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EXECUTIVE SUMMARY

Our research identifies areas where
institutional or social barriers appear to have
differential effects by gender or ethnicity on
pursuit of a science or engineering career.  We
do so by developing a new panel database
containing information by gender, ethnicity
and field of study on degrees granted, fall
enrollments, and faculty at all four-year
colleges and universities and at top research
universities in California, Massachusetts, and
New York.  Our conclusions are limited by our
inability with existing data to follow particular
students through their academic careers and
transition to work-life.  The questions raised
may justify the high cost of a large, well-
designed longitudinal study of the educational
paths underlying ultimate career choices.

While it is hard to say just how many
students should be pursuing science and
engineering degrees, the very small numbers
of degrees granted in these areas by all colleges
and universities (see Figures 2.21-2.25) and
especially the top research universities (see
Figures 2.31-2.35) is disturbing given their
proven role in economic growth.  When
degrees are broken down by gender, barriers to
women’s entry into science and engineering
appear to remain an important although
waning impediment to equal opportunity.
Women receive somewhat more baccalaureate
and master’s degrees for all subjects than do
men although still receiving somewhat fewer
doctoral degrees which are often more
important for science and engineering (Figure
2.26).  When we restrict ourselves to science
and engineering degrees, women continue to
lag behind men overall and at the top research
universities, especially in engineering and the
physical, mathematical and computational
sciences (Figures 2.27, 2.29-2.30, 2.37, 2.39-
2.40).  The exception of the life and health
sciences (Figures 2.28 and 2.38) point to the
importance of degrees for licensing and pay in
the traditional “women’s jobs” of nursing and
(in terms of all degrees) K-12 teaching.

An examination of university faculties by
gender and ethnicity is beyond the scope of
this project.  However, the very low share of
women among senior faculty in California’s
top research universities – only about 15% in
1996 – suggests that a lack of role models and
mentors could well be an important factor
deterring young women from preparing for a
career in science and engineering (Figures 2.87-
2.89).

Examination of the critical paths from
baccalaureate to advanced degrees confirms
the importance of differential barriers for
women in science and engineering.  Adhesion
rates (the ratio of the number of more
advanced degrees to less advanced degrees
lagged for time to completion) are similar for
the bachelor’s/master’s transition, but about
one third lower for women than for men for
the master’s/doctoral transition (Chart 3.3).
The master’s/doctoral results are slightly
better for the crucial subset of top research
universities – about one quarter lower for
women than men – but this reflects the lesser
role of the research universities in the
production of terminal master’s degrees
(Chart 3.6).  The bachelor’s/doctoral adhesion
rates for science and engineering are 35%
lower for women than men in top research
universities compared to 37% lower in all
universities (Charts 3.3, 3.6).  Taken together,
this evidence supports continuing efforts to
ensure that girls are not directed away from
scientific interests or otherwise deterred from
these fields not only before but also in our
colleges and universities.

Ethnic differences in barriers to pursuing a
science or engineering career may well be
more important than those for gender but it is
inherently more difficult to define egalitarian
outcomes.  Given differences in how the raw
data underlying our panel and census data are
collected, we have comparable groups only for
resident populations and degrees granted to
U.S. residents classified as Hispanics; non-



Hispanic whites; Asian or Pacific Islanders;
and non-Hispanic blacks and others.  We
compute the ratios of degree shares for these
four groups among U.S.-resident recipients
with corresponding shares of state
populations.  These degree-population ratios
are most useful for data for California and
New York bachelor’s degrees since these states
primarily draw undergraduates from within
their borders.  Massachusetts has a large
number of colleges and universities which
compete in a regional if not national or
international market so that it is less clear
what is the correct population base to compare
to the state’s degree recipients.  For master’s
and especially doctorate degrees all three
states draw considerable numbers of students
from other states, limiting the usefulness of
degree-population ratios.

Despite these caveats, it is clear that non-
Hispanic whites and especially Asian or
Pacific Islanders are over represented and
Hispanics and non-Hispanic blacks and others
are underrepresented (Figures 2.66-2.70 and
2.76-2.80).  While most Americans are willing
to view cultural and social barriers to gender
equality as wrong, in the ethnic arena
policymakers face a more difficult task of
parsing between discriminatory barriers and
behavioral effects of different but equally valid
cultural values and practices.1 Are we to
believe that the dominant non-Hispanic
whites in America have discriminated in favor
of Asian or Pacific Islanders?  Or, do we
instead view cultural emphasis on academic
achievement as admirable values which result
in more students, more degrees, more
professors, and more or larger universities in
long-run equilibrium without depriving those
from other ethnic groups of a place?  For
Hispanics, underrepresentation in higher
education may well reflect the relatively recent
immigration of Hispanics or their parents.
Non-Hispanic blacks and others may be
contending with both current discrimination

and the lingering effects of past
discrimination, but there are also cultural
values within some communities comprising
this group that devalue both higher education
and science.  Policymakers must decide the
relative importance of these impediments and
their validity in a diverse society.

Examination of the critical paths from
bachelors to advanced degrees strengthens
case for the importance of barriers beyond
cultural differences.  The non-resident-alien
bachelor’s-doctoral adhesion rates are
extraordinarily high due to large inflows from
outside the system.  Among U.S. residents, the
bachelor’s-doctoral adhesion rate for all
California science and engineering degrees is
10.3% compared to just under 6% for Asians
and Pacific islanders and for non-Hispanic
blacks and 4% or just under for Hispanics and
for American Indians and Alaskan natives
(Chart 3.7).  Restricting the degrees to those
from top research universities actually
increases the differentials: 28.4% for non-
Hispanic whites versus 15.2% for
non-Hispanic blacks and about 12% for Asians
and Pacific islanders, Hispanics, and
American Indians and Alaskan natives (Chart
3.11).  Policymakers should be able to find
ways to increase the numbers of minority
students completing preparation for
contribution at the highest level in science and
engineering.

Further training as a postdoctoral appointee
(“postdoc”) has become nearly standard in
science and engineering.  The number of
students completing postdocs in science and
engineering is close to the number of students
receiving doctoral degrees in these areas in
California (Figures 4.1-4.4).  Nearly all of
California’s postdocs have appointments in
the state’s top research universities.  These
individuals will play a key role in the
development of science and new technologies,
but very little is currently done to collect data

2

1 Since – as Jessie Bernard (1981) has noted – the cultural differences between the male and female worlds may be
as large as those between different ethnicities, we view the distinction as more a political than a logical one.



or consider the role of postdocs in California’s
innovation system.  This oversight should be
remedied.

The contribution of California’s colleges
and universities to the state’s economic
growth and standard of living goes far beyond
the education of highly qualified students who
can work in and ultimately lead high-
technology and other firms.  California is
blessed through wise private and public
investments with a disproportionate share of
the very best and brightest faculty in the
science and engineering bases for current and
emerging technologies.  Faculty play a key role
in keeping California industry on the leading
edge not only by consulting for nearby firms
but often founding them to exploit discoveries
so novel that they could not be licensed
without the active involvement and
investment of the discovering scientists.2

Patenting provides a direct measure of
creation of new technologies. Firm patents
increased 6-fold from 1980 to 2000 while
university patents increased 10-fold (Figures
6.1-6.2).  California’s top research universities
do somewhat better than New York – but lag
behind Massachusetts – in patenting relative
to state population or overall state patenting
(Figure 6.6).

Collaborative research involving both firm
employees and professors from top research
universities is a particularly potent way to
transfer new knowledge to industry and tends
to be followed by much more rapid growth in
firm employment and value.  Collaborative
firm-top research university patents in
California increased rapidly after 1995,
implying accelerated high-technology growth
ahead (Figures 6.1-6.2).

3

2 Zucker and Darby (1996), Zucker, Darby, and Brewer (1998), Zucker, Darby, and Armstrong (1998, 2002), Darby
and Zucker (2001), Jensen and Thursby (2001).
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California’s universities and colleges play a
critical role in training the scientists and
engineers who are the key competitive
element in the state’s high-tech driven
economy. It is far easier to produce these key
personnel in California and then retain them
after their education is complete than to try to
attract them from other states or countries.3
California’s universities and their professors’
play a leading role in defining the frontiers of
science and engineering (S&E). Global
recognition of our outstanding academic
science base helps retain and attract the best
people who want to work where innovation
flourishes and who want to provide an
excellent education for their children.4 In
addition, inventions of university faculty
directly contribute to technological progress.
This progress is localized largely because of
the need for involvement of the inventors in
moving from concept or prototype to market
whether in existing firms or in numerous
startups through which the professors prove
their better mousetrap despite initial
resistance.5

This project is in the nature of a fact-finding
mission for the Council and the heart of the
report are the figures illustrating the detailed
findings in Appendix A and the electronic
databases submitted to the Council with the
report. Facts – like better mousetraps – are not
always effective spokesmen for themselves.
Therefore, this part  of the report serves both to
highlight key findings and issues which are
immediately apparent from the data and also
to serve as an advertisement for the large
amount of unexplored information which they
contain. 

Our main efforts were devoted to
developing a machine-readable panel
database derived from the Integrated
Postsecondary Education Data System
(IPEDS) Survey of the National Center for
Education Statistics (NCES) in the U.S.
Department of Education. This involved
developing a standard format for inputting
each year’s data, imputing missing
observations, and aggregating to the state
level. The methodology used is described in
detail in the Sources and Methodology section
in Appendix A below. This panel database
contains information by gender, ethnicity and
field of study on degrees granted, fall
enrollments, and faculty.

In this report we aggregate to three major
S&E areas as defined in Appendix A: life and
health sciences; physical, mathematical and
computational sciences; and engineering. We
report the sum of these three areas as “all
sciences and engineering.” We also report as
“all subjects” data covering all fields of study
at colleges and universities, technical and
nontechnical. We have developed these data
for California and two comparison states,
Massachusetts and New York. Because the
format of the source data varies by year, there
is considerable hand labor involved in
inputting each institution in a state, thus the
number of states considered is resource
constrained.

Variables are also aggregated at the level of
only the “top research universities” in each
state. As discussed in Appendix A (Table A.2),
we adopted the list of top research universities
which the Institute of Scientific Information
has developed for its data products. All twelve

1. INTRODUCTION, METHODOLOGY AND SOURCES

3 The attractions of the state are clearest for those who have experienced them. For example, 47.1% of doctoral
students who went to high school in California plan to return to the state after their doctorate compared to a
national average of only 28.9% (Sanderson, Dugoni, Hoffer, and Selfa 1999. Table 28, p. 61).

4 See our earlier work on California’s science base (Darby and Zucker 1999 and Zucker and Darby 1999).
5 On faculty involvement in commercialization and localized economic development, see Zucker and Darby (1996,

2001), Zucker, Darby, and Armstrong (1998), Jensen and Thursby (2001), and Darby and Zucker (2001).
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top research universities in California are
represented on the California Council on
Science and Technology.

We have supplemented these data with
additional panels on university patenting and
postdoctoral appointees by gender, ethnicity
and field of research. The patent files are
derived from Zucker-Darby project databases
containing all U.S. utility patents since the
1970s and classifying the organization type of
each assignee and linking each assignee to
other databases. The postdoctoral-appointee
data is from the National Science Foundation’s
Graduate Students and Postdoctorates in
Science and Engineering (Graduate Student
Survey). We did not have the resources to
create a full panel database for postdocs, but
we believe that postdoctoral training is a key
route by which California’s research
universities contribute to economic
development.

The rest of this report is an initial study of
critical linkages among California’s colleges
and universities and between them and the
California economy. The next section reports
on the numbers of degrees granted by level,
gender, ethnicity, and field and makes
comparison between all schools and top
research universities and across states. Section
3 uses these data to examine the critical
linkages in terms of adhesion rates (ratios of
degrees granted) for particular focus
universities reflecting retention of their own
students and attraction from outside the focus
groups. Section 4 reports on the growth in
postdoctoral fellows to a number increasingly
comparable with the number of S&E doctoral
students. Section 5 relates these findings to the
literature on the effects of academe on local
economic development. University patenting
is examined next in Section 6 as an indicator of
direct academic contributions to new
technology, with particular emphasis on
industry-university cooperative research.
Section 7 contains the conclusions.
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An engaging television commercial
(current in April 2001) lists the
numbers of graduates in various S&E
subjects as students are shown
pursuing their studies and research.
For the punch line, the announcer
asks “Would you believe all these
graduates are from one place?” One
of the students [actually the state’s
youthful and charming Governor]
turns from professor to camera and
says “Pennsylvania.”

High-technology companies are built
around people with the training and brains to
pioneer new products and processes. As the
work becomes more routine and less
remunerative, it is shifted to other firms
and/or regions which have a comparative
advantage in work requiring lower skills. The
expertise developed in the high-technology
phase eventually becomes routinized, often
through incorporation in specialized machines
and in the production methods which use
them. Pennsylvania is not alone in trying to
develop a high-tech driven economy such as is
associated with Massachusetts and parts of
California and New York. High-tech
economies are all based on highly skilled work
forces and this section assesses the
contribution of California’s colleges and
universities to producing that labor force for
the state.

Figures 2.1-2.5 show the overall growth in
enrollment and the rather small share of S&E
degrees in the total. They also show that
growth in S&E degrees granted is primarily
the result of increasing participation by
women. This increase is concentrated in the
life and health sciences which continue to
grow (both men and especially women). Head
counts continue to stagnate or decline in
engineering and physical, mathematical, and
computational sciences, except at the doctoral
level where there is some growth. Figures 2.6-
2.10 illustrate the changing ethnic composition
of the California student body away from non-

Hispanic whites toward all other groups,
especially Hispanic- and Asian-Americans
except at the doctoral level where non-
Hispanic whites are also increasing. The top
research universities (Figures 2.11-2.20) follow
a similar pattern except male growth is
stronger in the life and health sciences and
degrees trend slightly up in the physical,
mathematical, and computational sciences and
engineering.

Figures 2.21-2.40 show patterns similar to
those in California schools are going on in
Massachusetts and New York. Figures 2.41-
2.60 correct the overall and gender results for
differences in total state population. Figures
2.61-2.80 explore variations in degrees granted
by ethnicity across states both in absolute
terms and relative to the ethnic distribution of
each state’s population. Asian-Americans and
non-Hispanic whites are generally over-
represented relative to population.

Figures 2.81 and 2.82 illustrate the
increasing importance of nonresident aliens at
more advanced degree levels. Nonresident
aliens are generally a larger share of bachelor’s
and master’s degrees in top universities than
in all institutions (Figure 2.83). Figures 2.85
and 2.86 graphically illustrate the low
percentage of science and education degrees
among all degrees except at the doctoral level.

A possible deterrent to students pursuing a
career in science and engineering is a lack of
faculty mentors and role models of the same
gender and/or ethnicity.  A study of these
characteristics for all faculty is beyond the
scope of this project but is urgently needed.
Suggestive evidence is provided here from
available data on gender of faculty by rank
among the top research universities.  Figure
2.87 shows both the dominance of men at the
ranks of full and associate professors in all
states, with New York doing somewhat better
in terms of senior women than California or
Massachusetts.  Figures 2.88 and 2.89 examine

2. DEGREES GRANTED AND TOP RESEARCH UNIVERSITY FACULTY
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changes 1992-1996 in the gender make-up of
California’s top-research faculties by rank.
Women are in the majority only among the
relatively marginal “other faculty” category.
Their share among the senior ranks is growing
slowly over time, but is still quite low.
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Figure 2.1 -- California Degrees Granted by All Colleges and Universities by Level and Gender,
1988 - 1996, All Subjects
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Figure 2.2 -- California Degrees Granted by All Colleges and Universities by Level and Gender,
1988 - 1996, All Sciences and Engineering

Figure 2.3 -- California Degrees Granted by All Colleges and Universities by Level and Gender,
1988 - 1996, Life and Health Sciences
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Figure 2.4 -- California Degrees Granted by All Colleges and Universities by Level and Gender,
1988 - 1996, Physical, Mathematical and Computational Sciences

Figure 2.5 -- California Degrees Granted by All Colleges and Universities by Level and Gender,
1988 - 1996, Engineering
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Figure 2.6 -- California Degrees Granted by All Colleges and Universities by Level and Ethnicity,
1988 & 1996, All Subjects

Figure 2.7 -- California Degrees Granted by All Colleges and Universities by Level and Ethnicity,
1988 & 1996, All Sciences and Engineering
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Figure 2.8 -- California Degrees Granted by All Colleges and Universities by Level and Ethnicity,
1988 & 1996, Life and Health Sciences

Figure 2.9 -- California Degrees Granted by All Colleges and Universities by Level and Ethnicity,
1988 & 1996, Physical, Mathematical and Computational Sciences
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Figure 2.10 -- California Degrees Granted by All Colleges and Universities by Level and Ethnicity,
1988 & 1996, Engineering

Figure 2.11 -- California Degrees Granted by Top Research Universities by Level and Gender, 1988 -
1996, All Subjects
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Figure 2.12 -- California Degrees Granted by Top Research Universities by Level and Gender, 1988 -
1996, All Sciences and Engineering

Figure 2.13 -- California Degrees Granted by Top Research Universities by Level and Gender, 1988 -
1996, Life and Health Sciences
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Figure 2.14 -- California Degrees Granted by Top Research Universities by Level and Gender, 1988 -
1996, Physical, Mathematical and Computational Sciences

Figure 2.15 -- California Degrees Granted by Top Research Universities by Level and Gender, 1988 -
1996, Engineering
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Figure 2.16 -- California Degrees Granted by Top Research Universities by Level and Ethnicity, 1988
& 1996, All Subjects

Figure 2.17 -- California Degrees Granted by Top Research Universities by Level and Ethnicity, 1988
& 1996, All Sciences and Engineering

 0

5,000

10,000

15,000

20,000

25,000

WhiteNon Resident Alien

Asian or Pacific Islander

Other not Classified

Black Non Hispanic

Hispanic
American Indian/Alaskan NativeBac

hel
or

's 
D

eg
re

es
 19

88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96

N
u

m
b

er
 o

f 
D

eg
re

es

 0
 500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

WhiteNon Resident Alien

Asian or Pacific Islander

Other not Classified

Black Non Hispanic

Hispanic
American Indian/Alaskan NativeBac

hel
or

's 
D

eg
re

es
 19

88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96

N
u

m
b

er
 o

f 
D

eg
re

es



17

Figure 2.18 -- California Degrees Granted by Top Research Universities by Level and Ethnicity, 1988
& 1996, Life and Health Sciences

Figure 2.19 -- California Degrees Granted by Top Research Universities by Level and Ethnicity, 1988
& 1996, Physical, Mathematical and Computational Sciences
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Figure 2.20 -- California Degrees Granted by Top Research Universities by Level and Ethnicity, 1988
& 1996, Engineering

Figure 2.21 -- Degrees Granted by All Colleges and Universities by Level, 1988 & 1996, All Subjects;
California, Massachusetts, and New York
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Figure 2.22 -- Degrees Granted by All Colleges and Universities by Level, 1988 & 1996, All Sciences
and Engineering; California, Massachusetts, and New York

Figure 2.23 -- Degrees Granted by All Colleges and Universities by Level, 1988 & 1996, Life and
Health Sciences; California, Massachusetts, and New York
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Figure 2.24 -- Degrees Granted by All Colleges and Universities by Level, 1988 & 1996, Physical,
Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.25 -- Degrees Granted by All Colleges and Universities by Level, 1988 & 1996, Engineering;
California, Massachusetts, and New York

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

California
New York

Massachusetts

Bac
hel

or
's 

D
eg

re
es

 19
88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96

N
u

m
b

er
 o

f 
D

eg
re

es

    0
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

N
u

m
b

er
 o

f 
D

eg
re

es

California
New York

Massachusetts

Bac
hel

or
's 

D
eg

re
es

 19
88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96



21

Figure 2.26 -- Degrees Granted by All Colleges and Universities by Level and Gender, 1988 & 1996,
All Subjects; California, Massachusetts, and New York

Figure 2.27 -- Degrees Granted by All Colleges and Universities by Level and Gender, 1988 & 1996,
All Sciences and Engineering; California, Massachusetts, and New York
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Figure 2.28 -- Degrees Granted by All Colleges and Universities by Level and Gender, 1988 & 1996,
Life and Health Sciences; California, Massachusetts, and New York

Figure 2.29 -- Degrees Granted by All Colleges and Universities by Level and Gender, 1988 & 1996,
Physical, Mathematical and Computational Sciences; California, Massachusetts, and New York
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Figure 2.30 -- Degrees Granted by All Colleges and Universities by Level and Gender, 1988 & 1996,
Engineering; California, Massachusetts, and New York

Figure 2.31 -- Degrees Granted by Top Research Universities by Level, 1988 & 1996, All Subjects;
California, Massachusetts, and New York
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Figure 2.32 -- Degrees Granted by Top Research Universities by Level, 1988 & 1996, All Sciences
and Engineering; California, Massachusetts, and New York

Figure 2.33 -- Degrees Granted by Top Research Universities by Level, 1988 & 1996, Life and Health
Sciences; California, Massachusetts, and New York
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Figure 2.34 -- Degrees Granted by Top Research Universities by Level, 1988 & 1996, Physical,
Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.35 -- Degrees Granted by Top Research Universities by Level, 1988 & 1996, Engineering;
California, Massachusetts, and New York
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Figure 2.36 -- Degrees Granted by Top Research Universities by Level and Gender, 1988 & 1996, All
Subjects; California, Massachusetts, and New York

Figure 2.37 -- Degrees Granted by Top Research Universities by Level and Gender, 1988 & 1996, All
Sciences and Engineering; California, Massachusetts, and New York
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Figure 2.38 -- Degrees Granted by Top Research Universities by Level and Gender, 1988 & 1996,
Life and Health Sciences; California, Massachusetts, and New York

Figure 2.39 -- Degrees Granted by Top Research Universities by Level and Gender, 1988 & 1996,
Physical, Mathematical and Computational Sciences; California, Massachusetts, and New York
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Figure 2.40 -- Degrees Granted by Top Research Universities by Level and Gender, 1988 & 1996,
Engineering; California, Massachusetts, and New York

Figure 2.41 -- Degrees Granted per Million by All Colleges and Universities by Level, 1988 & 1996,
All Subjects; California, Massachusetts, and New York

0

 500

1,000

1,500

2,000

2,500

N
u

m
b

er
 o

f 
D

eg
re

es

CA - Men
CA - Women

NY - Men
NY - Women

MA - Men
MA - Women

Bac
hel

or
's 

D
eg

re
es

 19
88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96

 0
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000

N
u

m
b

er
 o

f 
D

eg
re

es
 p

er
M

il
li

on
 P

eo
p

le

California

New York

Massachusetts

Bac
hel

or
's 

D
eg

re
es

 19
88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96



29

Figure 2.42 -- Degrees Granted per Million by All Colleges and Universities by Level, 1988 & 1996,
All Sciences and Engineering; California, Massachusetts, and New York

Figure 2.43 -- Degrees Granted per Million by All Colleges and Universities by Level, 1988 & 1996,
Life and Health Sciences; California, Massachusetts, and New York
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Figure 2.44 -- Degrees Granted per Million by All Colleges and Universities by Level, 1988 & 1996,
Physical, Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.45 -- Degrees Granted per Million by All Colleges and Universities by Level, 1988 & 1996,
Engineering; California, Massachusetts, and New York
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Figure 2.46 -- Degrees Granted per Million by All Colleges and Universities by Level and Gender,
1988 & 1996, All Subjects; California, Massachusetts, and New York

Figure 2.47 -- Degrees Granted per Million by All Colleges and Universities by Level and Gender,
1988 & 1996, All Sciences and Engineering; California, Massachusetts, and New York

 0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

10,000

N
u

m
b

er
 o

f 
D

eg
re

es
 p

er
M

il
li

on
 P

eo
p

le

CA - Men
CA - Women

NY - Men
NY - Women

MA - Men
MA - Women

Bac
hel

or
's 

D
eg

re
es

 19
88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96

 0

 500

1,000

1,500

2,000

2,500

N
u

m
b

er
 o

f 
D

eg
re

es
 p

er
M

il
li

on
 P

eo
p

le

CA - Men
CA - Women

NY - Men
NY - Women

MA - Men
MA - Women

Bac
hel

or
's 

D
eg

re
es

 19
88

Bac
hel

or
's 

D
eg

re
es

 19
96

M
as

te
r's

 D
eg

re
es

 19
88

M
as

te
r's

 D
eg

re
es

 19
96

D
oc

to
r's

 D
eg

re
es

 19
88

D
oc

to
r's

 D
eg

re
es

 19
96



32

Figure 2.48 -- Degrees Granted per Million by All Colleges and Universities by Level and Gender,
1988 & 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.49 -- Degrees Granted per Million by All Colleges and Universities by Level and Gender,
1988 & 1996, Physical, Mathematical and Computational Sciences; California, Massachusetts, and
New York
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Figure 2.50 -- Degrees Granted per Million by All Colleges and Universities by Level and Gender,
1988 & 1996, Engineering; California, Massachusetts, and New York

Figure 2.51 -- Degrees Granted per Million by Top Research Universities by Level, 1988 & 1996, All
Subjects; California, Massachusetts, and New York
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Figure 2.52 -- Degrees Granted per Million by Top Research Universities by Level, 1988 & 1996, All
Sciences and Engineering; California, Massachusetts, and New York

Figure 2.53 -- Degrees Granted per Million by Top Research Universities by Level, 1988 & 1996, Life
and Health Sciences; California, Massachusetts, and New York
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Figure 2.54 -- Degrees Granted per Million by Top Research Universities by Level, 1988 & 1996,
Physical, Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.55 -- Degrees Granted per Million by Top Research Universities by Level, 1988 & 1996,
Engineering; California, Massachusetts, and New York
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Figure 2.56 -- Degrees Granted per Million by Top Research Universities by Level and Gender, 1988
& 1996, All Subjects; California, Massachusetts, and New York

Figure 2.57 -- Degrees Granted per Million by Top Research Universities by Level and Gender, 1988
& 1996, All Sciences and Engineering; California, Massachusetts, and New York
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Figure 2.58 -- Degrees Granted per Million by Top Research Universities by Level and Gender, 1988
& 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.59 -- Degrees Granted per Million by Top Research Universities by Level and Gender, 1988
& 1996, Physical, Mathematical and Computational Sciences; California, Massachusetts, and New
York
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Figure 2.60 -- Degrees Granted per Million by Top Research Universities by Level and Gender, 1988
& 1996, Engineering; California, Massachusetts, and New York

Figure 2.61 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, All
Subjects; California, Massachusetts, and New York
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Figure 2.62 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, All
Sciences and Engineering; California, Massachusetts, and New York

Figure 2.63 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, Life
and Health Sciences; California, Massachusetts, and New York
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Figure 2.64 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996,
Physical, Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.65 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996,
Engineering; California, Massachusetts, and New York
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Figure 2.66 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, All Subjects; California, Massachusetts, and New York

Figure 2.67 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, All Sciences and Engineering; California, Massachusetts, and New York
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Figure 2.68 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.69 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, Physical, Mathematical and Computational; California, Massachusetts, and New
York
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Figure 2.70 -- Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, Engineering; California, Massachusetts, and New York

Figure 2.71 -- Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, All
Subjects; California, Massachusetts, and New York
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Figure 2.72 -- Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, All
Sciences and Engineering; California, Massachusetts, and New York

Figure 2.73 -- Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, Life and
Health Sciences; California, Massachusetts, and New York
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Figure 2.74 -- Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, Physical,
Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.75 -- Degrees Granted by Top Research Universities by Level and Ethnicity, 1996,
Engineering; California, Massachusetts, and New York
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Figure 2.76 -- Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, All Subjects; California, Massachusetts, and New York

Figure 2.77 -- Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, All Sciences and Engineering; California, Massachusetts, and New York

0%

50%

100%

150%

200%

250%

300%

350%

S
h

ar
e 

of
 E

th
n

ic
al

ly
 C

la
ss

if
ie

d
 U

.S
. 

R
es

id
en

t D
eg

re
es

 D
iv

id
ed

 b
y 

C
or

re
sp

on
d

in
g

S
ta

te
 P

op
u

la
ti

on
 E

th
n

ic
 S

h
ar

e
Bac

hel
or

's 
D

eg
re

es
 N

Y

Bac
hel

or
's 

D
eg

re
es

 M
A

M
as

te
r's

 D
eg

re
es

 C
A

M
as

te
r's

 D
eg

re
es

 N
Y

D
oc

to
r's

 D
eg

re
es

 C
A

D
oc

to
r's

 D
eg

re
es

 N
Y

Bac
hel

or
's 

D
eg

re
es

 C
A

D
oc

to
r's

 D
eg

re
es

 M
A

M
as

te
r's

 D
eg

re
es

 M
A

Non-Hispanic White

Refused & Not Classified/US Residents

Asian or Pacific Islander

Non-Hispanic Black & Other

Hispanic

0%

100%

200%

300%

400%

500%

600%

S
h

ar
e 

of
 E

th
n

ic
al

ly
 C

la
ss

if
ie

d
 U

.S
. 

R
es

id
en

t D
eg

re
es

 D
iv

id
ed

 b
y 

C
or

re
sp

on
d

in
g

S
ta

te
 P

op
u

la
ti

on
 E

th
n

ic
 S

h
ar

e

Bac
hel

or
's 

D
eg

re
es

 N
Y

Bac
hel

or
's 

D
eg

re
es

 M
A

M
as

te
r's

 D
eg

re
es

 C
A

M
as

te
r's

 D
eg

re
es

 N
Y

D
oc

to
r's

 D
eg

re
es

 C
A

D
oc

to
r's

 D
eg

re
es

 N
Y

Bac
hel

or
's 

D
eg

re
es

 C
A

D
oc

to
r's

 D
eg

re
es

 M
A

M
as

te
r's

 D
eg

re
es

 M
A

Non-Hispanic White
Refused & Not Classified/US Residents

Asian or Pacific Islander

Non-Hispanic Black & Other

Hispanic



47

Figure 2.78 -- Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.79 -- Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, Physical, Mathematical and Computational Sciences; California, Massachusetts,
and New York
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Figure 2.80 -- Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, Engineering; California, Massachusetts, and New York

Figure 2.81 -- Percentage Granted to Nonresident Aliens of All College and University Degrees by
Level, 1996; California, Massachusetts, and New York

0%

100%

200%

300%

400%

500%

600%

700%

S
h

ar
e 

of
 E

th
n

ic
al

ly
 C

la
ss

if
ie

d
 U

.S
. 

R
es

id
en

t D
eg

re
es

 D
iv

id
ed

 b
y 

C
or

re
sp

on
d

in
g

S
ta

te
 P

op
u

la
ti

on
 E

th
n

ic
 S

h
ar

e

Bac
hel

or
's 

D
eg

re
es

 N
Y

Bac
hel

or
's 

D
eg

re
es

 M
A

M
as

te
r's

 D
eg

re
es

 C
A

M
as

te
r's

 D
eg

re
es

 N
Y

D
oc

to
r's

 D
eg

re
es

 C
A

D
oc

to
r's

 D
eg

re
es

 N
Y

Bac
hel

or
's 

D
eg

re
es

 C
A

D
oc

to
r's

 D
eg

re
es

 M
A

M
as

te
r's

 D
eg

re
es

 M
A

Non-Hispanic White
Refused & Not Classified/US Residents

Asian or Pacific Islander

Non-Hispanic Black & Other

Hispanic

0

10%

20%

30%

40%

50%

60%

MANYCA

Engineering

Physical, M
athematical & Computational Sciences

Life & Health Sciences

All Sciences and Engineering

All Subjects

Engineering

Physical, M
athematical & Computational Sciences

Life & Health Sciences

All Sciences and Engineering

All Subjects

Engineering

Physical, M
athematical & Computational Sciences

Life & Health Sciences

All Sciences and Engineering

All Subjects

Bachelor's Degrees

Master's Degrees

Doctor's Degrees

N
on

re
si

d
en

t A
li

en
s'

 D
eg

re
es

 a
s 

P
er

ce
n

ta
ge

 o
f 

19
96

 T
ot

al



49

Figure 2.82 -- Percentage Granted to Nonresident Aliens of Top Research University Degrees by
Level, 1996; California, Massachusetts, and New York

Figure 2.83 -- Ratio of Percentage of Degrees Granted to Nonresident Aliens of Top Research
University to Same Percentage for All Colleges and Universities by Level, 1996; California,
Massachusetts, and New York
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Figure 2.84 -- Degrees Granted by Top Research University as a Percentage of All College and
University Degrees Granted by Level, 1996; California, Massachusetts, and New York

Figure 2.85 -- Science and Engineering Degrees as a Percentage of All Degrees Granted by All
Colleges and Universities by Level, 1996; California, Massachusetts, and New York
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Figure 2.86 -- Science and Engineering Degrees as a Percentage of All Degrees Granted by Top
Research Universities by Level, 1996; California, Massachusetts, and New York

Figure 2.87 -- Faculty of Top Research Universities by Rank and Gender; California, New York, and
Massachusetts, 1996
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Figure 2.88 -- Faculty by Rank and Gender for Top  Research Universities, California, 1992-1996

Figure 2.89 -- Female Professors as Percentage of Total by Rank at Top Research Universities,
California, 1992 - 1996
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Science and engineering have a universal
dimension that involves sharing of knowledge
and exchange of students. For example, the
curriculum will be generally similar across
universities and across states since there is
little that is local about the content of S&E
research and training programs. Once created
knowledge can be and is shared by other
scientists and engineers everywhere through
publications and conferences as well as
students trained in California who then move
elsewhere.

Students can arrive from other states and
countries, or can come from California but
leave the state for their education or at some
point during the process. This flow is at least
partially reciprocal—not identical in
magnitude but to some degree offsetting,
depending on the relative opportunities for
training and subsequent employment,
including starting a firm. While it would be
ideal to be able to track the critical path of each
student entering or leaving the California
educational system, we are instead able only
to estimate the aggregate flows from one
degree into the next. We turn to that task in
this section.

Chart 3.1 shows the critical path from a
bachelor’s degree in 1988 to a masters degree
in 1991 to a doctoral degree in 1995 for all
science and engineering and our three sub-
areas. We attempted to separate the degrees by
approximately the right number of years, and
measure the adhesion rate between each
degree in squares as well as the net
baccalaureate to doctoral (“Bac-Doc”)
adhesion rate. The adhesion rate is the sum of
the retention for students graduated at the
prior level within the focus university group
and the attraction rate (students brought in
from outside as a percentage of those students
graduated at the prior level within the focus
university group). Depending on the
definition of the focus group, the relative

importance of retention and attraction in
determining the overall adhesion rate appears
to vary greatly.

The patterns of adhesion rates across the
three sub-areas may reflect both the quality of
the educational experience as well as the
returns to different degree levels. Engineering
has the highest proportion of those earning a
baccalaureate degree complete the master’s
program, while the physical, mathematical
and computational sciences area has the
highest proportion of those earning master’s
go on to complete the doctoral program.

Charts 3.2 and 3.3 compare adhesion rates
across states for all science and engineering
degrees overall and broken down by gender.
California and Massachusetts display similar
adhesion rates, while New York’s are
considerably lower, particularly at the
Master’s/Doctoral transition. Charts 3.4-3.6
repeat Charts 3.1-3.3 for the set of top research
universities. The adhesion rates are
dramatically higher, presumably because
much higher attraction rates offset the
necessarily non-positive change in retention
rates. The New York top research universities
continue to under-perform on the adhesion
rate criterion because of very low master’s-
doctoral adhesion rates. Strikingly, California
women at top schools have a nearly 10
percentage point lower bachelor’s-master’s
adhesion rate compared to rates slightly
higher than the male rates in both
Massachusetts and New York. Women’s
masters-doctoral adhesion rates are 76% of the
male rate compared to around two thirds in
the other two states.

Charts 3.7-3.14 examine adhesion rates for
all science and engineering and our three sub-
areas by ethnicity for both all colleges and
universities and the top research universities.
Non-Hispanic white recipients of a bachelor’s
degree do considerably better than all other

3. CRITICAL PATHS FOR SCIENCE AND ENGINEERING EDUCATION SYSTEM
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resident ethnic groups in proceeding all the
way to an S&E doctoral degree. Surprisingly
Asian-American bachelor’s recipients are no
more likely than non-Hispanic Blacks to
proceed to the doctorate. Hispanics have very
low baccalaureate-doctorate adhesion rates at
this stage of the immigration/acculturation
process. The very high adhesion rates for
nonresident aliens reflects high attraction rates
due to the remarkable American comparative
advantage in graduate education.

We also looked at fall enrollments compared
to degrees granted as an indicator of college
and university performance. Unfortunately
the enrollment data are weak at allocating
students to major fields of study. Figures 3.1
and 3.2 give the raw undergraduate
enrollment numbers for all subjects, while
Figures 3.3 and 3.4 indicate how many years it
would take for all these students to get a
degree at current rates. This “inventory” ratio
declined sharply in the 1990s, particularly for
the top research universities. Those
universities’ student-degree ratio fell to only
about 3.6 years from 1990 to 1996. Figures 3.5-
3.8 present analogous comparative data across
states. We believe the low student-degree ratio
for California’s top research universities
reflects the state’s unique emphasis on
community colleges and the California State

University system, with the University of
California campuses taking large numbers of
junior transfers.

The enrollment figures for graduate
students confirm that the bulk of growth in
higher education enrollment – like the labor
force – is coming from the increasing
participation of women while male
participation is flat or declining. We saw in
examining the adhesion rates in Charts 3.3 and
3.6 that women are not only under represented
in sciences and engineering at the
baccalaureate level but become increasingly so
at higher level degrees. Thus, growing
participation has considerable room to go at
least in the technical fields.

The graduate student-degree ratio has
remained steady around 3.3 years for all
California colleges and universities while
declining from 2.8 to 2.6 years for top research
universities (Figures 3.11-3.12). In the same
period gender differences were largely
eliminated for this ratio in the top universities.
It is unclear whether there is some real process
driving this anomaly or merely a change in
administrative practices. In Massachusetts and
New York, graduate student-degree ratios
dropped both for all schools and top research
universities (Figures 3.15-3.16).
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Chart 3.1 -- Critical Paths from Baccalaureate to Doctoral Degrees, All Colleges and Universities, All
Science and Engineering Degrees and Subfields, California, 1988-1995

Chart 3.2 -- Critical Paths from Baccalaureate to Doctoral Degrees, All Colleges and Universities, All
Science and Engineering Degrees; California, New York, and Massachusetts, 1988-1995

All Sciences & Engineering Engineering Physical, Mathematical & Life & Health Sciences
Computational Sciences

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
22,338 8,548 6,053 7,737

40.5% 45.8% 34.4% 39.5%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
9,056

 3,916 2,084 3,056

28.2% 20.3% 43.0% 29.0%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
2,555 794 897 885

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
11.4% 9.3% 14.8% 11.4%

California Massachusetts New York

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
22,338 10,154 20,400

40.5% 41.7% 38.9%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
9,056 4,236 7,941

28.2% 29.3% 21.3%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
2,555 1,243 1,692

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
11.4% 12.2% 8.3%
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Chart 3.3 -- Critical Paths from Baccalaureate to Doctoral Degrees by Gender, All Colleges and
Universities, All Science and Engineering Degrees; California, New York, and Massachusetts, 1988-
1995

Chart 3.4 -- Critical Paths from Baccalaureate to Doctoral Degrees, Top Research Universities, All
Science and Engineering Degrees and Subfields, California, 1988-1995

California Massachusetts New York

Women Men Women Men Women Men

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
8,097 14,241 4,088 6,066 8,816 11,584

40.5% 40.6% 44.7% 39.7% 41.0% 37.4%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
3,278 5,778 1,829 2,407 3,613 4,328

21.6% 32.0% 19.8% 36.6% 13.3% 28.0%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
707 1,848 362 881 479 1,213

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
8.7% 13.0% 8.9% 14.5% 5.4% 10.5%

All Sciences & Engineering Engineering Physical, Mathematical & Life & Health Sciences
Computational Sciences

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
7,932   2,696        1,981 3,255

55.0% 86.4% 47.1% 33.8%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
4,364 2,329 934 1,101

55.2% 33.7% 91.4% 70.1%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
2,411 785 854 772

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
30.4% 29.1% 43.1% 23.7%
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Chart 3.5 -- Critical Paths from Baccalaureate to Doctoral Degrees, Top Research Universities, All
Science and Engineering Degrees, California, New York, and Massachusetts, 1988-1995

Chart 3.6 -- Critical Paths from Baccalaureate to Doctoral Degrees by Gender, Top Research
Universities, All Science and Engineering Degrees, California, New York, and Massachusetts, 1988-
1995

California Massachusetts New York

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
7,932 2,860 3,218

55.3% 58.0% 63.2%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
4,384 1,658 2,035

55.0% 57.8% 31.6%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
2,411 958 644

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
30.4% 33.5% 20.0%

California Massachusetts New York
Women Men Women Men Women Men

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
2,859 5,073 995 1,865 1,339 1,879

49.5% 58.2% 58.5% 57.7% 63.7% 62.9%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
1,414 2,950 582 1,076 853 1,182

45.6% 59.9% 45.7% 64.3% 24.2% 37.1%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
645 1,766 266 692 206 438

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
22.6% 34.8% 26.7% 37.1% 15.4% 23.3%
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Chart 3.7 -- Critical Paths from Baccalaureate to Doctoral Degrees, All Colleges and Universities, All
Science and Engineering Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.

Chart 3.8 -- Critical Paths from Baccalaureate to Doctoral Degrees, All Colleges and Universities,
Life and Health Sciences Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.

White Non Hispanic Asian or Pacific Islander Black Non Hispanic Hispanic Non Resident Alien
American Indian/
  Alaskan Native

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
12,721 5,427

     
677 1,610 1,457 176

34.5% 24.7% 28.8% 20.6% 126.0% 13.6%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
4,388  1,343      195 331 1,834 24

30.0% 23.1% 20.0% 18.1% 36.6% 29.2%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
1,316      310 39 60 672 7

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
10.3% 5.7% 5.8% 3.7% 46.1% 4.0%

White Non Hispanic Asian or Pacific Islander Black Non Hispanic Hispanic Non Resident Alien American Indian/
  Alaskan Native

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees
4,902 1,614 310 598 231 81

40.6% 20.3% 31.6% 24.4% 108.0% 14.8%

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees
1,988 328 98 146 249 12

26.2% 31.4% 21.4% 17.8% 61.4% 41.7%

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees
521 103 21 26 153 5

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
10.6% 6.4% 6.8% 4.3% 66.2% 6.2%



59

Chart 3.9 -- Critical Paths from Baccalaureate to Doctoral Degrees, All Colleges and Universities,
Physical, Mathematical and Computational Sciences Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.

Chart 3.10 -- Critical Paths from Baccalaureate to Doctoral Degrees, All Colleges and Universities,
Engineering Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.

White Non Hispanic Asian or Pacific Islander Black Non Hispanic Hispanic Non Resident Alien American Indian/
  Alaskan Native

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate

3,565 1,386 174 368 522 38

24.3% 19.5% 14.9% 13.9% 115..0% 10.5%

865 270 26 51 601 4

53.6% 35.2% 38.5% 41.2% 38.9% 25.0%

464 95 10 21 234 1

13.0% 6.9% 5.7% 5.7% 44.8% 2.6%

White Non Hispanic Asian or Pacific Islander Black Non Hispanic Hispanic Non Resident Alien American Indian/
  Alaskan Native

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate

4,254 2,427

 

193 644 704 57

36.1% 30.7% 36.8% 20.8% 140.0% 14.0%

1,535 745

    

71 134 984

    

8

21.6% 15.0% 11.3% 9.7% 29.0% 12.5%

331

    

112 8 13 285 1

7.8% 4.6% 4.1% 2.0% 40.5% 1.8%
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Chart 3.11 -- Critical Paths from Baccalaureate to Doctoral Degrees, Top Research Universities, All
Science and Engineering Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.

Chart 3.12 -- Critical Paths from Baccalaureate to Doctoral Degrees, Top Research Universities, Life
and Health Sciences Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted..

White Non Hispanic Asian or Pacific Islander Black Non Hispanic Hispanic Non Resident Alien American Indian/
  Alaskan Native

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate

4,355 2,391 210 468 467 41

49.0% 25.9% 43.8% 39.5% 246.0% 29.3%

2,132
     

620 92 185 1,147
     

12

57.9% 46.9% 34.8% 29.7% 57.0% 41.7%

1,235

     

291 32 55 654 5

28.4% 12.2% 15.2% 11.8% 140.0% 12.2%

White Non Hispanic Asian or Pacific Islander Black Non Hispanic Hispanic Non Resident Alien American Indian/
  Alaskan Native

1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees 1988 Bachelor's Degrees

1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees 1991 Master's Degrees

1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees 1995 Doctoral Degrees

Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate Bac-Doc Adhesion Rate
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Chart 13 -- Critical Paths from Baccalaureate to Doctoral Degrees, Top Research Universities,
Physical, Mathematical and Computational Sciences Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.

Chart 14 -- Critical Paths from Baccalaureate to Doctoral Degrees, Top Research Universities,
Engineering Degrees by Ethnicity, 1988-1995
Note: Refused and Not Classified category omitted.
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Figure 3.1 -- California Undergraduate Fall Enrollments (All Subjects) for All Colleges and
Universities by Gender and Total, 1986 - 1997

Figure 3.2 -- California Undergraduate Fall Enrollments (All Subjects) for Top Research Universities
by Gender and Total, 1986 - 1997
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Figure 3.3 -- California Undergraduate Fall Enrollments - Degrees Granted Ratio for All Colleges
and Universities by Gender and Total, 1988 - 1996

Figure 3.4 -- California Undergraduate Fall Enrollments - Degrees Granted Ratio for Top Research
Universities by Gender and Total, 1988 - 1996
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Figure 3.5 -- Undergraduate Fall Enrollments (All Subjects) for All Colleges and Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.6 -- Undergraduate Fall Enrollments (All Subjects) for Top Research Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York
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Figure 3.7 -- Undergraduate Fall Enrollments - Degrees Granted Ratio for All Colleges and
Universities by Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.8 -- Undergraduate Fall Enrollments - Degrees Granted Ratio  for Top Research
Universities by Gender and Total, 1988 & 1996; California, Massachusetts, and New York
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Figure 3.9 -- California Graduate Student Fall Enrollments (All Subjects) for All Colleges and
Universities by Gender and Total, 1986 - 1997

Figure 3.10 -- California Graduate Fall Enrollments (All Subjects) for Top Research Universities by
Gender and Total, 1986 - 1997
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Figure 3.11 -- California Graduate Fall Enrollments - Degrees Granted Ratio for All Colleges and
Universities by Gender and Total, 1986 - 1997

Figure 3.12 -- California Graduate Fall Enrollments - Degrees Granted Ratio for Top Research
Universities by Gender and Total, 1986 - 1997
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Figure 3.13 -- Graduate Fall Enrollments (All  Subjects) for All Colleges and Universities by Gender
and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.14 -- Graduate Fall Enrollments (All Subjects) for Top Research Universities by Gender and
Total, 1988 & 1996; California, Massachusetts, and New York
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Figure 3.15 -- Graduate Fall Enrollments - Degrees Granted Ratio for All Colleges and Universities
by Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.16 -- Graduate Fall Enrollments - Degrees Granted Ratio for Top Research Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York
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Figure 4.1 -- Postdoctoral Appointees at Top Research Universities, 1994 & 1998; California,
Massachusetts, and New York

Postdoctoral appointees (usually “fellows”)
are as important as they are statistically
neglected. They have become indispensable to
the research mission (including producing
patentable inventions) of the top research
universities (nearly all are at one of the top
universities – see Figure 4.2). They acquire
new state of the art skills and are frequently
the leading full-time employees when their
mentors start a side business to commercialize
one of the professors’ discoveries. They also
provide the highest skilled employees for
existing high technology firms and are
frequently the initiators of links between those
professors and their firms. Those links are key

to the growth and success of the firms, as
discussed in the next section of this report.

The practice of postdoctoral fellowships is
growing rapidly in the United States: For all
sciences and engineering there were 29,920
postdocs in 1991 and 38,506 in 1998 (Figure
4.3). Like S&E doctorates, most postdocs are
men (Figure 4.4). There were 7,075 postdocs in
all areas of science in engineering in
California’s top research universities in 1998.
There are now nearly three postdocs per S&E
doctoral degree granted by these universities.
That is, the doctoral degree in the sciences and
engineering is closer to a mid-course transition
in advanced training than a “terminal” degree.

4. THE IMPORTANCE OF POSTDOCTORAL APPOINTEES
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Figure 4.2 -- Postdoctoral Appointees in Top Research Universities as a Percentage of All
Postdoctoral Appointees, 1994 & 1998; California, Massachusetts, and New York

Figure 4.3 -- Postdoctoral Appointees in All U.S. Doctorate Granting Institutions, 1991 - 1998
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Figure 4.4 -- Postdoctoral Appointees by Field and Gender, All U.S., 1998
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We argue and demonstrate empirically the
critical role of new – especially breakthrough –
knowledge. University science and
engineering tends to work on the frontier of
knowledge and so is disproportionately the
source of breakthroughs. This knowledge is
frequently tacit in nature and difficult to
explain to others, inevitably embodied in the
discoverers and those who work at the lab
bench with them.

During the period that new knowledge is
systemized and diffused, it is likely to be
applied commercially near where it is
discovered. Social scientists have documented
the advantages of this “geographically
localized knowledge” to the research
productivity and market success of firms
located near the great research centers.6

Indeed, the very best academic scientists are
often directly involved in commercialization
of their discoveries through participation as
principals or consultants to firms newly
established for that purpose.7

As we documented in our earlier report to
CCST on California’s science base (Darby and
Zucker 1999, Zucker and Darby 1999),
California leads in top quality departments as
defined by the National Research Council.
Figure 5.1 reproduces results from that report.
California leads the high-technology state
average in population-adjusted numbers for
all areas of science in both 1982 and 1993,
usually by a wide margin, with the sole
exception of Computer/Information
Science/Multimedia in 1993 where California
has slipped behind. As we will discuss later,

the top universities also contribute most of the
advanced degree training in the state.

University training and research in science
and engineering have a major impact on the
growth of local industry. We illustrate this
point in Figure 5.2 by drawing data and
analysis from our on-going research program.8
Relying on the National Research Council’s
data on the number of doctoral programs (all
and top quality) across the country and on
Venture Economics for data on founding dates
of firms that ever received venture capital, we
predict the birth of new firms – high-tech or
non-high tech – by region per year. The
number of firm births per region is impacted
primarily by the top quality science and
engineering programs; the effect is limited
primarily to the high tech firms.

Our research program provides some
evidence of the processes that underlie the
dramatic effect of top quality S&E
departments on founding new high-tech
firms. Two main sets of findings provide
explanation of the observed effect: (a)
evidence of strong localized effects of
discoveries on commercial activity and (b)
evidence that actual work at the lab bench is a
main conduit through which joint research
between university and firm scientists
transmits breakthrough tacit knowledge.

• Location of top, “star” scientists
predicts location of firm entry into
new technologies (both new and
existing firms), found across the U.S.
and Japan in biotechnology (Zucker,
Darby, and Brewer 1998, Darby and
Zucker 2001) and for the

5. EFFECTS OF EDUCATION IN SCIENCE AND ENGINEERING ON LOCAL
ECONOMIC GROWTH

6 See particularly Jaffe (1986; 1989), Edwin Mansfield (1995), and Zucker, Darby, and Brewer (1998).
7 Zucker and Darby (1996) and Zucker, Darby, and Armstrong (1998, 2002). Scientists often publish more and better

science during the period of their commercial involvement, apparently due to the greater resources which result
from their commercial activities.

8 Database construction and analysis has been supported by the University of California’s Industry-University
Cooperative Research Program, The Sloan Foundation through the National Bureau of Economic Research, The
Japan Foundation, National Institute for Standards and Technology’s Advanced Technology Program, and NSF.
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semiconductor industry in the U.S.
(Torero, Darby, and Zucker 2001).

• Ties that involve actual work at the
bench level between star scientists
(mostly academics) and firm
scientists consistently have a
significant positive effect on a wide
range of firm performance measures
in biotechnology (Zucker, Darby, and
Armstrong 1998, 2002; Zucker and
Darby 2001) and in semiconductors
for number and quality of patents
(Torero 1998). Ties to stars also
shorten the time to IPO (firms are
younger) and increase the amount of
IPO proceeds (Darby, Zucker, and
Welch 2001).

• The higher the quality of an academic
star bio-scientist and the more
relevant his/her work to
commercialization, the more likely is
that scientist to move to a firm; the
larger the increase in citations to
other local star scientists during their
time with a firm, the more likely is it
that a given star will move to a firm
(Zucker, Darby, and Torero 2001). In
extending this work to Japan, we
again found significant effects of the
number of publications, but other
coefficients did not reach significance
with the smaller sample (Zucker,
Darby, and Torero 2000).

Figure 5.1 -- Population-Adjusted Shares of Top-Ten NRC Ranked Doctorate Programs, Overall and
by Major Science and Engineering Field, California versus High-Tech State Average, 1982 & 1993
Studies
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Figure 5.2 -- Effects of Number of Doctoral Programs on the Predicted Births of Firms per Region
per Year, OLS Estimates
Note: For this analysis the sample of firm births included only firms that eventually received
venture capital.
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Universities are an important source of new
technology for industry – particularly
breakthrough technologies which draw on a
science base different from an industry’s
current technology (Tushman and Anderson
1986). Publishing research in the public
domain is an important means of technology
transfer because it makes new ideas and
techniques widely available for use.
Unfortunately, most university inventions are
not immediately and obviously applicable to
industry and require much more investment
in research and development (and often in
marketing) before they become commercially
useful. If the inventions are in the public
domain, no single firm has the incentive to
make these crucial cooperative investments
because rivals can copy the result of this
investment without sharing in the cost. An
exception to this rule is where the
development investment can be expected to
result in additional patentable inventions so
that the final product is protected from
rivalrous entry.

Before 1980 inventions resulting from
federally-supported research were generally
in the public domain unless the contractor
(e.g., the university) applied to the granting
agency for special permission to patent as was
in fact successfully done in the case of the
Cohen-Boyer invention of genetic engineering.
Congress recognized that this costly and
burdensome process was rarely pursued, with
the result that many important inventions lied
fallow in academe or, in some cases, were
patented and exploited by foreign firms in
countries which did not require rigorous proof
of invention by the first filer of a patent claim.
The Patent and Trademark Amendments of

1980 (Public Law 96-517, usually referred to as
the Bayh-Dole Act) gave nonprofit institutions
including universities and small businesses
the general right to patent federally-supported
inventions subject to limited shop rights for
government use and a minimum 20% royalty
share to the actual inventors.9 The Bayh-Dole
Act resulted in a substantial increase in
patenting by universities and the American
economy profited from the use of many more
academic inventions (Henderson, Jaffe, and
Trajtenberg 1998).

Over time, the inventors’ share of royalties
has generally been increased by contractual
agreement between the universities and
professors. Congress was right in seeing that
shared royalties would get the most effective
marketers of academic inventions – the
inventors themselves – involved in finding
commercial applications of the inventions.
Most universities have found that they receive
more royalties by setting or agreeing to
considerably higher inventors shares – thus
increasing the professors’ incentives to report
inventions and find commercial uses for them.
On average, the inventors’ share is currently
about 40% of the university’s gross revenues
from the invention (Jensen and Thursby 2001).

Some universities – like Wisconsin – refuse
to pay more than the federal minimum and
have suffered an outflow of their best faculty
in areas like biotechnology where
commercially valuable inventions are likely.
The best practice appears to be for universities
to explicitly include inventor’s share as part of
the wage bargain with a view to the tradeoff
between salary level and inventor’s share.
State universities – which frequently argue for

6. PATENTING BY UNIVERSITIES AND FIRM-UNIVERSITY
COLLABORATIONS

9 Shop rights are often used in contracting for “invention for hire” to maximize the performance incentives of the
inventor. They allow the party paying for the research to use resulting inventions in their own line of business
while the inventor can use or license use in noncompetitive uses. Subsequent amendments (1984) and a series of
Executive Orders by President Ronald Reagan widened these rights for universities and extended them to others
performing federally sponsored research.
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appropriations based on their impact on the
economy – should also consider the
contribution of the university to the state’s
economic development rather than narrowly
focus on the salary bill minus the university’s
expected patent royalties.

For non-federally supported research there
is some variation on patenting practice with
the assignee at issue sometime being a firm
that supported research at the university. In
addition, many faculty have sometimes
substantial if not controlling interests in firms
located near their campuses and they take care
to document research done at the location and
expense of these firms so as to avoid
university claims of patent rights.10 Thus,
patents by universities are a substantial
underestimate of the contribution of
university faculty to overall state inventive
activity.

Figure 6.1 shows both the growing
importance of patents and the fact that most
patents assigned at time of issue are still
assigned to firms. As seen in Figure 6.2,
however, the number of university patents has
increased 10-fold since 1980 while firm patents
are only six times their 1980 level. Given the
major economic importance of collaborative
industry-university research (see Section 5
above), we counted collaboration patents as
those with two or more organizations (e.g.,
university and university, firm and firm, firm
and university) and focus particularly on the
firm/university collaboration patents subset.
Collaboration patents are 26.5 and
firm/university collaboration patents are 69.0
times their respective and very small 1980
bases. Overall collaboration patents have
grown quite steadily, but firm/university
collaboration patents remained relatively rare
in California until 1995. Firm/university
collaboration patents have grown rapidly

since 1995, at least in part due to the
University of California’s Industry-University
Cooperative Research Program (IUCRP)
founded in 1996. The IUCRP is currently
funded at a $60 million level with grants for
cooperative research in the sectors of
biotechnology, communications research,
digital media innovation, life sciences
informatics, microelectronics, and
semiconductor manufacturing.

Figures 6.1 and 6.2 are based on data on all
patents with an assignee address in California
derived from the Zucker-Darby flat file of all
U.S. utility patents since the 1970s. Figure 6.3
compares the university patent counts for all
California’s colleges and universities based on
this concept versus alternative data which
counts all patents assigned to any of the state’s
12 top research universities regardless of
address. The two series are virtually identical
reflecting the fact that nearly all university
patenting is done in one of the top research
universities and their out-of state locations
usually patent through the California
headquarters.

Figure 6.4 shows that top research
universities in California produce many more
patents than do those in Massachusetts or
New York. However when we correct for the
overall level of inventive activity or
population (Figures 6.5 and 6.6),
Massachusetts’ top research universities do
much better than California’s, and New York’s
top research universities lag California. These
results parallel our earlier findings (Darby and
Zucker 1999, Zucker and Darby 1999) that
Massachusetts has the richest S&E base in the
U.S. relative to the size of its economy. As
indicated in Figure 6.7, Massachusetts and
New York have a somewhat higher percentage
of total university patenting outside of the top 

10 (Jensen and Thursby 2001) report that about three quarters of university patents are for inventions so novel and
difficult to understand that they cannot be licensed unless the inventor agree to participate in the development
work leading to commercial application. Inventing professors report spending considerable time trying to sell
their ideas to existing companies before giving up and starting their own companies to prove their vision of
application.
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Figure 6.1 -- Patents Assigned to Firms and to All Organizations in California, 1980 - 2000

research universities. We believe that
restricting patent counts to the top research
universities results in a better comparison in
terms of patent quality, but the ranking is the
same if patenting by all colleges and
universities is substituted for those of top
research universities.
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Figure 6.2 -- Patents Assigned to Universities and Collaborative (Multi-Assignee) Patents in
California, 1980 - 2000

Figure 6.3 -- Patents Assigned to California’s Top Research Universities versus Patents Assigned to
All Universities in California, 1980 - 2000
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Figure 6.4 -- Patents Granted and Assigned at Issue to Top Research Universities, 1980 - 2000;
California, Massachusetts, and New York

Figure 6.5 -- Patents Assigned at Issue to a Top Research University as a Percentage of All Assigned
Patents, 1980 - 2000; California, Massachusetts, and New York
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Figure 6.6 -- Patents Assigned at Issue to a Top Research University per 100,000 Residents, 1980 -
2000; California, Massachusetts, and New York

Figure 6.7 -- Patents Assigned at Issue to a Top Research University as a Percentage of Patents
Assigned at Issue to Any University in the State, 1980 - 2000; California, Massachusetts, and New
York
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7. CONCLUSIONS

This project has developed a panel database
containing information by gender, ethnicity
and field of study on degrees granted, fall
enrollments, and faculty at all colleges and
universities and at top research universities in
California, Massachusetts, and New York. The
panel database provides a rich basis for other
analyses of higher education in California and
a comparison base for studies of particular
colleges and universities. There needs to be
much more research to fully explore the
implications, but a number of key facts are
immediately apparent.

First we note that many more people are
aware of the crucial role of scientists and
engineers in driving growth in our standard of
living than appear to want to actually pursue
it. Like growth in the labor force, growth in
S&E degrees granted is largely driven by
increasing participation of women. With the
shift away from the physical, mathematical
and computational sciences toward the life
and health sciences, this growth is
concentrated in the latter. Head counts
continue to stagnate or decline in engineering
and the physical, mathematical and
computational sciences, except at the doctoral
level where there is some growth.

The top research universities grow in all
S&E areas more than do all colleges and
universities. The data are consistent with the
hypothesis that the top research universities
adjust their admission standards so that the
other colleges and universities bear the brunt
of adjustment in the quantity of students.

Non-Hispanic whites and especially Asians
and Pacific Islanders are generally over-
represented in degrees granted relative to their
population shares. Non-Hispanic Blacks and
American Indians and Alaskan Natives are

severely under-represented. However,
nonwhites of all ethnicities (including Asians
and Pacific Islanders) had higher
representation relative to their state
population shares in top research universities
than in all colleges and universities.

The adhesion rate is the ratio of numbers of
degrees granted at one level to the number of
degrees granted at a lower level (lagged by
normal time to completion). Baccalaureate-
master’s male and female adhesion rates are
about 60% at top universities in California,
Massachusetts, and New York, except
California females are below 50%. Net
baccalaureate-doctoral adhesion rates for each
gender are slightly lower in California than the
corresponding rate in Massachusetts but much
higher than in New York. In all three states
female baccalaureate-doctoral adhesion rates
are much lower than male.

There are now over 7,000 S&E postdoctoral
fellows in California – almost all in top
research universities. They have grown to
nearly three times the annual number of S&E
doctoral degrees.

Collaborative publications and patents by
high-technology firm employees and professors
from top research universities tend to be
followed by much more rapid growth in firm
employment and value. Firm patents increased
six-fold from 1980 to 2000 while university
patents increased 10-fold. Collaborative firm-
top research university patents in California
increased rapidly after 1995, following the
establishment of the U.C. Industry-University
Cooperative Research Program. California’s top
research universities do somewhat better than
New York – but lag behind Massachusetts – in
patenting relative either to state population or
overall state patenting.
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In this report we have used five basic data
sets to examine the production and attraction
of knowledge capital to California by the
state’s colleges and universities: (a) degrees
granted by these institutions and comparison
institutions in Massachusetts and New York,
(b) fall enrollments of the same institutions, (c)
patenting by these institutions and by firms in
their states, (d) the numbers and
characteristics of faculty of the institutions,
and (e) the numbers and characteristics of
post-doctoral fellows at the institutions. In this
report our results are generally displayed
graphically, but the underlying electronic data
files have accompanied this report and are
archived at the California Council on Science
and Technology.

8.1 DEGREES GRANTED, FALL ENROLLMENTS, AND
FACULTY

The panel data on both degrees granted and
fall enrollments are all derived laboriously
from the Integrated Postsecondary Education
Data System (IPEDS) Survey of the National
Center for Education Statistics (NCES) in the
U.S. Department of Education. NCES
introduces IPEDS as the U.S. Education
Department’s “core postsecondary education
data collection program (prior to IPEDS some
of the same information was collected by the
Higher Education General Information
Survey-HEGIS). It is a single, comprehensive
system that encompasses all identified
institutions whose primary purpose is to
provide postsecondary education.” The data
and documentation are posted online at
http://nces.ed.gov/ipeds/.

Unfortunately, the data are reported year by
year in varying formats and terminology with
many institutions completing the forms
incompletely and inconsistently or reporting
intermittently. Creation of an analytic data set

required first the investment of over a
thousand hours in developing a standard data
array and hand entering the posted data into
it.11

The data are generally counts at a point in
time or over a year of degrees, enrollments, or
faculty with particular gender, ethnic, and
academic field and level characteristics. To
deal with the substantial number of missing
data we developed a program to automatically
run linear regressions for each of these cells on
a time index and those data reported
(including reported 0s) for each institution.
Missing observations were replaced with the
predicted values from these regressions,
rounded to the nearest nonnegative integer.
Since individual errors from this method are
almost surely small and (aside from a
concentration in smaller institutions)
reasonably randomly distributed we believe
that the resulting aggregate data are
substantially more accurate and less biased
than would be the case if we either just
summed up those fields reported in a
particular year or alternatively excluded the
large number of institutions which suffer from
some significant missing data problems. Our
state data set aggregates the values in each cell
definition across all the IPEDS reporting
institutions in the state. 

Great research universities play a leading
role in the American national innovation
system and that is particularly the case in
California. Accordingly, we report data for
those institutions alone in each state. Since
defining great research universities is a task
sure to offend someone, we accepted the
Institute of Scientific Information’s existing list
of the 112 institutions receiving the largest
amount of federal research funding. This also
makes it possible for researchers to link our
data files to a great deal of information on

8. APPENDIX A - SOURCES AND METHODOLOGY

11 The authors are even more impressed by cliometric feats such as Friedman and Schwartz’s much more difficult
task of developing monetary statistics from periodic bank call reports and the like.  We also remined grumbling
research assistants numerous times how we had to walk to school each day in the snow five miles uphill both
ways.
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these universities available from ISI. If a
university appears on this list, we define it as
a Top Research University for the purposes of
this report. The ISI-listed institutions for
California and our comparison states of
Massachusetts and New York are reported in
Table A.1.12

IPEDS reports majors, degrees, and faculty
classified according to the Department of
Education’s Classification of Instructional
Programs (CIP) Codes. These CIP Codes are
similar to SIC codes in structure but define
groupings of similar courses of instruction
rather than goods and services. Like SIC
codes, they are more finely defined the more
digits are used. We found the two-digit CIP
codes were adequate to group degrees, majors,
and students, into three separate areas of
science and engineering, and a fourth
(implicit) other area containing everything
else. These areas are defined in Table A.2.

8.2 PATENT DATA

In connection with our ongoing research on
science and technology, we have built a
complete flat-file database of all U.S. utility
patents since the 1970s.13 This file includes an
organization ID which enables classification of
each assignee by organization type and in
most cases links to extensive information on
the assignees in similarly linked databases. In
practice, the assignee at issue of a patent is
most often the employer of the inventor(s)
although in some cases the rights are acquired
by supporting the research or post-invention
negotiations. Under the Bayh-Dole Act,
inventions resulting from federally supported
research are patented by the contractor – i.e.,
the university in the case of faculty research –
with at least a 20% royalty share going to the
inventor(s).

For non-federally supported research there
is some variation on patenting practice with
the assignee at issue sometime being a firm
that supported research at the university. In
addition, many faculty have sometimes
substantial if not controlling interests in firms
located near their campuses and they take care
to document research done at the location and
expense of these firms so as to avoid
university claims of patent rights.

University patents are thus a strongly
downward biased estimate of the direct
contributions made by university faculty to
the state’s technology base. Nonetheless, the
incentives and institutions leading to this
downward bias have not changed much since
the early 1980s nor do they vary across states.
Thus, university-assigned patenting is an
interesting indicator both absolutely and as
share of total patenting in the state.

8.3 POST-DOCTORAL APPOINTEES DATA

These data are taken directly from online
reports of the National Science Foundation’s
Graduate Students and Postdoctorates in Science
and Engineering (Graduate Student Survey) at
http://www.nsf.gov/sbe/srs/gss/start.htm.
These data are in good order but need to be
reordered and linked to other S&T databases.
That project is beyond the resources of this
project and remains on the agenda for future
research. We hope that our indication that there
are sufficiently large numbers of these highly
skilled researchers that they will be recognized as
a valuable linkage between universities and
industry.

12  As explained in the “Organizational Note” at the beginning of this report, we use Tables and Figures in Appendix
A of our report in distinction to the Charts that appear in Part 1.

13 This major research instrument was built in large part with research support from the University of California
Industry-University Cooperative Research Program.
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Table A.1 
List of “Top Research Universities” for California, Massachusetts, and New York

Table A.2 
Definition of Main Study Categories in this Report Based on IPEDS Fields of Study

               California               Massachusetts             New York

California Institute of Technology Boston University City University of New York
Stanford University Brandeis University Columbia University
University of California, Berkeley Harvard University Cornell University
University of California, Davis Massachusetts Institute of Technology New York University
University of California, Irvine Tufts University Rockefeller University
University of California, Los Angeles University of Massachusetts State University of New York-Buffalo
University of California, Riverside University of Massachusetts, Amherst State University of New York-Stony Brook
University of California, San Diego University of Massachusetts, Worcester Syracuse University
University of California, San Francisco University of Rochester
University of California, Santa Barbara Yeshiva University
University of California, Santa Cruz
University of Southern California

Source: Institute of Scientific Information, U.S. University Science Indicators, machine-readable
database on CD-ROM, Philadelphia: Institute of Scientific Information, 2000. [Although the data
base aims at the top 100 research universities, the stopping rule appears to include the 13
universities tied for 100th place in their covered list of 112 universities.]

A.  Definition of Main Study Categories in this Report

Main Study Categories in this Report Two-Digit CIP Codes for Included Fields of Study

Life & Health Sciences 26 and 51
Physical, Math & Computational Sciences 11, 27, and 40
Engineering 14 and 15
All Sciences and Engineering 11, 14, 15, 26, 27, 40, and 51 -- i.e., all of the above
All Subjects -- i.e., Technical & Nontechnical 99 = Total of all the other two-digit CIP fields of study

B. Full List of Two-Digit CIP Codes

CIP  Description CIP  Description
1  Agribusiness & Agricultural Production 26  Life Sciences
2  Agricultural Sciences 27  Mathematics
3  Renewable Natural Resources 28  Military Sciences
4  Architecture & Environmental Design 29  Military Technologies
5  Area & Ethnic Studies 30  Multi/Interdisciplinary Studies
6  Business & Management 31  Parks & Recreation
7  Business (Administrative Support) 38  Philosophy & Religion
8  Marketing & Distribution 39  Theology
9  Communications 40  Physical Sciences
10  Communications Technologies 41  Science Technologies
11  Computer & Information Sciences 42  Psychology
12  Consumer, Personal & Misc. Services 43  Protective Services
13  Education 44  Public Affairs
14  Engineering 45  Social Sciences
15  Engineering & Engineering Related Technologies 46  Construction Trades
16  Foreign Languages 47  Mechanics & Repairers
17  Allied Health 48  Precision Production
19  Home Economics 49  Transportation & Material Moving
20  Vocational Home Economics 50  Visual & Performing Arts
22  Law 51  Health Sciences
23  Letters 52  Other Business & Management
24  Liberal/General Studies 95  Undesignated Field of Study
25  Library & Archival Sciences 99  Total
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& 1996, Engineering; California, Massachusetts, and New York

Group J -- Degrees Granted per Million Population by All Colleges and Universities by Level
and Gender, 1988 & 1996; California, Massachusetts, and New York

Figure 2.46 Degrees Granted per Million Population by All Colleges and Universities by Level and
Gender, 1988 & 1996, All Subjects; California, Massachusetts, and New York

Figure 2.47 Degrees Granted per Million Population by All Colleges and Universities by Level and
Gender, 1988 & 1996, All Sciences and Engineering; California, Massachusetts, and New
York

Figure 2.48 Degrees Granted per Million Population by All Colleges and Universities by Level and
Gender, 1988 & 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.49 Degrees Granted per Million Population by All Colleges and Universities by Level and
Gender, 1988 & 1996, Physical, Mathematical and Computational Sciences; California,
Massachusetts, and New York

Figure 2.50 Degrees Granted per Million Population by All Colleges and Universities by Level and
Gender, 1988 & 1996, Engineering; California, Massachusetts, and New York

Group K -- Degrees Granted per Million Population by Top Research Universities by Level,
1988 & 1996; California, Massachusetts, and New York

Figure 2.51 Degrees Granted per Million Population by Top Research Universities by Level, 1988 &
1996, All Subjects; California, Massachusetts, and New York

Figure 2.52 Degrees Granted per Million Population by Top Research Universities by Level, 1988 &
1996, All Sciences and Engineering; California, Massachusetts, and New York

Figure 2.53 Degrees Granted per Million Population by Top Research Universities by Level, 1988 &
1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.54 Degrees Granted per Million Population by Top Research Universities by Level, 1988 &
1996, Physical, Mathematical and Computational Sciences; California, Massachusetts,
and New York

Figure 2.55 Degrees Granted per Million Population by Top Research Universities by Level, 1988 &
1996, Engineering; California, Massachusetts, and New York

Group L -- Degrees Granted per Million Population by Top Research Universities by Level and
Gender, 1988 & 1996; California, Massachusetts, and New York

Figure 2.56 Degrees Granted per Million Population by Top Research Universities by Level and
Gender, 1988 & 1996, All Subjects; California, Massachusetts, and New York

Figure 2.57 Degrees Granted per Million Population by Top Research Universities by Level and
Gender, 1988 & 1996, All Sciences and Engineering; California, Massachusetts, and New
York

Figure 2.58 Degrees Granted per Million Population by Top Research Universities by Level and
Gender, 1988 & 1996, Life and Health Sciences; California, Massachusetts, and New York
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Figure 2.59 Degrees Granted per Million Population by Top Research Universities by Level and
Gender, 1988 & 1996, Physical, Mathematical and Computational Sciences; California,
Massachusetts, and New York

Figure 2.60 Degrees Granted per Million Population by Top Research Universities by Level and
Gender, 1988 & 1996, Engineering; California, Massachusetts, and New York

Group M -- Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996;
California, Massachusetts, and New York

Figure 2.61 Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, All
Subjects; California, Massachusetts, and New York

Figure 2.62 Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, All
Sciences and Engineering; California, Massachusetts, and New York

Figure 2.63 Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, Life and
Health Sciences; California, Massachusetts, and New York

Figure 2.64 Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996, Physical,
Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.65 Degrees Granted by All Colleges and Universities by Level and Ethnicity, 1996,
Engineering; California, Massachusetts, and New York

Group N -- Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996; California, Massachusetts, and New York

Figure 2.66 Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, All Subjects; California, Massachusetts, and New York

Figure 2.67 Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, All Sciences and Engineering; California, Massachusetts, and New
York

Figure 2.68 Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.69 Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, Physical, Mathematical and Computational Sciences; California,
Massachusetts, and New York

Figure 2.70 Degrees Granted by All Colleges and Universities by Level and Ethnicity Relative to
Population, 1996, Engineering; California, Massachusetts, and New York

Group O -- Degrees Granted by Top Research Universities by Level and Ethnicity, 1996;
California, Massachusetts, and New York

Figure 2.71 Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, All Subjects;
California, Massachusetts, and New York

Figure 2.72 Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, All Sciences
and Engineering; California, Massachusetts, and New York

Figure 2.73 Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, Life and
Health Sciences; California, Massachusetts, and New York

Figure 2.74 Degrees Granted by Top Research Universities by Level and Ethnicity, 1996, Physical,
Mathematical and Computational Sciences; California, Massachusetts, and New York

Figure 2.75 Degrees Granted by Top Research Universities by Level and Ethnicity, 1996,
Engineering; California, Massachusetts, and New York

Group P -- Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996; California, Massachusetts, and New York

Figure 2.76 Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, All Subjects; California, Massachusetts, and New York

Figure 2.77 Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, All Sciences and Engineering; California, Massachusetts, and New
York
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Figure 2.78 Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, Life and Health Sciences; California, Massachusetts, and New York

Figure 2.79 Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, Physical, Mathematical and Computational Sciences; California,
Massachusetts, and New York

Figure 2.80 Degrees Granted by Top Research Universities by Level and Ethnicity Relative to
Population, 1996, Engineering; California, Massachusetts, and New York

Group Q --  Importance of Nonresident Aliens, Top Research Universities, and Science-and-
Engineering Degrees Relative to Total Degrees Granted, 1996; California, Massachusetts, and

New York
Figure 2.81 Percentage Granted to Nonresident Aliens of All College and University Degrees by

Level, 1996; California, Massachusetts, and New York
Figure 2.82 Percentage Granted to Nonresident Aliens of Top Research University Degrees by Level

1996 – California, Massachusetts, and New York
Figure 2.83 Ratio of Percentage of Degrees Granted to Nonresident Aliens by Top Research

Universities to Same Percentage for All Colleges and Universities by Level, 1996;
California, Massachusetts, and New York

Figure 2.84 Degrees Granted by Top Research Universities as a Percentage of All College and
University Degrees Granted by Level, 1996; California, Massachusetts, and New York

Figure 2.85 Science and Engineering Degrees as a Percentage of All Degrees Granted by All Colleges
and Universities by Level, 1996; California, Massachusetts, and New York

Figure 2.86 Science and Engineering Degrees as a Percentage of All Degrees Granted by Top
Research Universities by Level, 1996; California, Massachusetts, and New York

Group R -- Undergraduate Fall Enrollments (All Subjects) and Enrollment-Degrees Granted
Ratios by Institution Type, Gender, State, and Year

Figure 3.1 California Undergraduate Fall Enrollments (All Subjects) for All Colleges and
Universities by Gender and Total, 1988-1996

Figure 3.2 California Undergraduate Fall Enrollments (All Subjects) for Top Research Universities
by Gender and Total, 1988-1996

Figure 3.3 California Undergraduate Fall Enrollment-Degrees Granted Ratio for All Colleges and
Universities by Gender and Total, 1988-1996

Figure 3.4 California Undergraduate Fall Enrollment-Degrees Granted Ratio for Top Research
Universities by Gender and Total, 1988-1996

Figure 3.5 Undergraduate Fall Enrollments (All Subjects) for All Colleges and Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.6 Undergraduate Fall Enrollments (All Subjects) for Top Research Universities by Gender
and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.7 Undergraduate Fall Enrollment-Degrees Granted Ratio for All Colleges and Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.8 Undergraduate Fall Enrollment-Degrees Granted Ratio for Top Research Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Group S -- Graduate Student Fall Enrollments (All Subjects) and Enrollment-Degrees Granted
Ratios by Institution Type, Gender, State, and Year

Figure 3.9 California Graduate Student Fall Enrollments (All Subjects) for All Colleges and
Universities by Gender and Total, 1988-1996

Figure 3.10 California Graduate Student Fall Enrollments (All Subjects) for Top Research
Universities by Gender and Total, 1988-1996

Figure 3.11 California Graduate Student Fall Enrollment-Degrees Granted Ratio for All Colleges and
Universities by Gender and Total, 1988-1996

Figure 3.12 California Graduate Student Fall Enrollment-Degrees Granted Ratio for Top Research
Universities by Gender and Total, 1988-1996
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Figure 3.13 Graduate Student Fall Enrollments (All Subjects) for All Colleges and Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.14 Graduate Student Fall Enrollments (All Subjects) for Top Research Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.15 Graduate Student Fall Enrollment-Degrees Granted Ratio for All Colleges and Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Figure 3.16 Graduate Student Fall Enrollment-Degrees Granted Ratio for Top Research Universities by
Gender and Total, 1988 & 1996; California, Massachusetts, and New York

Group T -- California Patenting Activity by Assignee Type, 1980-2000
Figure 6.1 Patents Assigned to Firms and to All Organizations in California, 1980-2000
Figure 6.2 Patents Assigned to Universities and Collaborative (Multi-Assignee) Patents in

California, 1980-2000
Figure 6.3 Patents Assigned to California’s Top Research Universities versus Patents Assigned to

All Universities in California, 1980-2000

Group U -- Top Research University Patenting Activity
Figure 6.4 Patents Granted and Assigned at Issue to Top Research Universities, 1980-2000;

California, Massachusetts, and New York
Figure 6.5 Patents Assigned at Issue to a Top Research University as a Percentage of All Assigned

Patents, 1980-2000; California, Massachusetts, and New York
Figure 6.6 Patents Assigned at Issue to a Top Research University per 100,000 Residents, 1980-2000;

California, Massachusetts, and New York
Figure 6.7 Patents Assigned at Issue to a Top Research University as a Percentage of Patents

Assigned at Issue to Any University in the State, 1980-2000; California, Massachusetts,
and New York

Group V -- Faculty at Top Research Institutions by Rank and Gender

Figure 2.87 -- Faculty of Top Research Universities by Rank and Gender; California, New York, and
Massachusetts, 1996

Figure 2.88 -- Faculty by Rank and Gender for Top Research Universities, California, 1992-1996
Figure 2.89 -- Female Professors as Percentage of Total by Rank at Top Research Universities,

California, 1992-1996

Group W -- Post-Doctoral Appointees
Figure 4.1 Postdoctoral Appointees in All U.S. Doctorate Granting ia, Massachusetts, and New

York
Figure 4.4 Postdoctoral Appointees in Top Research Universities as a Percentage of All

Postdoctoral Appointees, 1994 & 1998; California, Massachusetts, and New York
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