increased steadily and has been much higher than at U.S. universities. In 2001,
the average number of FTEs per billion dollars of research expenditures exceeded that at both U.S. and Canadian
universities.

FTEs (Licensing and Other)
Yearly Average, 1996-2003

Normalized per US$ Billion Research Expenditures
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Startups

* In the years 1996—2003, the number of startups per billion dollars of Research Expenditures in U.S. universities
ranged from eight in 1996 to a high of 13 in 2000. The number of startups in 2003 dropped to the 1996 level.

e Startup formation from Canadian universities was significantly higher than in U.S. universities. In 1996, the
number of startups was nearly five times that of U.S. universities. The number peaked in 1997, reaching 52,
then declined to 27 in 2003, the lowest level in the analyzed period. However, this doesn’t capture the quality of
Canadian startups, which is the survival rate and the number of startups that grow into large firms.

* In Australia, the number of startups normalized per billion dollars of research expenditures reached a high of 31
in 2001 and declined to 26 in 2002.

Startups
Yearly Average, 1996-2003

Normalized per US$ Billion Research Expenditures
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Concentrations of Innovation Activity Across U.S. Universities

It is well known that innovative returns are highly skewed, in the sense that only a fraction of patents and disclosures end
up having any economic value. This section documents that it is also true that the location of innovation is highly skewed:
a handful of top universities are responsible for the majority of commercialization. Unlike the skewness in returns across
patents, this is not due to chance or ex ante uncertainty, as the same universities year after year generate the bulk of the
aggregate commercialization activity.

In addition, skewness in outputs is often larger than in inputs across universities, suggesting that there may be some
economies of scale or value in specialization in the commercialization process; productivity of the OTT may be higher in
the places where the level of innovative activity is higher. Because our sample of 81 universities contains the top research
universities, the skewness across all U.S. universities is even larger.

The following graphs display this remarkable concentration in activity among the top U.S. universities across several input
and output measures. The share of the aggregate value (the summation across all 81 universities for which there is data
from 1996 to 2003) variable (y-axis) attributable to the deciles of highest-ranking universities of that measure (x-axis) is
shown. For example, the top 10 percent of universities are responsible for about 30 percent of all FTEs in the sample and
about half the Licensing Income in 1996 and 2003.
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U.S. Skewness Graph
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As evidenced by these graphs, both inputs and outputs are highly skewed in the top U.S. universities in both years.

*  In1996, MIT employed 23 FTEs, the most among U.S. universities, followed by Stanford with 19.5 FTEs. More than
30 percent of the FTEs employed at U.S. universities were concentrated in the top 10 percent of our sample. The top
20 percent of U.S. universities employed 197 FTEs in 1996, accounting for half of all university FTEs.

* In 2003, the University of Washington employed 45 workers in its technology transfer office, ranking first among
the 81 universities sampled. Again, the top 10 percent of U.S. universities (with respect to FTEs) accounted for
30 percent of all FTEs working in university OTTs. While the number of FTEs employed in the top 20 percent of
U.S. universities rose from 197 to 387 in the period 1996—2003, the relative distribution among the universities
remained virtually the same.

* In 1996 and 2003, Johns Hopkins University and MIT reported the highest research expenditures. The 18 top U.S.
universities (or top 22 percent) accounted for nearly 60 percent of research expenditures in 1996 and 2003.

* In 1996, approximately 53 percent of all university-generated Licensing Income was attributable to the top 10
percent of all U.S. universities in our sample. With $51 million, Stanford received the largest share of Licensing
Income in 1996.

* In 2003, Licensing Income generated at Stanford remained the highest in our sample, despite its decline to $45
million.

* Licensing Income at the top 10 percent of U.S. universities increased from $§147 million in 1996 to $265 million in
2003. However, in 2003, the top 10 percent of U.S. universities accounted for 42 percent of the university-generated
total Licensing Income, down from 52 percent in 1996.

*  The distribution of patents issued did not change significantly from 1996 to 2003. In 1996, there were 427 patents
issued to the top 10 percent of U.S. universities — 113 of them to MIT. In 2003, Caltech received 169 patents,
accounting for 7 percent of total U.S. university patents issued that year.
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Part 3: Econometric Model: Determinants of Performance

For the econometric evaluation of university tech transfer, we used statistics for 81 American universities. A majority of
the data was obtained from the annual AUTM surveys 1996 to 2003, while we created some exogenous variables, using
alternative data sources. For each of the Output Measures — Licensing Income, licensing executed, running royalties and
startup formation — we estimated four different types of specifications:

*  Model 1 and Model 2 represent the specifications for the data set including all 81 universities (referred to as the
“general” data set).

*  Model 3 and Model 4 depict a subset of the 81 universities: 21 biotech-intensive schools, whose inclusion is based
on ipIQ patent data.

In Models 1 and 3, we used variables derived by the Milken Institute — tech poles and research papers. Models 2 and 4
used fixed effects only. Fixed-effect models are used to lump all other non-specified variables together, allowing estimates
of separately introduced variables to be measured. This setup allows for clear comparison between Milken variables and the
fixed effects. The variables allow us to objectively quantify some of the subtle differences among universities and attribute
them to specific characteristics.

Licensing Income

Licensing Income illustrates returns as a dollar value. Licensing Income includes running royalties (representing the
continuing stream of income) and one-time payments, such as up-front payments, milestone payments, cashed-in equity
etc., which a university receives for inventions. Because this variable includes one-time only payments, it tends to be a
somewhat cyclical stream. During the dotcom and tech boom in the late 1990s and 2000, the cashed-in equity was very

large at several universities.

Dependent Variable: Licensing Income
Sample Period 1996 to 2003

Model 1 Model 2 Model 3 Model 4
General General Biotech Biotech
Fixed Effects Fixed Effects
6.04*** 10.74*** 8.339**
Labor Cost (1.78) (2.324) (3.840)
228,148.7** 205,228.1 418,772.8*** 528,683.3
Age of OTT (64,652.53) (139,145.7) (47,727.25) (347,971.3)
210,312.7%* 360,748**
MI Tech-Pole (53,346.99) (35,546.81)
Research 171,195.8** 170,151.9**
Papers (83,420.93) (67,573.92)
0.8075*** 0.5265***
AR(1) (0.026) (0.070)
Sample Size 567 648 147 168
R-Squared 0.917 0.760665 0.924 0.797912
Akaike Info Criterion 32.9354 34.11435 33.38046 34.43011
Schwartz Criterion 33.07319 34.6874 33.62458 34.8578
F-Stat 358.7621 21.8989 149.2506 26.02312
Durbin-Watson Stat 1.78569 1.63068 2.215553 1.721447

*** Statistically significant at the 1 percent level or better
** Statistically significant at the 5 percent level or better
Note: General Sample Observations=648, Biotech Sample Observations=168
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The accompanying graph shows the actual versus fitted values from our Licensing Income Model 1, general sample, statistical
analysis for 2003. Keep in mind that we performed these tests on longitudinal data from 1996 to 2003. The 2003 cross section
gives an illustration of how accurately the model explains variation in Licensing Income between U.S. universities that can
be attributed to specific factors.

University Licensing Income
Actual vs. Fitted, 2003
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The following independent variables were tested in explaining variation in Licensing Income:

Variables:

* Labor Cost issignificant for all but Model 3 — (biotech-intensive, non-fixed effects), which may be because the
OTT office generally played a less significant role at biotech-intensive universities — perhaps reflecting industry’s
keen interest during the 19962003 period in biotech inventions. For every $1 invested in OTT staff, the university
receives a little more than $6 in Licensing Income. Using salaries obtained from the national Bureau of Labor
Statistics for 2003, one additional licensing FTE added $385,231 of Licensing Income; and each administrative
FTE generated $170,690 of Licensing Income. Model 2 (general fixed effects) behaves in a similar way: for each
$1 invested in OTT staff, Licensing Income increased by nearly $11 at U.S. universities generally, and based upon
Model 4, by over $8 at those that are biotech-intensive.

* Age of the OTT is highly significant in non-fixed-effects Models 1 and 3, but of just borderline significance
in Models 2 and 4. We can assume that the fixed effects successfully account for different levels of institutional
experience at the university OTTs, making the Age variable obsolete. An OTT’s institutional experience has a more
substantial effect on the biotech-intensive universities, Models 3 and 4; each year brings an additional §418,000
and $528,000, respectively, in Licensing Income, compared to $228,000 for U.S. universities generally. Model 4
(fixed effects, biotech-intensive university sample) shows a lack of significance of the Age of the office, but an
impressive significance of the Labor Cost variable. This is possibly explained by the Age variable, which may
be picking up the degree of entrepreneurship of biotech faculty. Biotech commercialization success may lead to
the establishment of a university OTT — the “star scientist” phenomenon. In addition, the more institutional
experience an OTT has in matchmaking, the better its networking capabilities may become.
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* Fixed Effects are used to pick up the seemingly immeasurable differences among universities — qualities
including but not limited to campus culture, researcher quality and reputation. While such attributes are hard to
quantify, Fixed Effects can be used to account for the fine distinction between universities without using a “culture
variable” (the definition of which may be highly subjective). The Fixed Effects create individual intercept terms
for each university, which are all significant in the general data set, Model 2. All but one of the intercept terms
are significant in the biotech-intensive sample, Model 4. Another benefit to using Fixed Effects is the ability to
interpret each university individually.

* The Milken Institute Tech-Pole Index measures the effect that university location has on the ability to
produce Licensing Income. Knowledge — university intellectual property, in this case — is absorbed more readily
in regions with an existing technology industry base. A high concentration, or clustering, of technology firms
in a region assists in creating an environment of linkages and opportunities for university commercialization
efforts. The index allows us to objectively measure some of the qualities that are otherwise difficult to capture.
Because of this, it is unwise to include the Tech-Pole numbers in a fixed-effects model, where we are controlling
for aspects other than the effect of the OTT office. It can be assumed that a university in a location with a higher
Tech-Pole Index will have higher Licensing Income than a university in a location with a lower Tech-Pole Index.
Being situated among high-tech industries would increase demand for university inventions (absorptive capacity),
especially from biotech-intensive universities. This is exactly what the models including the variable show. Both
coefficients are positive (approximately $210,000 and $360,000 for every additional point of the Tech-Pole Index),
and the coefficient for the biotech-intensive university sample is more than $150,000 larger than the general
sample coefficient.

* Theindependent variable Research Papers was created using the CEST and Thomson Scientific data set, and
is a representation of the size and quality of research at a university, based on the Number of Publications and the
Impact of those publications as represented by Citations. A general score was used for the overall sample, Models 1
and 2, and a biotech-specific score was used for the biotech-intensive sample, Models 3 and 4. Both are significant
and contribute approximately $170,000 of Licensing Income for every 1-point increase in the Research Papers
score.

Excluded Variables

In the process of finding an accurate econometric model, we considered numerous independent variables for inclusion. The
following list includes some that had a theoretical justification for inclusion but which, after testing, failed to enhance the
model or explained movement already captured by another variable.

Time Trend

We included a Time Trend variable in several specifications in an effort to capture a possible upward secular trend because
the dependent variables — e.g., Licensing Income, number of Startups — were mainly increasing over time. We excluded
the Time Trend because it experienced severe redundancy with the OTT Age variable. We chose to keep the latter, theorizing
that the upward progression of the output variables could be a combination of time and the maturation of the technology
transfer office. The OTT Age variable explained more of the variation over time between universities.
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The Private University Dummzy

We also tried a dummy variable equal to 1 if the university was private and 0 if the university was public. It is a dummy in
the sense that it isn’t a continuous variable (either 1 or 0). We hypothesized initially that private universities would have a
culture that emphasized the commercialization of intellectually property to a greater degree than public universities. On
one hand, the private university category includes Harvard, Stanford and MIT. On the other hand, the public category boasts
the California university system, Florida State and University of Wisconsin, all successful in tech transfer activities. When
included, this dummy did not add enough explanatory value to warrant retention.

The Medical School Dummzy

The Medical School Dummy variable was not statistically significant. It is possible that a continuous measure, such as the
size of the medical school faculty, might have had a separate discernable impact if included in the specification. However,
we believe that our MI Tech-Pole variable explained some of the effects of a medical school, and the fixed effects account for
the existence of 2 medical school in our fixed-effects models.

Venture Capital Statistics (VC Deals, VC Companies, VC Investment)

Here we were attempting to adjust for the availability of venture capital on a national basis. One would hypothesize that in
an environment of higher venture capital funding, more commercialization activity would occur, especially in the Startup
category. Unfortunately, our venture capital data was not region-specific and failed to add any explanatory value to our
equation.

Research Expenditures

Research Expenditures comprise expenditures from federal or industrial sources. Industrial sources may include private
corporations, which often monitor their funded amounts. In 2003, 66 percent of all Research Expenditures came from federal
sources, compared to only 7 percent from industry sources. Although total Research Expenditures increased remarkably since
1991, the mix of funding remained fairly stable. The Research Papers variable did a better job of capturing the quantity and
quality of research. Research Expenditures is a very early-stage measure of the quantity, but not the quality, of research.

Industry Share of Total Research Expenditures

Industry Share represents the share of university research expenditures that comes from industry sources. In theory, as the
Industry Share increases, we would expect that university tech transfer output would increase, since the companies funding
the research expect commercially viable results. An unfortunate side effect of this measurement is that schools with very little
research funding, but one or two corporate sponsors, may receive a high Industry Share but lack the research infrastructure
to achieve substantial technology transfer success.

Features of the models’ descriptive statistics worth noting include:

* R-Squared represents the overall fit of the model, in terms of the independent variables’ ability to explain
movement in the dependent variables, but does not penalize for lost degrees of freedom (observations minus
independent variables). The fit is between 0 and 1; and the closer to 1, the better the explanatory power. The four
models have high R-Squared values (all above 0.75), with Model 3 (biotech-intensive sample) scoring highest
at 0.924. Model 4, using fixed effects, is not quite as significant, at 0.798. The same relationship exists with the
general sample. The R-squared in Model 1 is higher (at 0.91) than the fixed effects model (at 0.76).
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Akaike Info Criterion (AIC) and Schwartz Criterion (SC) measure goodness of fit, like
R-Squared. But unlike R-Squared, they penalize for the addition of variables into the equation, so that the lower
the value, the better the fit. Among the four specifications, Model 1 has the lowest AIC and SC numbers, followed by
Models 2 and 3 (whose descriptive statistics are very close); Model 4 has the highest statistics. The statistics do not
vary by much, implying that the models are similar in goodness of fit.

F-Statistic measures the ability of the variables as a group to explain Licensing Income. Like R-Squared, a
higher F-Statistic implies a better group of independent variables. The models using the Milken Institute variables
(MI Tech-Pole Index and Research Papers) fare better than the fixed-effects estimations when considering this
statistic. All are high enough to accept the group of variables as significant.

Durbin-Watson (DW) Statistic is an indicator of the presence of serial correlation (the correlation
between error terms or unexplained variation). If serial correlation is present in a model, it can result in incorrect
inferences to be drawn. A Durbin-Watson Statistic close to 2 is desirable. When the statistic varies significantly from
2, it can be assumed that the model suffers from serial correlation. Models 1 and 3 both have an autoregressive
term to correct for serial correlation (a method of correcting for correlation between error terms); as a result, the
four DW Statistics do not imply the presence of serial correlation.

Running Royalties

Like Licensing Income, the Running Royalties variable illustrates returns as a dollar value and represents the continuing
stream of income (excluding one-time payments, such as up-front payments, milestone payments, cashed-in equity etc.)
that a university receives for inventions. Because this variable excludes one-time-only payments, it represents a less cyclical
stream of income that is slightly easier to estimate than the highly variable Licensing Income. Running Royalties is a subset
of Licensing Income, which explains why the coefficients estimated here are noticeably smaller. The series may be easier to
estimate, but the short time period of estimation can still be seen as a disadvantage.

Dependent Variable: Running Royalties
Sample Period 1996 to 2003

Model 1 Model 2 Model 3 Model 4
General General Biotech Biotech
Fixed Effects Fixed Effects
5.8045*** 10.62071*** 3.11961* 8.960955***
Labor Cost (1.12487) (1.480426) (1.701202) (2.294613)
212,048.3*** 97,083.76 428,660.1*** 144,345.3
Age of OTT (64,367.03) (88,642.45) (100,599.1) (207,911.4)
181,265.7*** 198,007.9***
MI Tech-Pole (50009.46) (59,316.99)
Research 15,064.55 149,973.8
Papers (71224.51) (102,960.4)
1.36*** 0.842144***
AR(1) (0.048) (0.040949)
-0.492***
AR(2) (0.04905)
Sample Size 486.00 648.00 147.00 168.00
R-Squared 0.95 0.84 0.96 0.88
Akaike Info Criterion 31.94 33.21 32.10 33.40
Schwartz Criterion 32.12 33.79 32.39 33.83
F-Stat 496.45 35.24 276.24 48.36
Durbin-Watson Stat 1.90 0.77 1.99 0.83

*** Statistically significant at the 1 percent level or better
* Statistically significant at the 10 percent level or better
Note: General Sample Observations=648, Biotech Sample Observations=168
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This accompanying graph shows the actual versus fitted values from our Running Royalties Model 1, general sample,
statistical analysis for 2003. Once again, we performed these tests on longitudinal data from 1996 to 2003. The 2003 cross
section gives an illustration of the model’s accuracy in explaining variation in running royalties between U.S. universities
that can be attributed to specific factors.

University Running Royalties
Actual vs. Fitted, 2003
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* Labor Cost is significant in all models. Consistent with the theory that the incremental benefit of FTEs in
biotech-intensive universities is relatively smaller than in all universities, the biotech-intensive Models 3 and 4
do have smaller values than their general sample counterparts. OTT employees prove to be an integral part of the
licensing of university inventions. In every model, each $1 investment in OTT staff returns between $3 and $11 of
Running Royalty income. According to Model 1 (and wage estimates from the Bureau of Labor Statistics), in 2003,
one additional licensing FTE in the OTT results in an additional $370,562; and an administrative FTE generated
$146,387 of Running Royalty income. The employees of the OTT have the smallest effect in Model 3, the biotech-
intensive, non-fixed-effects model, with just over $3 for every $1 invested.

* Age of the OTT is significant in the non-fixed-effects Models 1 and 3 only. This may be attributable to the
nature of the fixed effects: age of the OTT office (institutional experience) is perhaps a quality that the fixed effects
account for, making the inclusion of the Age variable insignificant. Institutional experience adds more to Running
Royalties income at a biotech-intensive university ($428,000), nearly twice as much as at a university in the
general sample (about $212,000). This behavior mirrors the Licensing Income specifications.

* Fixed Effects in the Running Royalties specifications are statistically significant but do not generate as
desirable an estimation as the non-fixed-effect models.

* The Milken Institute Tech-Pole Index proves to be statistically significant in both Model 1 and Model
3. Like Licensing Income, the MI Tech-Pole Index matters more for the biotech-intensive universities; however,
this discrepancy is smaller, as are the numbers. A 1-point increase on the MI Tech-Pole Index caused more than
$181,000 Running Royalty income at a general university and close to $200,000 of income at a biotech-intensive
university.

* The Research Papers variable, while not statistically significant in the non-fixed-effects models, is left in our
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equation because its inclusion is theoretically sound; it should be removed only when skewing the estimation of
the remaining variables. A 1-point increase in the Research Papers score increases a general sample university’s
income from Running Royalties by just over $15,000 and a biotech-intensive university’s Running Royalties by
nearly $200,000.

Features of the descriptive statistics worth noting include:

R-Squared is very high in both Models 1 and 3 (0.95 and 0.96) — higher than their respective Licensing
Income models. Fixed-effects Models 2 and 4 (0.84 and 0.88) are higher as well.

Akaike Info Criterion and Schwartz Criterion give us an idea of the “goodness of fit” of our
variables while punishing for loss of degrees of freedom. Among the Running Royalties specifications, Model 1
has the lowest AIC and SC numbers, followed closely by Model 3. Once again, the lower the numbers, the better the
explanatory power.

F-Statistic for each equation is high, and we can conclude that the group of independent variables used to
describe Running Royalties is significant for each specification. Each F-Statistic is higher than the corresponding
equation for Licensing Income.

Durbin-Watson Statistic for Models 1 and 3 does not allude to the presence of serial correlation (error
terms are correlated); both have an autoregressive term to correct for the problem. Models 2 and 4, on the other
hand, suggest that they might suffer from serial correlation.
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Licenses Executed

The estimations for Licenses Executed give us a non-monetary perspective on output. We can estimate the number of licenses
that will be produced given a specific set of inputs. The Labor Cost, Age of OTT, MI Tech-Pole and Research Papers coefficients
estimated are very small, which makes interpretation slightly less straightforward than the two previous estimations.

Dependent Variable: Licenses Executed
Sample Period 1996 to 2003

Model 1 Model 2 Model 3 Model 4
General General Biotech Biotech
Fixed Effects Fixed Effects
0.0000279*** 0.000036*** 0.0000423*** 0.0000494***
Labor Cost (0.00000635) | (0.00000545) (0.0000117) (0.0000101)
0.71579*** 0.421161 0.888325** 0.191526
Age of OTT (0.194502) (0.326513) (0.286691) (0.914)
0.304704** 0.325645*
MI Tech-Pole (0.147392) (0.184278)
Research 0.980751*** 0.708889**
Papers (0.234019) (0.325472)
0.728826*** 0.565804***
AR(1) (0.031729) (0.072745)
Sample Size 567 648 147 168
R-Squared 0.878926 0.871393 0.774425 0.827217
Akaike Info Criterion 8.002172 8.189229 8.840714 8.731185
Schwartz Criterion 8.147616 8.762273 8.962773 9.15887
F-Stat 221.0081 46.68573 96.81404 31.55469
Durbin-Watson Stat 2.111594 1.563024 2.026415 1.707619

*** Statistically significant at the 1 percent level or better
** Statistically significant at the 5 percent level or better
* Statistically significant at the 10 percent level or better
Note: General Sample Observations=648, Biotech Sample Observations=168

This accompanying graph shows the actual versus fitted values from our Licenses Executed Model 1, general sample,
statistical analysis for 2003. These tests were performed on longitudinal data from 1996 to 2003. The 2003 cross section
gives an illustration of the model’s accuracy in explaining variation in Licenses Executed between U.S. universities that can

be attributed to specific factors.

University Licenses Executed
Actual vs. Fitted, 2003

Number

300

250

200

150

100

50

0

— Actual
| — — Fitted

1

\
N
\I‘f //

7N

A

- A

RSN AREA RN RN RN RN RN RN RN RN RN RN RN ERE RN a e

Universities in Descending Order
Sources: AUTM, Milken Institute

[60 |




Empirical Analysis: Econometric Analysis: Determinants of Performance Mind-to-Market

Labor Cost is significant in all models. For every $100,000 invested, OTT staff will return 2.79, 3.6, 4.23 and
4.94 licensing deals, respectfully. In 2003, one licensing FTE was responsible for executing 1.78 licenses at a
general university, while a non-licensing employee can take credit for executing 0.788 license. It is interesting
to note that both biotech-intensive Models 3 and 4 estimate more Licenses Executed. Whether biotech-intensive
universities have more productive inventors or more productive tech transfer office staff is material for conjecture.
The answer may be a combination: more productive inventors force the OTT to be more productive.

Age of the OTT is highly significant in Models 1 and 3, but not significant in Models 2 and 4, with fixed effects.
This is consistent with the tendency that the fixed effects are successfully accounting for individual university
experience. The Age of the OTT has a greater impact at biotech-intensive universities. It seems that Age has less
of an impact on license productivity than Labor Cost, with a university in the general sample gaining 7.2 licenses
for an additional 10 years of existence and a biotech-intensive university earning 8.9 licenses. This suggests that
professional OTT staff can have a significant impact on the number of Licenses Executed, even in an office with
limited years of operation.

The Milken Institute Tech-Pole Index is significant. It estimates that a 10-point increase of the MI
Tech-Pole score causes an additional three licenses to be executed for both the general and biotech-intensive
university models. A possible interpretation is that biotech-intensive universities might not license a higher quantity
of inventions based on their location, but rather higher-quality inventions based on location.

* Research Papers are estimated to contribute 9.8 executed licenses for an additional 10 points to a university’s
Research Papers score. The result is slightly lower at a biotech-intensive university (Model 3), with an additional
7.1 License Executions for an extra 10 points to the Research Papers score.

Features of the descriptive statistics worth noting include:

* R-Squared values are good, ranging from approximately 0.77 (Model 3) to 0.87 (Models 1 and 2). Unlike
any estimation thus far, the biotech-intensive, fixed-effects equation (Model 4) has a higher R-Squared than the
biotech-specific non-fixed-effects equation (Model 3).

*  While the R-Squared value is better in Model 4 than in Model 3, the Akaike Info Criterion and Schwartz
Criterion of both are very close, suggesting that the two have a very similar “goodness of fit.” Each equation
poses a value for AIC and SC, between 8.0 and 9.2.

* F-Statistics are more erratic. However, all imply that the variables used in each equation are significant as a
group.

* Durbin-Watson Statistic of Model 2 warns of the danger of serial correlation.

Startups

Startups is a dependent variable consisting of companies that originate as a result of university intellectual property and
are registered with the OTT. This output measure considers not only the invention capability of a university but also the
entrepreneurial zeal of the faculty. Earlier we mentioned that Invention Disclosures and exclusive share of Licenses Executed
are treated as Output Measures; however, that is not the case here. Invention Disclosures and the exclusiveness of licensing
have a significant and positive impact on the formation of Startups and therefore must be included in the model.
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The higher the proportion of Exclusive Licenses granted, the higher the probability
of Startup formation. Put another way, if the founders of a startup based upon
university-derived intellectual property do not have exclusive rights to it, they face the
risk that a competitor will render their firm’s investment to be worthless. Additionally,
the startup would have greater difficulty in securing financing from VC and angel
investors without exclusive rights to the IP.

The majority of “royalty-
rich” OTTs receive revenues
from established firms,
viewing startup formation
as a secondary goal.

The research of Chukumba and Jensen,’* while not inconsistent with our econometric model findings, warrants mention
here. They find that OTTS typically focus their efforts on licensing inventions to established firms. Indeed, those universities
that are able to generate many startups may not be the same universities that also have large royalty incomes. This is
consistent with the observation that the majority of “royalty-rich” OTTS receive revenues from established firms, viewing
startup formation as a secondary goal. Exclusive licensing mitigates the risk of other companies using the same patent and
creates an unleveled playing field.

Dependent Variable: Startups
Sample Period 1996 to 2003

Model 1 Model 2 Model 3 Model 4
General General Biotech Biotech
Fixed Effects Fixed Effects
0.00000189** | -0.000000187 -0.000000331
Labor Cost (8.91E-07) (8.85E-07) (1.65E-06)
0.039542* 0.148834*** 0.045225 0.300088**
Age of OTT (0.020973) (0.0530) (0.039595) (0.149662)
0.050811*** 0.045312*
MI Tech-Pole (0.017679) (0.02660)
Research 0.055429*
Papers (0.028609)
1.062568*** 2.3267*
Exclusive Share (0.382035) (1.306831)
0.021064***
Invention Disclosures (0.004891)
0.646159*** 0.585155***
AR(1) (0.036237) (0.075177)
Sample Size 567 648 147 168
R-Squared 0.70942 0.667937 0.776954 0.736886
Akaike Info Criterion 4.28356 4.552306 4.879343 5.111606
Schwartz Criterion 4.406039 5.125351 5.103117 5.539292
F-Stat 89.68046 13.85959 47.37407 18.45868
Durbin-Watson Stat 2.169109 1.752269 1.991056 1.706666

*** Statistically significant at the 1 percent level or better
** Statistically significant at the 5 percent level or better

* Statistically significant at the 10 percent level or better
Note: General Sample Observations=648, Biotech Sample Observations=168
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This accompanying graph shows the actual versus fitted values from our Startups Model 1, general sample, statistical analysis
for 2003. Tests were performed on longitudinal data from 1996 to 2003. The 2003 cross section gives an illustration of the
model’s accuracy in explaining variation in startups between U.S. universities that can be attributed to specific factors.
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* Labor Cost proves not to be as significant when estimating Startups as for the previous three output
variables — Licensing Income, Running Royalties and Licenses Executed. More than the productivity and
effort of the employees in the tech transfer office, the number of university startup firms may depend on how
entrepreneurial the inventor or licensee is. Another consideration is the level of sophistication and reputation
of the OTT staff and university. The data show that the OTT has very little effect, so little that it would take over
a half-million-dollar investment in OTT staff to produce one Startup (according to Model 1). The other two
estimations — fixed-effects Models 2 and 4 — that include the variable actually estimate a negative, albeit
insignificant, impact on the number of Startups at a general and biotech-specific university.

* Age of the OTT has a greater impact at biotech-intensive universities, Models 3 and 4, with the
significant estimate at three Startups for every additional 10 years of existence (Model 4). According to Model
1, a university from the general sample would take 75 years to obtain the same results (about one Startup
for every additional 25 years of existence), while the general sample, fixed-effects Model 2 estimates a highly
significant coefficient of 1.5 Startups for every 10 years of OTT existence. The institutional experience of the
OTT may aide in the creation of startups by forming strong relationships with businesspeople in the private
sector, and these relationships may eventually turn into partnerships for startup companies.

* Fixed Effects for the general sample, Model 1, are almost all significant; about half are significant in
the biotech sample, Model 3. The Labor Cost in both fixed-effects Models 2 and 4 were insignificant, lending
credit to the theory that startups are highly dependent upon entrepreneurial spirit (a relatively hard quality to
objectively quantify, but a quality picked up by the fixed-effects models).

* Milken Institute Tech-Pole Index should, in theory, have a significant impact on the amount
of Startups because of the location of the university. This conjecture holds with both coefficients notably
significant. In both general and biotech-intensive Models 1 and 3, an additional approximate 20 points to the
MI Tech-Pole Index score will result in one new Startup.
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Research Papers is only used in Model 1, with about one extra Startup created for every additional 20
points added to the score.

Exclusive Share represents the share of all executed licenses that are exclusive to only one company. We
can assume that the higher this share is, the more likely it will be that a Startup will be formed. It can also
be interpreted that a startup would rarely sprout from an invention that has been licensed to more than one
company. The results confirm that a 1 percent increase in Exclusive Share resulted in the formation of a little
over one Startup.

Invention Disclosures is used in Model 3 and is highly significant. Invention Disclosure was found
to explain more of the variation in biotech startups than Research Papers. More Invention Disclosures hint
at commercially viable inventions better than Research Papers, which can be turned into startup companies.
This seems to be the case, with one Startup formed for approximately every 50 Invention Disclosures.

Features of the descriptive statistics:

R-Squared values range from 0.67 to 0.78, acceptable values for the statistic. The biotech-intensive Models
3 and 4 fare better than general sample Models 1 and 2.

Akaike Info Criterion and Schwartz Criterion are all very close, although it is important to
note that the equation with the highest R-Squared (Model 3) does not have the most desirable AIC and SC
values, which means Model 1 probably has the best overall fit.

F-Statistics show that as groups, the variables included in each model are significant. While Model 2’s
F-stat is lower, its accompanying probability (the probability that the coefficients jointly are not different
from zero) is zero, meaning that Model 2 is highly significant in explaining variation in Startups among
universities.

Durbin-Watson Statistics are all very close to 2. Both Models 1 and 3 have autoregressive terms
included to correct for serial correlation.
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Part 4: OTT Rate-of-Return Simulations

We have already estimated the return on investment to the employees of the technology transfer office with our econometric
models. To further quantify the effect of the OTT and its staff as a percentage of total Licensing Income, Licenses Executed
and Startup companies formed, we have completed two alternate simulations.

These simulations allow us to use our econometric equations to uncover the effects of additional investment into the OTT,
as well as the effect of the office as a whole (capturing the networking advantages of institutional experience).We do so
by replacing certain input-variable series (specifically, Labor Cost and the Age of the OTT) with alternate historical series
meant to estimate “what would have been,” had the universities behaved differently. Using the simulations, we can better
understand the incremental system-wide impact the tech transfer office has on licensing activity.

Our first simulation assumes that after 1996 universities did not increase their investment in the OTT. For example, we
calculated that Caltech invested approximately $152,000 in wages and salaries into its technology transfer office in 1996 and
steadily increased this investment to nearly $478,000 (adjusted for inflation) in 2003, an increase of 215 percent in seven
years. In total, we estimate that the 81 universities in the AUTM data set increased OTT staff funding by $25.6 million: from
$18.9 million in 1996 to $44.5 million in 2003 (again, adjusted for inflation). OTT investment experienced a 135 percent
increase in the seven years following 1996.

While our original estimation includes the actual increase of investment Licensing and commercialization
into the office, our first simulation assumes no change in investment would occur without an OTT, just
over the subsequent seven years. Essentially, the first simulation estimates
Caltech’s and other universities’ output variables, using the 1996 Labor Cost
levels for all seven years of the data set. This simulates the return (in the
form of Licensing Income, Licenses Executed and Startup companies formed) that the university would have received, had
it not increased investment in the OTT after1996. To maintain the effect of networking, the Age variable remains unchanged
in the first simulation.

not as efficiently.

The second simulation assumes that the university never created an office for technology transfer; thus, the Labor Cost and
Age of the OTT variables are equal to zero for each of the seven years in our data set. The resulting estimations for Licensing
Income, Licenses Executed and Startup companies formed are without an OTT and therefore illustrate the university’s
licensing capability without the help of an office specializing in the commercialization of university research. Licensing
and commercialization would occur without an OTT, just not as efficiently. This assumes that intellectual property would
be disclosed to the universities by research staff and that firm agreements would be in place regarding the distribution of
any Licensing Income. Academic entrepreneurs find a way to move their IP into the private sector due to their passion for its
potential impact and remuneration opportunities.

The following table uses the 81 universities in our 1996—2003 AUTM data set to quantify the effects of the OTT as a percentage
of total university licensing activity. The percentages represent the average Licensing Income, Licenses Executed and Startup
companies formed that can be attributed to the additional investment into the office (Simulation I) and those that can
be attributed to the office as a whole (Simulation IT). Conversely, these numbers can be interpreted as the amount that
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university licensing activity would decrease relative to the actual historical experience if investment into the office had
stopped in 1996 (Simulation I) or if the office had never existed (Simulation IT).

Average OTT Impact
Output Contributable to the Tech Transfer Office, 1997-2003

Licensing | Licenses Startup
Income | Executed | Companies

Simulation |

No Additional Investment 4.9% 5.5% 5.2%
Simulation Il

No OTT Created 20.9% 23.2% 20.4%

Simulation I: What If University Investment Remained at 1996 Levels?

Simulation |
Summary Table,* 1997-2003 Average

Actual  Simulated
Licensing Licensing| Actual Simulated
Income  Income | Licenses Licenses | Actual Simulated

University US$ Millions Executed Executed | Startups Startups
University of California System 99.7 95.8 224 207 20 18.8
Massachusetts Institute of Technology 334 325 103 98 22 211
University of Washington 26.1 24.7 91 85 7 6.4
Stanford University 50.6 50.0 133 130 12 11.5
University of Wisconsin 255 23.7 116 106 3 2.7
Johns Hopkins University 8.8 7.7 101 94 6 5.1
University of Michigan 5.9 5.2 55 51 7 6.2
State University of New York 14.6 13.6 39 35 5 4.5
Harvard University 19.3 19.0 68 67 3 2.8
University of Minnesota 17.8 16.7 84 79 7 6.9
University of Pennsylvania 11.5 10.8 67 63 6 6.0
Duke University 3.3 3.1 45 42 2 2.0
University of Florida 274 26.5 31 26 4 3.8
University of Chicago 3.1 29 17 17 2 1.5
lowa State University 49 4.6 198 197 3 3.2
Rutgers University 5.4 4.9 37 34 4 3.5
Texas A&M University System 6.1 5.8 57 55 3 2.6
Baylor College of Medicine 9.2 8.6 40 36 2 2.0
Washington University 8.2 7.7 67 64 2 1.6
University of Texas Southwestern Medical Center 7.9 7.2 25 22 1 1.1
U.S. Total 639.14 607.84 2,734 2,584 247 234

*Top 20 Universities based on Labor Cost Value

The first simulation estimates the answer to this question. According to this scenario, if investment had stayed at 1996 levels,
the average university would generate 4.9 percent less Licensing Income each year. The average one-year Licensing Income
of the universities in our data set is §7.89 million, providing an estimate that $387,000 in yearly Licensing Income can be
primarily attributed to the post—1996 investment into the tech transfer office. The 81 universities earn a collective average
of $639.1 million in Licensing Income from 1997 to 2003. Of this, additional human capital investments in university tech
transfer offices are responsible for $31.3 million.
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For specific examples, we refer to the University of Wisconsin and the University of Washington. The University of Wisconsin
earned an average of $25.5 million in Licensing Income from 1997 to 2003, and its technology transfer function can claim
almost $2 million of that sum as the result of further funding ($1.3 million) between 1996 and 2003. The tech transfer
office at the University of Washington earned $1.4 million of Licensing Income due to increased investment into the office.
Additional funding for the OTT had the greatest impact on the University of California system, which earned an average of
$99.7 million in Licensing Income over the period. Of this, an estimated $4 million is a result of further funding, The results
of Simulation I are also impressive at Johns Hopkins University, where the extra OTT funding resulted in over §1 million
more in Licensing Income per year.

Simulation I estimates that post-1996 OTT investment is responsible for an average of 5.5 percent of Licenses Executed
per university per year. The 81 universities in our AUTM data set averaged 30 Licenses Executed annually. According to
Simulation I, without further investment increases into the OTT, this average would drop to 28.4. For all 81 universities in
the data set, we can attribute 150 fewer Licenses Executed per year to the lack of post-1996 investment into the tech transfer
office.

Returning to our specific examples, the University of Minnesota executed 84 licenses per year. If we assume that its Office
of Patents and Technology Marketing did not receive any funding beyond its 1996 level, Simulation I estimates that the
University of Minnesota would instead license 79 inventions per year, five fewer than the office did license. At the Baylor
College of Medicine, Simulation I estimates that rather than successfully licensing 40 inventions, the office would only
license 36 inventions; continued investment into the Baylor Licensing Group is responsible for the successful licensing
of four additional inventions per year from 1997 to 2003. At the University of California, 17 of 224 licenses were executed
annually because of post-1996 investment into the tech transfer offices. Simulation I estimates that Johns Hopkins and the
University of Pennsylvania licensed seven and four more inventions, respectively, as a result of additional funding on an
annual basis.

Startups suffer from the lack of additional investment in OTTs, as well. Simulation I estimates that without this additional
investment, the average university would lose 5.2 percent of yearly Startup companies formed. With an average of three
startups in any given year, any given university in our study would instead create 2.8 Startups in a year without the added
investment in its OTT.

The universities were the starting point for 247 companies a year, and the further funding is responsible for 13 of those
endeavors. Harvard University facilitated the creation of 20 Startup companies (3.0 on average) from 1997 to 2003. Our
simulation calculates that without the additional funds funneled into the Harvard OTT, this number would decline to 18
(2.8 on average). The Stanford University office of technology licensing aided in the formation of nearly four additional
companies (0.5 on average) between 1997 and 2003, and the UC system helped cultivate more than eight startups (1.2 on
average), with additional funds over the same period. Additional funding at the University of Florida also helped create
nearly two (0.2 on average) more startups.
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Simulation Il: What if the technology transfer office were never created?

Simulation Il
Summary Table,* 1997-2003 Average

Actual  Simulated
Licensing Licensing| Actual Simulated
Income  Income | Licenses Licenses | Actual Simulated

University US$ Millions Executed Executed | Startups Startups
University of California System 99.7 83.2 224 156 20 14.8
Massachusetts Institute of Technology 334 28.3 103 79 22 19.1
University of Washington 26.1 22.7 91 75 7 5.7
Stanford University 50.6 47.4 133 117 12 10.5
University of Wisconsin 255 19.4 116 86 3 1.8
Johns Hopkins University 8.8 6.0 101 83 6 4.3
University of Michigan 59 3.7 55 44 7 55
State University of New York 14.6 11.1 39 27 5 3.8
Harvard University 19.3 16.9 68 58 3 23
University of Minnesota 17.8 13.7 84 67 7 5.8
University of Pennsylvania 11.5 9.6 67 56 6 5.4
Duke University 3.3 2.1 45 36 2 1.6
University of Florida 27.4 25.3 31 20 4 3.1
University of Chicago 3.1 21 17 13 2 1.2
lowa State University 4.9 2.0 198 180 3 21
Rutgers University 5.4 3.8 37 29 4 3.0
Texas A&M University System 6.1 4.6 57 48 3 1.7
Baylor College of Medicine 9.2 7.2 40 30 2 1.5
Washington University 8.2 6.5 67 59 2 1.2
University of Texas Southwestern Medical Center 7.9 6.4 25 19 1 0.9
U.S. Total 639.14 505.84 2,734 2,101 247 197

*Top 20 Universities based on Labor Cost Value

Simulation 1T is designed to quantify the effects of the OTT as a whole by assuming no investment in terms of technology
transfer office Labor Cost, as well as assuming that the Age of the Office remains zero over the seven years of our data set.
This scenario attempts to evaluate the impact of an OTT never having been established. The results imply the significance of
the office in percentage terms. Without an office, the average university would earn only 79 percent of its annual Licensing
Income; conversely, the office is responsible for over 20 percent of annual Licensing Income. With an average of $639.1
million and a seven-year mean of $7.89 million, Simulation IT estimates that the 81 universities in our data set can attribute
$133.3 million more and $1.7 million on average individually to tech transfer collaborations involving their OTTs.

Referring to Harvard and Stanford as specific examples, the universities earned on average $19.3 and $50.6 million in
Licensing Income, respectively. Harvard University’s Office of Technology Development can argue that $2.4 million of this
income is a direct effect of its involvement in the technology transfer process. Similarly, the Office of Technology Licensing
at Stanford can take full responsibility for $3.2 million of the university’s Licensing Income, and the UC office can claim
$16.5 million of the system’s total Licensing Income per year, from 1997 to 2003. The University of Wisconsin earned $6.1
million more in Licensing Income per year because of the existence of its tech transfer office. At the State University of New
York (SUNY) system, $3.5 million in Licensing Income is attributable to the OTT: $11.1 million of $14.6 million.

The tech transfer office has a larger impact on Licenses Executed, at 23.2 percent of average annual licenses. Without the

office, a university among those studied could expect executed licenses to be 76.8 percent of what they could be with the
support and guidance of an OTT. In total, the offices are responsible for 633 of 2,734 total Licenses Executed per year from
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1997 to 2003; on average, the OTT is directly responsible for almost eight of 34 licensed inventions each year. Out of 55
Licenses Executed at the University of Michigan, 11 inventions licensed are an effect of the facilitation of the University of
Michigan’s OTT. The Office of Technology Licensing at Stanford accounts for 16 of the university’s 133 successfully licensed
inventions per year. The University of California system would have executed 68 fewer licenses without its tech transfer
offices. MITs tech transfer office was responsible for the facilitation of 24 of 103 licenses annually during the period.

Tech transfer offices had a slightly smaller impact on Startup companies formed. A little over 20 percent of companies
formed are a result of the addition of the OTT. In average terms, this translates into slightly more than four Startups for
each university over the seven-year period. On average, the OTTs were responsible for 50 of the 247 Startup companies
formed among the universities studied. According to Simulation I, the Office of Technology and Intellectual Property
was responsible for almost six Startups (0.8 on average) formed at the University of Chicago during the seven-year period.
At Rutgers, seven of the 26 Startups (1.0 on average) formed were the result of the OTT’s participation in tech-transfer
activities. UC tech transfer offices were responsible for the establishment of 36 university Startup companies (5.2 on average)
during the period. Washington University’s OTT was responsible for almost six (0.8 on average) of its 13 Startup companies
formed.

These two simulations have allowed us to ask and, more important, to answer two “what if” questions. It is widely accepted

that technology transfer offices contribute to the success of commercialization activities at universities. By using this type of
evaluation, the benefits that these offices bestow can be quantified.
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IV: The University Innovation Pipeline

The phrase “university innovation pipeline” refers to the support and process infrastructures that enable a university to
convert its research and creativity into intellectual property that is commercialized. A rich innovation pipeline plays a pivotal
role in a university’s ability to commercialize its overall and biotech-specific research. It also constitutes an important
asset to municipal, state/provincial, national and regional economies, and their ability to sustain long-term economic
development and competitiveness.

This chapter analyzes national and international university biotech and overall innovation pipelines, using three measures:
Publication Rankings, Patenting Activity and OTT Outcome Measures.

Section 1: Publication Rankings: Global Data Analysis and Findings
Methodology

This section compares and evaluates the scientific strength (research output) of universities around the world, as measured
by the quantity and quality of published research. It ranks published works in the field of biotechnology over the period
19982002, using databases from Thomson Scientific, Science Citation Index (SCI), Social Sciences Citation Index

(SSCI) and the Swiss Center for Science and Technology Studies (CEST). Publication and citation counts are important
output measures of scientific research, and this analysis aims to contribute toward improved transparency in biotech
research achievement.

We used 683 universities in the analysis of all academic fields, including 217 in the United States (32 percent); 303 in Europe
(44 percent, of which Eastern European universities represent 6 percent); 56 in Japan; 30 in Canada; and 11 in China.

Biotechnology covers research in the following eight specified subfields:

Biotechnoloay by Subfield

Biology

Biotechnology and Applied Microbiology
Multidisciplinary

Biochemistry and Biophysics
Experimental Biology

Microbiology

Cell and Developmental Biology
Molecular Biology and Genetics

©® N vk WD
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Within the field of biotechnology, we evaluated the eight subfields represented in 492 universities, including 161 in the
United States (33 percent); 222 in Europe (45 percent, including 5 percent for Eastern Europe); 44 in Japan; 23 in Canada;
9 in Australia; 5 in China; and 17 in the rest of Asia.

We based our evaluation of the performance of universities on assessments of three indicators — the Number of Publications,
Activity and Impact — at the aggregate level of biotechnology, after assigning a unique weight to each of the eight subfields,
based on its relative importance to the overall biotechnology category.

We also assigned weights to the three indicators: Number of Publications (40 percent); Activity (20 percent); and Impact (40
percent) A lower weight was accorded for Activity because a university’s concentration in biotechnology, relative to overall
research papers, cannot be considered as important as the Number of Publications and Impact. Activity does, however,
provide important information on how focused a university is in a particular research field. In each measure, the universities
are benchmarked to the best-performing university, which earned a score of 100.

1. Number of Publications (40 percent weight): This is a size indicator that reflects the number of each
university’s biotech publications (published papers). Since much of a university’s success in biotechnology is owed to its
overall number of biotech publications, we took the sum of the publications from the eight subfields for each university.
We also looked at the university’s share of publications in all subfields reflected in the world share of publications in those
subfields.

Publications count is not affected by the quality of the papers. If publication output (in a given field) is higher at one
university than at another, it suggests that the faculty size and/or productivity at the first university is higher than at the
second.

2. Activity (20 percent weight): This is a concentration indicator measured by the number of publications
(published papers) in a particular field or subfield. This indicator was applied to each of the eight subfields and used to
derive the overall biotechnology Activity measure.

We first compiled the Number of Publications in each subfield for a specific university as a percentage of the total number
of biotech publications published by the university, divided by the number of publications worldwide in each subfield as a
percentage share of total biotechnology publications worldwide. We then counted the number of biotechnology publications
from a specific university as a percentage of the total number of publications published by that university, divided by the
worldwide total of university biotech publications as a share of the worldwide total of university publications.

We observed the quotient (q) of publications in each subfield and the total biotechnology publications of all universities.
The product of the Activity (a) and quotient (q) of the university in a specific subfield was obtained (a*q). We then assigned
a specific weight to each subfield. The last step in arriving at the total Activity for a university is to calculate the sum of the
weighted (a*q) measures.

3. Impact (40 percent weight): This is a guality indicator that reflects the frequency with which publications are
cited by other authors. It is measured by the number of citations of a university in a specific field or subfield as a share of the

[ 76 |



Innovation Pipeline: Publication Rankings Mind-to-Market

total number of university publications in that field or subfield, divided by the total world citations in that field or subfield
as a share of the total world publications in that field or subfield.

Citation counts capture the interest publications receive from other writers, for a range of motives: concepts, models, ideas
or counterarguments. Thus, citation analysis reflects the international resonance of the publication. Evidence suggests
that “these reference motives are not so different or ‘randomly given’ to such an extent that the phenomenon of citation
would lose its role as a reliable measure of impact.”! We suggest that the higher the citation count, the better the quality
of the paper, and agree that “the international attention which a research contribution receives from the author’s peers is
recognized as being regarded as an important aspect of the complex and the ambiguous phenomenon of quality.”

The Impact of an individual university is based on fractional field counting, which counts the cited publication as a fraction
of all the references mentioned in the publication.’ For example, if a cited publication mentions 20 references, the publication
itself gets counted as 1/20 of the count. To arrive at the total Impact of a university, we constructed a method that captures
the importance of each subfield and does not penalize universities that do not have citations in the other fields.

Caveats

We recommend that citation data, as a measure of scientific strength, be used and interpreted with knowledge of its strengths
and limitations. For example, it is generally established that “star scientists” receive higher citation rates from their peers
and are concentrated in a few universities. Increasingly, “citation” sources include nontraditional references, such as direct
web postings and hypertext links, as well as acknowledgments published within papers.®

Not all university publication data is available, especially in Asia. Language Increasingly, “citation” sources
biases result in fewer citations for non-English-language publications.’ include nontraditional references,
China’s English-language journals, for example, are still rather local, such as direct web postings

and Chinese scientific journals lack international visibility. In addition, and hypertext links, as well as

our ranking may tend to over-represent universities with academics who acknowledgements published

not only publish but also work as journal editors and reviewers. within papers.

Our analysis covers the period 19982002, the most recent publicly available global data. In the dynamic world of biotech,
innovation is constant, and as such, relative rankings are subject to change. More recent data will be an interesting source
for future research.

Findings

Not surprisingly, U.S. research universities dominate the top 50 rankings worldwide across the three performance indicators
(Number of Publications, Activity and Tmpact). Harvard leads the list, followed by the University of Tokyo; the University of
London; the University of California (UC) San Francisco; and the University of Pennsylvania. Positions six through 10 are
all from the United States: UC San Diego; Johns Hopkins University; Washington University; the University of Washington,
and UG Los Angeles.
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The dominance of U.S. universities is highlighted by several findings: they hold eight of the top 10 positions; 14 of the top
20 positions; and 28 of the top 40 positions. The top 10 U.S. universities account for 11.8 percent of world publications. And
within the United States, California universities play a dominant role: three University of California campuses rank among
the top 10; Stanford ranks 12%; and UC Berkeley, ranks 25™. California universities hold five of the top 25 positions. Britain
and Japan each have three universities among the top 25.

European universities generally demonstrate the highest Activity in the subfields
biochemistry and biophysics; U.S. universities are more diversified, showing high
Activity also in microbiology, cell and developmental biology, and molecular
biology and genetics. The positioning of European universities behind the United
States reflects the status of the European Higher Education Area (EHEA), which is
still in process; no European country has vet fulfilled all its policy goals set in the
Bologna and Lisbon process. The Impact score further suggests that U.S. retains
an advantageous position relative to Europe in academic-based biotechnology
research.

A prevalence of medical
schools characterizes the
group of universities ranked
highest according to the
Number of Publications.

A prevalence of medical schools characterizes the group of universities ranked highest according to the Number of
Publications. For example, within the top 20 universities, only Rockefeller University doesn’t have a medical school. It does,
however have a medical training program, and its affiliated hospital is a leading clinical research center. Additionally, it
has a 25-year-old M.D./Ph.D. program with the nearby Graduate School of Medical Sciences at Cornell University and the
Sloan-Kettering Institute. So it is able to overcome this potential challenge by its close affiliations and unique institutional
arrangements. Massachusetts Institute of Technology, ranked 21%, is without a medical school, as well. The high Publication
ranking for MIT is a testament to the productivity and quality of its non-clinical life-sciences faculty. Universities with
medical schools and affiliated teaching hospitals attract greater research funding from public sources, such as the National
Institutes of Health, providing more opportunities for research and collaboration with clinical-based faculty.®

The following universities rank highest in their respective countries in terms of Number of Publications; their overall
rankings are given in parentheses: Universités de Paris [-XIII, France (23™); University of Toronto, Canada (30™); Karolinska
Institutet, Sweden (35"); Université de Geneve, Switzerland (39™); Universitdt Konstanz, Germany (58"); University of
Helsinki, Finland (59™"); Universiteit Utrecht, Netherlands (60™); Université Catholique de Louvain (Katholieke Universiteit
Leuven), Belgium (61%); Hebrew University of Jerusalem, Israel (77%); Universita degli Studi di Roma I-III, Italy (90™);
University of Queensland, Australia (99™).

Other universities that score highest in their countries for Number of Publications include: Universitit Wien (University of
Vienna), Austria (106™); Danmarks Tekniske Universitet, Denmark (109™); Universidade Nova de Lisboa, Portugal (128");
Universidad Auténoma de Madrid, Spain (136"); National University of Ireland (164"); University of Iceland (210");
National Yang-Ming University, Taiwan (229"); University of Otago, New Zealand (234™); National University of Singapore
(263™); Chinese University of Hong Kong (352™); Charles University, Czech Republic (373"); Universidad de Chile (383");
University of Cape Town, South Africa (389™); Honan National University, South Korea (399™); University of Crete, Greece
(426"); Universidade Federal do Rio Grande do Sul, Brazil (457"); Universiti Putra Malaysia (470"); Jozef Attila University,
Hungary (486"); and the Indian Institute of Technology, India (487").

[78



Innovation Pipeline: Publication Rankings Mind-to-Market

The United States accounts for 46 percent of the worldwide scientific biotech publications in the period 19982002, while
European universities account for 35 percent, Japan 9 percent and Canada 5 percent. But it would be shortsighted to reduce
differences between U.S. universities and European universities to such mass effects as publication counts. Research quality
is affected by national policies, funding, industry clustering and other factors. Because our analysis of publications is
complemented by other indicators (Impact and Activity), relatively small but specialized institutions can score as well as
large research universities. For instance, the University of Wales, Aberystwyth, distinguishes itself through its above-average
citation rate.

University of Wales, Aberystwyth

The University of Wales, Aberystwyth, established in 1872, is a founding member of the federal University
of Wales. The degrees it awards are those of the federal university, of which it is one of six constituent
institutions. Its Institute of Biological Sciences focuses current research on “proteomic, metabolomic and
bioinformatics approaches to biological problems.”

Researchers from the University of Wales and six other universities have undertaken a five-year project
to develop a robot that can mimic the human brain. The university has also partnered with the Institute
for Grasslands and Environmental Research, also in Aberystwyth, to study the “biological and agricultural
sciences, with applications in fields such as pharmaceuticals, diagnostics, vaccines, bioprocessing and
instrumentation.”

The following table summarizes the University Biotechnology Publication Ranking. Harvard University, with a Publications
score of 100, is credited with 11,098 biotech publications over the period 1998—2002. The university has an Activity score
of 74.8 and Impact of 63.3. One of Harvard’s strengths is the diversity of research papers in several biotech subfields:
biochemistry and biophysics, 3,143; cell and developmental biology, 2,322; multidisciplinary, 2,142; molecular biology and
genetics, 1,898; and microbiology, 1,073. In contrast, the University of London, second in terms of Number of Publications,
with 9,633, has a higher concentration within biochemistry and molecular biology genetics.”

The University of Tokyo, at third, recorded 9,418 publications from 1998 to 2002, heavily concentrated within biochemistry
and biophysics — more than 43 percent of the total. Cross-field collaboration among researchers doesn’t appear to be
as frequent at the university, with just 742 multidisciplinary papers listed. Because biotech research is increasingly cross-
disciplinary, universities that can leverage collaboration may have a competitive advantage.
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Milken Institute University Biotechnology Publication Ranking
Top 50, 1998-2002

Biotech
Publ.
by Univ. Activity Impact Overall
Rank University Country Score Score Score Score

1 Harvard University, Cambridge USA 100.0 74.8 63.3 100.0
2 University of Tokyo Japan 84.9 77.5 43.5 83.3
3 University of London UK 86.8 60.0 50.0 83.1

4 University of California, San Francisco USA 54.5 83.0 63.8 79.6
5 University of Pennsylvania, Philadelphia USA 51.8 77.2 55.9 72.9
6 University of California, San Diego USA 42.0 72.8 64.5 71.2
7 Johns Hopkins University, Baltimore USA 47.5 70.8 59.1 70.8
8 Washington University, St. Louis USA 37.9 85.4 58.6 69.4
9 University of Washington, Seattle USA 471 69.7 55.4 68.4
10 University of California, Los Angeles USA 47.0 66.2 54.3 67.0
1 Yale University, New Haven USA 375 74.5 59.0 66.7
12 Stanford University USA 379 68.3 59.8 65.7
13 Rockefeller University, New York USA 14.1 100.0 67.0 65.3
14 University of Wisconsin at Madison USA 36.9 76.6 53.3 64.0
15 University of Cambridge UK 34.6 67.4 58.3 63.1

16 Baylor College of Medicine, Houston USA 30.5 80.9 55.3 62.9
17 |University of Oxford UK 31.8 726 58.1 62.9
18 Duke University, Durham USA 31.5 72.4 55.8 61.5
19 Osaka University Japan 43.4 69.2 45.2 61.4
20 Kyoto University Japan 41.7 711 45.7 61.2
21 Massachusetts Institute of Technology (MIT), Cambridge USA 274 60.2 64.2 60.6
22 University of Texas at Dallas USA 258 775 56.8 60.5
23 Universités de Paris (I - XIII) France 48.4 59.3 41.7 59.7
24 Columbia University, New York USA 32.0 58.3 58.3 59.5
25 University of California, Berkeley USA 324 54.1 59.8 59.4
26 Case Western Reserve University, Cleveland USA 25.7 82.5 52.0 59.3
27 Cornell University, Ithaca USA 32.2 68.3 52.4 59.2
28 University of North Carolina at Chapel Hill USA 279 71.6 54.8 59.1

29  |Yeshiva University USA 20.7 85.8 54.5 58.8
30 University of Toronto Canada 40.9 57.3 48.4 58.7
31 McGill University, Montreal Canada 30.2 73.4 51.0 58.7
32 University of Michigan, Ann Arbor USA 36.5 61.3 50.0 58.4
33 Vanderbilt University, Nashville USA 25.9 82.5 49.7 58.2
34 University of lowa, lowa City USA 24.4 78.7 51.9 57.7
35 Karolinska Institutet, Stockholm Sweden 30.7 73.5 48.0 57.5
36 University of Medicine and Dentistry (UMDNJ), New Brunswick USA 26.4 73.4 51.7 57.2
37 University of Alabama at Birmingham USA 231 85.5 47.6 56.5
38 State University of New York (SUNY) at Stony Brook USA 15.4 76.5 58.5 55.9
39 Université de Geneve Switzerland 12.7 66.4 65.8 55.7
40 University of Wales, Aberystwyth UK 0.5 225 100.0 55.7
41 New York University (NYU) USA 211 68.0 56.2 55.5
42 |University of Utah, Salt Lake City USA 19.6 721 55.0 55.1

43 Universitat Basel Switzerland 10.4 75.0 60.9 54.2
44 University of Chicago USA 23.1 61.4 54.3 53.9
45 University of Massachusetts at Amherst USA 16.1 70.6 56.0 53.5
46 University of Dundee UK 10.1 85.9 54.2 53.4
47  |Oregon Health & Sciences University, Portland USA 12.3 80.6 53.9 53.1

48 University of Edinburgh UK 17.3 731 51.9 52.7
49 Universités de Strasbourg (I - Il) France 134 69.8 56.4 52.1

50 Universitat Zirich Switzerland 17.4 73.1 50.7 52.1

Sources: Center for Science and Technology Studies (CEST); Thomson Scientific (SCI/SSCI/AHCI); Milken Institute

The collective Universités de Paris (I-XIII), with 5,368 publications, scores second among European universities and sixth
overall, and ahead of Cambridge and Oxford in the UK. While not scoring as high on the Impact of citations, it does
indicate an opportunity for Universités de Paris to improve on this important measure of research quality. At other European
universities, researchers at Sweden’s Karolinska Institutet produced 3,403 papers; and Switzerland’s Université de Geneve,
Univeritdt Basel and Univeritdt Ziirich; the UK’s University of Wales and University of Dundee; and France’s Universités
de Strasbourgh (I-IIT) are top performers. Baylor College of Medicine in Texas, and the University of Toronto and McGill
University in Canada, score well among North American universities. Osaka University produced 4,821 publications (ninth).
Kyoto University follows closely, with 4,630 (11%). The University of Science and Technology of China (USTC) had 1,347
publications, a fairly high number, but with a very low Impact.
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The following table details some key issues concerning mix of publications Among the subfields where Harvard University
edges out its competitors are: multidisciplinary, cell and developmental biology, and molecular biology and genetics. The
University of Tokyo has a higher Publications count than any other university observed in biochemistry and biophysics.
The University of London leads in four fields: biology; biotechnology and applied microbiology; experimental biology; and
microbiology.

Milken Institute University Biotechnology Publication Ranking
Number of Biotech Publications by Subfield, Top 50, 1998-2002

Biotech & Cell & Molecular
Applied Multi- Biochem. | Experim. [ Micro- | Developmental | Biology &
Rank |University Country Biology | Mi iology isciplinary |& Biophysi Biology | biology Biology Genetics
1 [|Harvard University, Cambridge USA 238 58 2,142 3,143 272 1,073 2,322 1,850
University of Tokyo Japan 235 156 742 4,083 226 1,388 1,053 1,535
3 [University of London UK 277 163 1,101 2,742 621 1,543 1,368 1,818
4 |University of California, San Francisco USA 0 0 1,044 2,105 87 519 1,402 892
5 |University of Pennsylvania, Philadelphia USA 64 0 817 1,911 146 651 1,025 1,131
6 |University of California, San Diego USA 117 0 1,047 1,398 188 338 953 616
7 |Johns Hopkins University, Baltimore USA 68 0 917 1,650 96 582 743 1,221
8 |Washington University, St. Louis USA 58 0 720 1,387 136 443 666 792
9 |University of Washington, Seattle USA 191 0 868 1,519 158 764 653 1,077
10 |University of California, Los Angeles USA 104 0 898 1,782 123 607 611 1,090
11 [Yale University, New Haven USA 85 0 778 1,274 929 397 813 721
12 |Stanford University USA 101 0 1,077 1,019 93 486 670 762
13 |Rockefeller University, New York USA 0 0 354 421 0 200 293 292
14 |University of Wisconsin at Madison USA 0 56 621 1,315 122 769 517 497
15 |University of Cambridge UK 126 0 556 1,014 244 378 592 933
16 |Baylor College of Medicine, Houston USA 0 0 382 745 53 280 812 1,116
17 |University of Oxford UK 119 0 525 1,112 247 538 283 702
18 |Duke University, Durham USA 107 0 652 1,175 139 358 501 560
19 |Osaka University Japan 66 154 420 2,216 84 547 604 730
20 |[Kyoto University Japan 102 102 602 1,993 134 425 662 610
21 |Massachusetts Institute of Technology (MIT), Cambridge USA 0 87 985 750 0 205 578 439
22 |University of Texas at Dallas USA 0 0 398 1,344 0 98 569 458
23 |Universités de Paris (I - XIII) France 270 0 455 1,801 295 866 866 815
24 |Columbia University, New York USA 77 0 665 928 89 219 758 818
25 |University of California, Berkeley USA 207 60 944 1,011 198 245 499 434
26 |Case Western Reserve University, Cleveland USA 0 0 471 970 70 294 422 625
27 |Cornell University, Ithaca USA 229 58 619 1,106 120 507 483 457
28 |University of North Carolina at Chapel Hill USA 61 0 343 1,040 69 430 569 583
29 |Yeshiva University USA 0 0 244 1,048 0 254 387 367
30 |University of Toronto Canada 97 0 607 1,686 124 266 746 1,012
31 |McGill University, Montreal Canada 80 56 325 1,071 80 318 500 918
32 |University of Michigan, Ann Arbor USA 141 0 701 1,463 128 398 564 652
33 |Vanderbilt University, Nashville USA 0 0 269 1,369 55 283 493 402
34 |University of lowa, lowa City USA 0 0 300 848 7 630 244 619
35 |Karolinska Institutet, Stockholm Sweden 0 0 366 1,353 115 548 415 606
36 |University of Medicine and Dentistry (UMDNJ), New Brunswick USA 113 0 378 1,055 60 385 457 478
37 |University of Alabama at Birmingham USA 0 0 253 1,059 0 579 313 360
38 |State University of New York (SUNY) at Stony Brook USA 73 0 217 694 73 131 261 262
39 |Université de Geneve Switzerland 0 0 143 423 0 182 363 301
40 |University of Wales, Aberystwyth UK 0 0 0 0 0 54 0 0
41 |New York University (NYU) USA 0 0 322 627 0 261 646 487
42 |University of Utah, Salt Lake City USA 61 0 371 665 104 119 324 527
43 |Universitat Basel Switzerland 0 0 134 426 0 123 238 238
44 |University of Chicago USA 140 0 450 714 107 163 404 588
45 |University of Massachusetts at Amherst USA 68 0 208 539 0 220 532 224
46 |University of Dundee UK 0 0 59 558 0 102 216 186
47 |Oregon Health & Sciences University, Portland USA 0 141 524 0 169 200 332
48 |University of Edinburgh UK 123 0 172 453 135 397 292 346
49 |Universités de Strasbourg (I - IIl) France 0 132 510 0 170 329 345
50 |Universitat Zirich Switzerland 7 0 221 580 103 346 236 370
Sources: Center for Science and Technology Studies (CEST); Thomson Scientific (SCI/SSCI/AHCI); Milken Institute

The next graph identifies Activity shares of the top 100 universities, taking into account the cumulative value of all eight
biotech subfields. Harvard University and the University of Tokyo have almost equal proportions of Activity in each subfield,
with the exception of multidisciplinary. The greatest share in biochemistry and biophysics, and microbiology, is claimed by the
Universitét Konstanz (Germany), followed by the University of Helsinki (Finland) and Universiteit Utrecht (Netherlands).
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Rockefeller University has the highest Activity in total biotech research. The University of Dundee has the second-highest
research focus in biotechnology, scoring 85.9 out of 100. The State University of New York (SUNY) at Stony Brook is a very close
third, scoring 85.8, and the University of Alabama at Birmingham, fourth, with a score of 85.5. Scoring 85.4, Washington
University is fifth. Other notable universities as measured by Activity include: UC San Francisco, at 83.0: and Vanderbilt
University, at 82.5. Among all universities (including those that are not in the top 50 in the University Biotechnology
Publications Ranking), Japan’s Nara Institute of Science and Technology is second (98.0) and Tokyo Medical and Dental
University is third (87.7). The University of Texas Health Science Center at San Antonio scores 84.1. Saitama University, in
Japan, records a score of 82.6, and Case Western Reserve University scores 82.5.

Biotechnology University Publication Ranking
Activity Shares, Universities on the Top 100 List, 1998-2002
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The results of Impact shares are similar. Harvard University has highly cited papers across all eight biotech subfields, while
the National Veterinary Institute (Oslo) and the Universitit Konstanz in Germany demonstrate strength in microbiology and
biochemistry and biophysics.

The University of Wales, Aberystwyth, excels in the Impact indicator, with a score of 100. But this remarkable performance
is an outlier, stemming from its high Impact within the subfield microbiology, where its research efforts are focused. Still,
among overall top 50 performers, Rockefeller, at second, is 33 index points behind. Among universities with a large research
base, UC San Diego scores 64.5, ranking third. UC San Diego has consistently high Impact scores but stands out for its
exemplary performance within the subfield cell and developmental biology, where it receives a 67 percent higher citation
rate than the university average in the sample.

MIT follows, with a score of 64.2, ranking it fourth among top 50 performers. This depicts the high Impact of its research
without the aid of affiliated clinical researchers. It, too, has consistently strong Impact scores but owes its position to papers
in cell and developmental biology, and molecular biology and genetics, being cited 72 percent and 61 percent, respectively,
more than the university average in the sample. Not far behind on research Impact is UC San Francisco, scoring 63.8
and ranking fifth among the top 50. UCSF is highly regarded in cell and developmental biology, publishes 13.6 percent
of the world’s papers in this field and is cited 69 percent more than the university average. Additionally, multidisciplinary
research is a UCSF strength, with 10.4 percent of all papers in the field and being 57 percent cited more frequently than the
university average.
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The Institut National des Sciences Appliquées de Toulouse is second in terms of Impact overall, at 90.3; with National
Veterinary Institute, Oslo, being third, essentially recording the same score. Carl von Ossietzky Universitit Oldenburg
(Germany) ranks fourth. The University of Idaho ranks fifth, followed by Université de Perpignan (France) and California
Institute of Technology.

Biotechnology University Publication Ranking
Impact Shares, Universities on the Top 100 List, 1998-2002
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The United States and Japan score highest internationally (13.3 percent) for biotech publications as a share of total university
publications. Belgium (12.6 percent) and Switzerland (12.4 percent) score highest in Europe.

Biotech Publ. as a Share of Total Uni. Publ.
Selected Countries, 1998-2002
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Rockefeller University records the highest research output (44 percent) when normalized by biotech publications as a share
of total publications produced by the university. Rockefeller University’s exceptional research structure has positioned the
university to be among the top 50 universities on the Milken Institute’s biotechnology university publication ranking. The
University of Dundee in the UK and the University at Texas at Dallas also distinguish themselves with an especially high
share of biotech publications.
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The University of Texas at Dallas, established in 1969, began as a small graduate research center and still
offers a strong emphasis in the sciences. For instance, the Department of Molecular and Cell Biology offers
an extensive range of undergraduate and graduate programs, while the Nanotech Institute develops new
science and technology exploiting the nanoscale.

Compilation of a biotechnology Publications ranking system is dependent upon subjective weighting of total Number of
Publications, Activity and Impact. Depending on the researcher’s objective, alternative weights will affect the university
rankings. One could make a reasonable argument, for example, that number of citations (Impact) should receive a higher
weight than the Number of Publications, as the former reflects peer assessments of the scientific contribution.

University of Dundee, UK

The University of Dundee departments of anatomy and physiology, biochemistry, biology and chemistry
combined to form the School of Life Sciences, which opened in 2000 and consists of eight research
divisions and a teaching unit in five buildings.

Dundee hosts the third-largest biotech cluster in the UK (after Cambridge and the region around Oxford),
up from seven companies to 40 in the past 10 years, and 12 of them spin-offs from the university.

In November 2005, the University of Dundee won the Queen’s Anniversary Prize for Higher Education
for its work in drug discovery. The prizes are awarded biennially to institutions of higher education
for work of exceptional benefit nationally or internationally, and constitute the highest honor in UK
higher education.

Nevertheless, we believe our methodology gives a reasonable depiction of
where individual universities fall among the continuum of their peers.
Further research will be helpful to determine whether recent changes in
publications patterns alter these rankings in a meaningful way. Chinese
universities seem most likely to improve their publication scores due to
increased emphasis by the government on biotechnology research, higher
funding and improvement in the Number of Publications in recent years.

Chinese universities seem most
likely to improve their publication
scores, the result of increased
emphasis on biotech research and
improvement in the Number of
Publications.

The two charts on the fllowing two pages contain additional information regarding university publication rankings. The
first gives biotech publications as a percent share of total university publications; the second portrays university publication
statistics pertinent to all fields.
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Milken Institute Biotechnology University Publication Ranking
Percent Share of Biotech Publications by University, Top 50, 1998-2002

Total Biotech| % Share
Total Publ. Biotech
Rank |University Country Univ. Publ.| by Univ. Publ.
1 Harvard University, Cambridge USA 58,563 11,098 19%
2 University of Tokyo Japan 53,711 9,418 18%
3 University of London UK 76,143 9,633 13%
4 University of California, San Francisco USA 26,017 6,049 23%
5 University of Pennsylvania, Philadelphia USA 31,982 5,745 18%
6 University of California, San Diego USA 23,688 4,657 20%
7 Johns Hopkins University, Baltimore USA 32,783 5,277 16%
8 Washington University, St. Louis USA 18,5627 4,202 23%
9 University of Washington, Seattle USA 34,266 5,230 15%
10  |University of California, Los Angeles USA 36,204 5,215 14%
11 Yale University, New Haven USA 22,733 4,167 18%
12 |Stanford University USA 25,279 4,208 17%
13 |Rockefeller University, New York USA 3,574 1,560 44%
14 |University of Wisconsin at Madison USA 23,543 3,897 17%
15 |University of Cambridge UK 23,994 3,843 16%
16  [Baylor College of Medicine, Houston USA 13,452 3,388 25%
17  |University of Oxford UK 21,331 3,526 17%
18  |Duke University, Durham USA 20,516 3,492 17%
19 |Osaka University Japan 31,257 4,821 15%
20 |Kyoto University Japan 27,618 4,630 17%
21 |Massachusetts Institute of Technology (MIT), Cambridge USA 18,293 3,044 17%
22 |University of Texas at Dallas USA 10,929 2,867 26%
23 |Universités de Paris (I - XIII) France 43,791 5,368 12%
24  |Columbia University, New York USA 24,723 3,554 14%
25 |University of California, Berkeley USA 25,408 3,598 14%
26 |Case Western Reserve University, Cleveland USA 13,612 2,852 21%
27 |Cornell University, Ithaca USA 23,100 3,579 15%
28  |University of North Carolina at Chapel Hill USA 20,109 3,095 15%
29 |Yeshiva University USA 10,148 2,300 23%
30 [University of Toronto Canada 35,108 4,538 13%
31 [McGill University, Montreal Canada 18,846 3,348 18%
32  |University of Michigan, Ann Arbor USA 30,021 4,047 13%
33  [Vanderbilt University, Nashville USA 13,403 2,871 21%
34 |University of lowa, lowa City USA 15,519 2,712 17%
35 [Karolinska Institutet, Stockholm Sweden 22,212 3,403 15%
36 |University of Medicine and Dentistry (UMDNJ), New Brunswick USA 18,181 2,926 16%
37  |University of Alabama at Birmingham USA 12,676 2,564 20%
38 [State University of New York (SUNY) at Stony Brook USA 8,745 1,711 20%
39 |Université de Genéve Switzerland 9,760 1,412 14%
40 |University of Wales, Aberystwyth UK 1,275 54 4%
41 [New York University (NYU) USA 14,748 2,343 16%
42 |University of Utah, Salt Lake City USA 11,074 2,171 20%
43 |Universitat Basel Switzerland 6,699 1,159 17%
44 |University of Chicago USA 1