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Capturing Knowledge
The Location Decision of New
Ph.D.s Working in Industry

Albert J. Sumell, Paula E. Stephan, and James D. Adams

8.1 Introduction

The placement of newly-minted science and engineering Ph.D.s pro-
vides one means by which knowledge is transferred from the university to
industry. The placement of Ph.D.s with industry can be especially impor-
tant in facilitating the movement of tacit knowledge. Despite this role, we
know very little about industrial placements. One dimension of ignorance
involves the extent to which students stay where trained or leave the area/
state after receiving the degree. The policy relevance of this question is ob-
vious. Creating a highly-skilled workforce is one of several ways universi-
ties contribute to economic growth (Stephan et al. 2004). The mobility of
the highly educated affects the extent to which knowledge created in uni-
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versities is absorbed by the local economy.! Having graduates work for
neighboring firms strengthens the interface between the university and
firms at the local or state level, and makes it easier for future graduates to
find jobs with employers near the university. Moreover, the availability of
a highly-trained workforce attracts new businesses to the local area.

To the extent that students “fly the coop,” one rationale for investing
state and local resources in universities is weakened. This is especially the
case in today’s environment when universities, in an effort to attract re-
sources, herald the role they play in local economic development, mindful
of Stanford’s role in the creation of Silicon Valley, MIT and Harvard’s role
in Route 128, and Duke and the University of North Carolina’s role in the
Research Triangle Park (Link 1995).2

The migration behavior of the highly educated thus not only has long-
term implications for the economic health of a region, but also may affect
the amount policymakers are willing to invest in higher education. The
stakes are somewhat different for private institutions than for public insti-
tutions. Not beholden to the public sector for funding, it is less essential
that private institutions demonstrate a local economic impact. Nonethe-
less, private institutions receive a number of benefits from the state and lo-
cal area, not the least of which is tax-exempt status.

This is not to say that universities are solely focused on keeping their
graduates close at hand. Placements outside the local area are an indica-
tion of success, signaling that the university has the necessary connections
and reputation to warrant more distant placements.’> Moreover, strong in-
dustrial placements, regardless of whether or not they are local, can en-
hance future funding opportunities with industry. They can also enrich the
alumni base and thus potential donations to the university.

The objective of this chapter is to examine factors that influence the
probability that a highly skilled worker will remain local or stay in the state.
Specifically, we measure how various individual, institutional, and geo-
graphic attributes affect the probability that new Ph.D.s going to industry

1. Ph.D.s working in industry clearly contribute more than knowledge transfer. Stern
(1999) discusses industrial scientists’ interest in “Science,” which to continue Stern’s typology,
leads to “Productivity” for the firm. The ability to engage in “Science” provides psychic re-
wards for the scientist. The productivity effects experienced by the firm result in part from the
“ticket of admission” that the practice of “Science” provides the firm to the wider scientific
community (Stern 1999, 11). We focus on the knowledge-transfer role here because of our in-
terest in the interface between industry and academe and the geographical dimensions of this
interface.

2. There is a culture in universities of expecting Ph.D.s going into academe to seek the best
available positions, regardless of locale. Attitudes toward industrial placements are less clear-
cut. Stephan and Black (1999) find that in the field of bioinformatics, often faculty do not even
know the name of the firms their students go to work for.

3. Mansfield’s work (1995) suggests that industry, when looking for academic consultants,
is likely to use local talent for applied research, but focuses on getting the “best,” regardless
of distance, when basic research is involved.
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stay in the metropolitan area or state where they trained. Our study focuses
on Ph.D.s who received their degree in one of ten fields in science and en-
gineering (S&E) during the period 1997 to 1999. Data come from the Sur-
vey of Earned Doctorates, administered by Science Resources Statistics
National Science Foundation.

The chapter proceeds as follows. Section 8.2 provides a discussion of the
role new Ph.D.s play in knowledge transfer. Section 8.3 briefly discusses the
role of geographic proximity in promoting knowledge transfer. Section 8.4
offers a conceptual model of the individual decision to migrate. Section 8.5
discusses the data used for this study and provides some descriptive statis-
tics on the migration of industrial Ph.D.s from metropolitan areas and
states, focusing on the ability of metropolitan statistical areas (MSAs) and
states to retain Ph.D.s produced in their region and/or import human cap-
ital from other regions. Section 8.6 gives the results from our empirical
analyses and discusses the policy implications. Section 8.7 concludes by
summarizing and discussing the key findings.

8.2 The Role of New Ph.D.s in Knowledge Transfer

The transmission mechanism by which knowledge flows from universi-
ties to firms is varied, involving formal means, such as publications, as well
as less formal mechanisms, such as discussions between faculty and indus-
trial scientists at professional meetings. Graduate students are one com-
ponent of the formal means by which knowledge is transferred. Much of
graduate students’ training is of a tacit nature, acquired while working in
their mentor’s lab. These new techniques, which cannot be codified, can be
transmitted to industrial R&D labs through the hiring of recently-trained
scientists and engineers. New hires also establish and reinforce existing
networks between firms and university faculty whereby the firm can ac-
quire more ready access to new knowledge being created in the university.*

The Carnegie Mellon Survey of R&D labs in manufacturing located in
the United States asked respondents to rank the importance of ten possible
sources of information concerning public knowledge for a recently com-
pleted major R&D project (Cohen, Nelson, and Walsh 2002). A four-point
Likert scale was used. The ten sources included patents, publications/
reports, meetings or conferences, informal interaction, recently-hired grad-
uates, licenses, cooperative/J Vs, contract research, consulting, and personal
exchange. The findings show that—across all industries—publications/
reports are the dominant means by which R&D facilities obtain knowledge
from the public sector. Next in importance are informal information ex-
change, public meetings or conferences, and consulting. Recently hired

4. Networks have been found to relate to firm performance (Powell et al. 1998; Zucker and
Darby 1997).
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graduates show up in the second cluster, which, in the overall rankings, is
lower than the first cluster of sources of public knowledge. In certain indus-
tries, however, 30 percent or more of the respondents to the Carnegie Mel-
lon Survey indicate that recently hired graduates played at least a “moder-
ately important” role in knowledge transfer. These industries are: drugs,
mineral products, glass, concrete, cement, lime, computers, semiconductors
and related equipment, and TV/radio. This finding likely relates to the rela-
tive importance of tacit knowledge in certain fields and the key role that
graduate students play in the transmission of tacit knowledge.’

In a related study, Agrawal and Henderson (2002) interviewed sixty-
eight engineering faculty at MIT, all of whom had patented and licensed at
least one invention, asking them to “estimate the portion of the influence
your research has had on industry activities, including research, develop-
ment, and production” (53) that was transmitted through a number of
channels. Consulting headed the list, with a weight of 25.1 percent, fol-
lowed by publication at 18.5 percent. Placement of MIT graduates was a
close third at 16.8 percent.

8.3 The Role of Geographic Proximity in Transmitting Knowledge

Considerable research has focused on the role that geographic proximity
plays in transmitting knowledge. Early work by Jaffe (1989), for example,
used university research and development expenditures as a proxy for the
availability of local knowledge spillovers as did work by Audretsch and
Feldman (1996a, 1996b). More recent work by Feldman and Audretsch
(1999), Anselin, Varga, and Acs (1997, 2000), and Black (2001) has fol-
lowed suit, shifting the analysis from the state to the consolidated metro-
politan statistical area (CMSA). In each study a significant relationship is
found between the dependent variable, which is a measure of innovation,
and the proxy measure for local knowledge. Zucker, Darby, and Brewer
(1998) take a different path and examine the role that the presence of star
scientists in a region play in determining the regional distribution of
biotech-using firms. They find the number of active stars in the region to
play an important role in determining firm activity. Moreover, the effect is
in addition to the role played by general knowledge sources, as measured
by a “top quality university” or number of faculty with federal support.

Two recent studies use patent citations to examine the degree to which
knowledge spillovers are geographically bounded. Thompson (2006) finds
that inventor citations in the United States are 25 percent more likely to
match the state or metropolitan area of their citing patent than are exam-

5. The second tier-ranking of graduates as a means of knowledge transfer reflects in part
the fact that graduate students contribute indirectly through networking to several pathways
of knowledge transfer (such as informal information exchange, public meetings or confer-
ences, and consulting) that are listed separately on the questionnaire.
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iner citations. Almeida and Kogut (1999) explore why patent citations are
more regionally concentrated in certain areas than others, focusing on the
semiconductor industry. They argue that the mobility of engineers plays a
key role in explaining citation rates by region. Regions that have high inter-
firm mobility of inventors (as measured by inventor address) have higher
rates of intraregional citation than regions with low interfirm migration.
This suggests that “a driving force for local externalities in semiconductor
design is the mobility of people” (Almeida and Kogut 1999, 906).

These, and countless other studies, go a long way toward establishing
that geographic proximity promotes the transmission of knowledge. They
do not, however, address the extent to which knowledge spillovers are local.
One of the few papers to examine this question was written by Audretsch
and Stephan (1996) and examines academic scientists affiliated with
biotech companies. Because the authors know the location of both the sci-
entist and the firm, they are able to establish the geographic origins of
spillovers embodied in this knowledge-transfer process. Their research
shows that although proximity matters in establishing formal ties between
university-based scientists and companies, its influence is anything but
overwhelming. Approximately 70 percent of the links between biotech
companies and university-based scientists in their study were nonlocal.
Audretsch and Stephan also estimate the probability that the link is local.

Here we extend the Audretsch—Stephan framework, examining the loca-
tion decisions of recent graduates. We are particularly interested in know-
ing the degree to which available knowledge spillovers, as measured by the
placement of Ph.D. students, are local and in knowing factors related to
the “stickiness” of Ph.D.-embodied knowledge to the local area.

8.4 Determinants of Migration

There is a vast literature examining factors that influence human migra-
tion, much of which owes its origin to the work of Sjaastad (1962), and that
views migration as an investment decision. An individual will move if she
or he perceives the present value of the stream of benefits resulting from the
move, composed primarily of gains in real income, to be greater than the
costs, composed of both pecuniary and psychic costs to moving.

Here we are interested in modeling the decision of a Ph.D. headed to in-
dustry to locate outside the city (state) of training versus to stay in the city
(state) of training. We assume that the new Ph.D. is interested in maximiz-
ing the present value of utility over the life cycle, where the utility function
has arguments of both income and psychic attributes such as family well-
being. The cost of moving involves psychic costs as well as monetary costs
of relocation (some of which may be paid by the firm). We assume that the
individual engages in search in an extensive way while in graduate school
and thus does not forego actual income while looking for a job. Moreover,
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we assume that capital markets are not perfect and thus individuals with
little debt are more able to absorb the costs of moving than those with debt.
We also assume that individuals with access to a wider network of infor-
mation are more likely to move than are those with more limited access.

Our model focuses on whether the Ph.D. leaves where she or he is trained.
Three sets of explanatory variables are of interest: variables that reflect at-
tributes of the state and local area, variables that reflect individual charac-
teristics affecting the present value of the discounted stream of utility from
moving compared to the present value of the discounted stream of utility
from staying in the area, and variables that reflect field of training and in-
stitutional characteristics. From a policy perspective, we are also interested
in knowing whether individuals trained at a private institution are more
likely to leave than are individuals trained at a public institution. We are
also interested in knowing whether in-state students, as measured by re-
ceiving one’s high school, college, and Ph.D. degrees in the same state, are
more likely to stay.

Attributes of the local area include the degree of innovative activity, job
market prospects in industry for Ph.D.s, and the desirability of the loca-
tion. Innovative activity is measured by such standard measures as patent
counts, R&D expenditures, and so forth; desirability is measured by level
of education and per capita income. Job market prospects for Ph.D.s in in-
dustry are measured by an index, explained later, that computes the em-
ployment absorptive capacity of the area. Personal characteristics affect-
ing the net present value include age, marital status, and the presence of
dependents.

Variables that reflect wider access to networks include the rank of the de-
partment as well as whether or not the individual was supported on a fel-
lowship during graduate school. We expect individuals who work full or
part time during their last year in graduate school to be more connected to
the local area and therefore more likely to stay. We also expect individuals
who return to a job they held before coming to graduate school to be more
likely to remain in the area. The assumption is that proximity plays a role
in selecting the graduate program.

Imperfect capital markets lead us to expect that individuals who leave
graduate school with substantial debt face more constrained searches and
thus are more likely to remain local. Preferences are also assumed to affect
the decision to relocate. While difficult to measure, we make inferences
concerning preferences based on the individual’s past pattern of mobility.

8.5 S&E Ph.D.s in Industry: Where They Come from and Where They Go

Data for this chapter come from the Survey of Earned Doctorates (SED)
administered by Science Resources Statistics (SRS) of the National Sci-
ence Foundation (NSF). The survey is given to all doctorate recipients in
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the United States, and has a response rate of approximately 92 percent.
While the SED has always asked graduates whether they have definite
plans to work with a firm, the identity and geographic location of the firm
has only become available to researchers since 1997 and then only in ver-
batim form. We have recently used these verbatim files to code the identity
of the firm for the period 1997 to 1999.

The analysis is thus restricted to Ph.D.s in science and engineering who
made a definite commitment to an employer in industry between 1997 and
1999. This undercounts Ph.D. placements in industry in two notable ways.
First, many Ph.D.s who eventually end up working in industry initially take
postdoctoral appointments, particularly Ph.D.s in the life sciences. Sec-
ondly, 37.1 percent of Ph.D.s who were immediately planning to work in
industry did not list a specific firm or location because they had not made
a definite commitment to an employer at the time the survey was adminis-
tered.® Our results are thus conditional on the acceptance of a position
with industry at the time the survey was completed and do not apply to all
Ph.D.s headed to industry.

The fields of training of the 10,121 new Ph.D.s with definite plans to
work in industry are given in table 8.1. Not surprisingly, the data is domi-
nated by large fields having a tradition of working in industry as well as a
tradition of not accepting a postdoc position prior to heading to industry.
Engineers made up 53 percent of the sample; 12 percent of the sample is
made up of chemists.

For Ph.D.s who had made a definite commitment to an employer in in-
dustry and identified the specific name of the firm they plan to work for be-
tween 1997 and 1999, 36.7 percent had commitments with an employer
that lay within the same state as their doctoral institution.’

The stay rate is low compared to that for bachelor’s and master’s degree
recipients in science and engineering. The National Science Foundation
reports that 62 percent of all recent bachelors in science and engineering in
the United States stay in the state where they received their degree and 60.2
percent of all recent masters stay. The stay rate is highest for computer sci-
entists (68.4 percent for bachelors and 70.8 percent for masters) and low-
est for bachelors in engineering (55.1 percent and masters in the physical
sciences (54.1 percent).® The Ph.D. stay-rate of 36.7 percent is also low
compared to recent law school graduates, for whom 57.0 percent with

6. Of the Ph.D.s awarded in the twelve broad S&E fields during this time period, 17,382 of
the 75,243 had plans to work in industry. Of these, 10,932 (14.5 percent of all Ph.D.s in S&E
during this time period) had made a definite commitment to an employer in industry and
identified the specific name of the firm they planned to work for. Of these, 10,121 Ph.D.s were
awarded by institutions in the continental United States in one of ten “exact” S&E fields.

7. The percent is based on the 10,932 referred to in footnote 6, which includes Ph.D.s
trained in psychology and economics, as well as the ten fields listed in table 8.1.

8. The data are not strictly comparable since the NSF data include U.S. degree recipients
who also received a high school diploma or equivalency certificate in the United States.
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Table 8.1 Firm placements of new S&E Ph.D.s by field of training: 1997-1999
% of all Ph.D.s awarded % in field of Ph.D.s
Field that identified a firm that identified a firm
All S&E fields 14.5 100 (n = 10,121)
All engineering 30.7 53.0 (n = 5,364)
Agriculture 9.0 3.0 (n = 308)
Astronomy 7.8 0.4 (n=44)
Biology 38 6.0 (n = 609)
Chemistry 18.7 12.0 (n = 1,216)
Computer science 28.4 7.5(n = 762)
Earth science 12.3 2.5(n=252)
Math 12.5 4.7 (n = 477)
Medicine 5.0 4.3 (n = 435)
Physics 16.1 6.5 (n = 654)

known employment status remain in the state of training (National Asso-
ciation for Law Placement 1998).

The low stay-within-state rate does not necessarily indicate that the pro-
duction of new Ph.D.s is entirely a poor investment from the perspective of
state policymakers. In the majority of states (twenty-six), one-third or
more of all newly employed Ph.D.s hired by in-state firms graduated from
an institution within the state, and in eight states, institutions within the
state supplied the majority of new Ph.D.s to firms within the state.

Table 8.2 displays interstate and interregional migration data.® Several
notable patterns become evident. Pacific states are major net importers of
new Ph.D.s; approximately 40 percent more Ph.D.s have definite plans to
work in California, Oregon, and Washington than are produced there. Cal-
ifornia dominates in several respects. More Ph.D.s going to industry are
produced in California than in any other state, the state retains a higher
percent of the Ph.D.s it produces than does any other state, and more
Ph.D.s produced in other states head to California than to any other state.
The strong presence of IT firms in Pacific states, especially during the pe-
riod of study—as well as the heavy proportion of engineers in the data-
base—no doubt contribute to this finding.

New England and Middle Atlantic states train approximately the same
number of Ph.D.s that they hire. If it were not for New Jersey, however, the
Middle Atlantic region would be a net exporter. New Jersey’s remarkable
gain is in large part due to its ability to attract new Ph.D.s from neighbor-
ing New York and Pennsylvania. New York provides other states or coun-
tries with 591 new industrial Ph.D.s, sending 115 of those to New Jersey

9. Six states (Alaska, Nevada, Hawaii, North Dakota, South Dakota, and Wyoming) either
produced or received too few Ph.D.s to report their interstate migration numbers.
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alone. Pennsylvania is not far behind, losing 518 new industrial Ph.D.s to
other areas—seventy-seven to New Jersey.

States in the Midwest (East North Central and West North Central) are
net exporters, hiring approximately one-third fewer Ph.D.s than they train.
The brain drain is substantial. As a region, the Midwest retains slightly
more than one-third of those trained, but retention within Midwestern
states (as opposed to within the region) is considerably lower, averaging
less than 28 percent. Indiana Ph.D.s are the most likely to find employment
in other states. Of the 376 new industrial Ph.D.s graduating from Indiana
universities in the three-year period, forty-six, a meager 12.2 percent, had
definite plans to work for a firm in Indiana. Iowa is not far behind.

A state’s ability to retain its highly-trained workers is largely contingent
upon the strength of its metropolitan areas. More than 67 percent of new
industrial Ph.D.s who remain in-state work in the same CMSA in which
they were trained. Table 8.3 takes a closer look at the ability of metropoli-
tan areas to retain new industrial Ph.D.s by examining the top twenty-five
destinations and the top twenty-five producing metropolitan areas.'® Over-
all, slightly more than 70 percent of those trained in a CMSA were trained
in a top twenty-five CMSA, while approximately 80 percent of those going
to work in a metropolitan area go to a top twenty-five destination city. It is
evident from table 8.3 that areas that produce more industrial Ph.D.s gen-
erally hire more Ph.D.s in industry. This is accomplished by both retaining
Ph.D.s produced in the city and attracting Ph.D.s from other cities. Eigh-
teen metropolitan areas are in the top twenty-five in terms of both produc-
ing and employing new Ph.D.s going to industry. Furthermore, slightly
more than one out of every three Ph.D.s trained in a top twenty-five met-
ropolitan area stays in the area of training, whereas only about one in five
produced in all other metropolitan areas stays where trained. This suggests
that a dynamic is at work: Cities that produce more highly-skilled workers
foster the development of new firms and attract firms wanting access to a
highly-skilled workforce. This in turn attracts more highly skilled workers
from other areas and encourages retention of those trained in the area.

Particularly interesting is the role of New York/Northern New Jersey,
San Francisco/San Jose, Boston, Los Angeles, and the District of Columbia/
Baltimore. These five metropolitan areas (although not in the same order)
represent the top five metropolitan areas, both in terms of destination and
in terms of the production of Ph.D.s heading to industry. Slightly over one
in four of all new S&E Ph.D.s headed to industry was trained in one of

10. Here we focus on Ph.D.s awarded in a CMSA; 1,027 of the new Ph.D.s headed to in-
dustry were trained outside a CMSA. Note also that the number of Ph.D.s produced in
CMSA:s is not equal to the number hired by a CMSA for three reasons: some work outside
CMSAs in the United States, others leave the United States for industrial employment
abroad, and others are trained outside a CMSA but work in a CMSA.
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these five metropolitan areas, while approximately three out of eight were
headed to one of these five metropolitan areas.!!

Table 8.3 also shows that striking disparity exists in the ability of metro-
politan areas to retain new industrial placements. The New York and San
Francisco areas top the list; each employs about 58 percent of new in-
dustrial placements trained in their area. On the other hand, areas like
Urbana-Champaign, Illinois; Lafayette, Indiana; and State College, Penn-
sylvania, all of which have a long tradition of training scientists and engi-
neers, retain only about 3 percent of their new Ph.D.s headed to industry.
This high attrition rate demonstrates that the presence of a large university
does not guarantee sufficient job opportunities in the industrial sector to
retain S&E Ph.D.s trained locally. Certainly, other factors necessary for
economic development, such as transportation nodes, nearby amenities,
access to venture capital, and so forth, present in cities like San Jose, are
lacking in cities like Urbana-Champaign.!?

While the universities like Illinois-Urbana/Champaign, Purdue, and
Pennsylvania State appear to have a low return on their investment in
terms of the fact that new Ph.D.s leave the city upon graduating, they do
supply new talent to the state and nearby metropolitan areas. The Univer-
sity of Illinois-Urbana/Champaign supplies Chicago with about 10 per-
cent of its new industrial hires, Purdue University is far and away the top
supplier to Indianapolis, accounting for 21 percent of that city’s industrial
hires, and firms in Pennsylvania recruit 8 percent of their new Ph.D. talent
from Pennsylvania State University.

Table 8.4 shows how migration behavior differs by a Ph.D.’s field of train-
ing. While 36 percent of engineers, who constitute about half of all indus-
trial S&E hires in our sample, stay in state, 26 percent have plans to stay in
the same metropolitan area; both are close to the mean of all S&E indus-
trial hires. Doctorates in agriculture have the lowest stay rates of all S&E
fields, with about one in four staying in state, and less than one in ten with
plans to work in the same metropolitan area they were trained in. This re-
flects in part the fact that Ph.D.s in agriculture on temporary visas are the
most likely of any group of S&E Ph.D.s to leave the United States upon
graduation (Black and Stephan 2003). By way of contrast, astronomers are

11. The extreme geographic concentration displayed in table 8.3 has been found using sev-
eral other measures of innovation. For example, Black (2001) examined the geographic con-
centration of innovation using Small Business Innovation Research (SBIR) awards and patent
counts. There is significant overlap with the Ph.D. metropolitan areas: the top five metropol-
itan areas in terms of SBIR phase II awards are the same as the top five areas in terms of in-
dustrial Ph.D.s produced and hired. Four of the five metropolitan areas are also in the top five
in terms of utility patents issued (Chicago is fourth on the list, while the District of Columbia
is eleventh).

12. The lack of a booming industrial sector could prove an asset in the long run. That is,
“college towns” may indirectly use their small city size as a tool to attract niche industries as
well as a highly-trained workforce, marketing the lack of disamenities that are present in cities
with large industrial sectors, such as high crime rates, congestion, and air pollution.
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Table 8.4 Percent of firm placements staying in state and consolidated metropolitan
areas by field of training: 1997-1999

Field % staying in state % staying in CMSA
All engineering 36.3 26.2
Agriculture 26.0 9.7
Astronomy 56.8 54.5
Biology 45.0 34.6
Chemistry 28.6 19.7
Computer science 36.4 30.6
Earth science 28.6 17.9
Math 35.0 294
Medicine 46.0 35.2
Physics 45.0 35.0
All fields 36.4 26.6

the most likely to work in the state and metropolitan area in which they
trained. More than 56 percent of astronomers have employment plans to
work in the state of training and about 55 percent have plans to work in the
metropolitan area of their doctoral institution.

8.6 Empirical Results

In order to investigate specific factors affecting the decision to stay in the
area of training, we estimate two equations, using two definitions of stay-
ing. These equations are shown in table 8.5. In equation (1) we estimate the
probability that a new Ph.D. has made a definite commitment to an indus-
trial employer in the same state as their doctoral institution; the dependent
variable in equation (2) is whether or not the new Ph.D. stays in the same
primary metropolitan area.!> Both equations are estimated using a logit
model.

Table 8A.1 presents the definitions, means, and standard deviations for
all variables included in the regressions. Table 8.5 provides the coefficients
and z-statistics for the two equations. We restrict the analysis to Ph.D.s
trained in the continental United States, excluding those trained in Alaska,
Hawaii, and Puerto Rico. Table 8.5 also reports the marginal effects of a
change in an independent variable, evaluated at the mean. For a dummy
variable these marginal effects show by how much the probability will
change with a change in status; in the case of a continuous variable, they
show how much the probability will change with a one-unit change in the
value of the variable. All Ph.D.s who did not report their postdoctoral state

13. The difference between CMSA and PMSA is one of size. Thus, while San Jose is a
PMSA, the larger CMSA includes San Francisco and Oakland as well as San Jose. Because
of issues related to confidentiality, we are not able to display the data at the PMSA level; how-
ever, we are able to analyze the data at this level.



€LT0°0— 99°0 0661°0— 6601°0— L6'S #%667S0— dwoo
L9200 S¥0 ISLT0 1€90°0— L9T 0£62°0— yrew
86£0°0— S9'1 ¥$62°0— LOVI0— el #%£5069°0— wayd
1500°0— €0°0 87¢0°0— 6£80°0— 'y #x€1LE°0— Suayre
96L0°0— 660 0789°0— 0991°0— 9 #%80L80— uge
9L20°0— 60°0 Y0 0— 61900 120 LY9T°0 nse
0000 S0°0 ¥L20°0 STI0°0 €C0 05500 1okordweddns
€800°0— LY0 0L50°0— ¥$20°0— ¥ST SAINIE souresy” vy~ ddns
LS00°0— v1°0 £6£0°0— ¥L00°0 v1°0 §T€0°0 isseyoeay ddns
§TT00— €€'C 9191°0— L9S0°0— «©s #%+009C°0— mofpey~ddns
[434K1) wss ##x6208°0 YL61°0 L¥'89 ##x£918°0 dwoydard
1250°0 LSTT #xxEPPE0 1760°0 69 ##xL80%°0 dwoygord
1100°0— SS°L ##%8L00°0— €100°0— 109 #%LS00°0— [9A91Q9p
LESO0 €9°LI #4xSSPE0 9¢01°0 66'LE ##x8TPP 0 LLLREN
$90°0 68°€ #%996C°0 0L10°0 1€°0 L¥LO0 pyd-qoures
0L20°0— I¥1 9561°0— $090°0 81°¢ £609C°0 pydsysures
0£50°0 €9'8 ##x017€°0 TIT0 10°1¢C ##:CPLY 0 pydoooures
9510°0— 0 €I 0— 92€0°0— 60'1 6LY1°0— JTeda[gurs
$000°0— 100 $£00°0— ¥000°0 10°0 61000 pIIgoMm
%1070 ] L¥60°0 6550°0 8¢ +€1¥T0 PaLLIEWI QW)
LETO0 19'1 7560°0 1S10°0 SI'T 129070 poLLrew
L6S0°0— §$ST #xxL6TH 0— L¥90°0— 7891 #xxE16C°0— soxdwoy
€700°0— 80°0 9620°0— 90£0°0 8T SEET0 sorurrad
€7€0°0— 07 #%58€T0— 8.¥0°0— LLY #+881C°0— UBISE O}YMUOU
TIv0°0— P8¢l ##5%L68C0— 9¢£0°0— s #+86V1°0— uerse
TI100— SH0 $8L0°0— 9610°0— €8°0 SL80°0— R gtech
eu 10 £000°0— e €9°0 £000°0— bsoge
160070 €6'1 L£90°0 w100 86T ££90°0 o3¢
e ! ##xS81TE— e IL°LT waC 18P €— 1dooroyug
109]0 [RWISIBIN 2Je1s-zZ drewnsy 109]J9 [eUISIBIN JeIs-Z drewnsy J[qBLIBA

(8€8°8 = N) VSINoWeS = d[qerrea juspuadog (000°0T = N) HLVLSduwes = d[qerres juspuado

:(7) uonzenbyg :(1) uonzenbg
S9)B)S PIIU() [BIUSUNUOD 3Y) Ul pauren) syuowddeld = Jjdureg

synsaa [edraduryg S '8 9d[qe,



‘[A9] Judo1ad (0] 2y Je JurOyIUSIS,

‘[9A9] Jud010d G A3 1B JUBOYIUSIS 4 4

“[9A9] Judd1d | Y} 1B JUBOYIUSIS 4 4.
‘uonnqLsip a1enbs-1yo uo paseq Ik sJels-z,
-9Iqeoridde jou = e'u ;270N

0r10°0—
¢100°0—
£7000°0
8100°0
¥#10000°0
6¢S0°0
£7000°0
eu
U
eu
eu
eu
eu
eu
eu
8620°0—
€00
L290°0—
6¥C0°0—
$¥00°0
8620°0—
¢6S0°0—
§Ce00—
¥9¥0°0—
I10°0—
$690°0
€€10°0
1610°0—
9CC1'0—

9Ly
VL'l
170
9¢'¢
£6°ee
65°¢€E
SY'IC
eu
eu
e
eu
eu
eu
eu
e
009
6v°0
L6'E
$S0
000
L8°0
6v'9
SI'I
68°CI
00
6C°0
€10
8C°0
L9'8

S'96¥°6
#%x9960°0—
800°0—
0€00°0
#%£€€0°0
#%x60000°0
#5x5V9€°0
#xx56C00°0
‘eru
eru
‘eru
eru
eru
‘eru
eru
‘eru
=5V 181°0—
PLYTO
#=%L805°0—
0C81°0—
L6200
881°0—
#1597 0—
90vC0—
#xx89C¢°0—
€001°0—
01¢y 0
$680°0
ILET0—
$xx0 LT T —

U
eu
U
eu
eu
eu
eu
9150°0—
£€600°0
000
£0000°0—
£€10000°0
900000°0
¥00000°0—
60000°0—
1010°0
£ev0°0
L8IT0—
SL800—
8800°0—
2650°0—
$6L0°0—
6¢60°0—
1¥50°0—
¥200°0
6£C0°0—
L6V0'0—
9160°0—

£60C°0—

.m.c
eu
U
e
'u
e
'u

vS'L

LEY

€90

S 4]

£5°89

G811

0€0

¥S°0

090

801

L9

(423

10°0

Iv'C

9

86'Y

8801

10°0

00

601

¥0'1

y6'Cl

0LITEL pooyIaI-807 7—
v VSINAudav
eu oyradeswd
eu ourodeswd
eu aziseswud
eu dodeswud
Tu putuayIu
eu syedeswd

#%x98CC°0— 1saydgv
#x£170°0 ourod ]S
8600°0 oyrad1s
¢1000°0— dod1s
#%x850000°0 oZIST S
#xx900000°0 AJPULLS
020000°0— A dpeoers
1¥000°0— sjed 1S
Svy0°0 areand
PL8T'0 sAkydsdoy
#xx1986°0— 1pawsdoy
* L1V 0— yewsdoy
¥6€0°0— yueasdoy
8€LT0— dwoosdoy
#xVCLE0— woyosdoy
*x8EVY 0— [o1qsdos
*xxECVCT0— Suoyresdoy
L0100 1esdo)
8L0T0— nsesdoy
08¢C0— skyd
9LET0— paw
#xxL681 1 — yres



274 Albert J. Sumell, Paula E. Stephan, and James D. Adams

of location or age are excluded from equation (1); Ph.D.s whose doctoral
institution does not lie in a U.S. primary metropolitan statistical area
(PMSA), as well as those who did not report a readable city name or age
are excluded from equation (2).

Table 8.5 shows that, other things being equal, the market for Ph.D.s
trained in certain fields is significantly less local than for other fields.
Specifically, relative to the benchmark of biology, we find individuals
trained in agriculture, engineering, chemistry, computer science, and earth
science to be significantly more likely to leave the state of training. The
effects, in many instances, are substantial, as can be seen by examining the
marginal effects. With the exception of earth science, there are no signifi-
cant differences at the PMSA level.

Few of the demographic variables play a significant role in determining
whether the new Ph.D.s stay in close geographic proximity to their institu-
tion of training. We do, however, find that Asians, as well as individuals
who are underrepresented minorities in science and engineering (non-
white, nonasian) are less likely to stay in the state or PMSA of training. The
latter result may reflect the scarcity and hence wider market for underrep-
resented minorities receiving Ph.D.s in science and engineering. Being a
temporary resident is also a key factor in determining mobility. Compared
to citizens, temporary residents are considerably more likely to leave the
state as well as to leave the local area. The effect is fairly sizable. Other
things being equal, temporary residents are about 6 percent more likely to
leave either the state or local area than are citizens. Married Ph.D.s are no
more likely to remain in their location of training than are nonmarried
Ph.D.s; neither does the presence of children affect mobility, nor is mobil-
ity related to being a single parent. However, other things being equal, we
find that married women are more likely to stay in state than are unmarried
women. There is no indication, holding marital status constant, that
women have differential mobility patterns than do men. We also find no
support for the hypothesis that mobility decisions are responsive to the
present value of moving; in neither instance do we find the coefficients on
either age or age-squared to be significant.

Preferences as revealed through past mobility patterns play a significant
role in determining the location decision. We find that doctorates who
earned their Ph.D. in the same state as their college degree are much more
likely to remain in the Ph.D.-granting state than are those who changed
states between college and graduate school. They are also more likely to
stay in the same PMSA. The marginal effects are not inconsequential.
Other things being equal, “stayers” are about 11 percent more likely to take
an industrial position in state and 5 percent more likely to take a position
in the city of training. At the state level we find that individuals who receive
their Ph.D. and college degree in the state from which they graduated high
school are even more likely to remain in state than are those who moved to
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the state to get a college degree and stayed on to receive their Ph.D. At the
PMSA level, those who received their degree in the state in which they were
born are significantly more likely to remain to take a position in industry.
The policy implication is clear: accepting Ph.D. students from in state sig-
nificantly raises the probably of retention of the highly-skilled work force.
At the margin, the cumulative effect of training Ph.D.s who went to both
high school and college in the state of doctoral training is 17 percent. For
public institutions, this suggests that states capture part of their educa-
tional investment.

Variables that reflect wider access to networks are generally significant
and with the expected sign. Individuals whose primary source of support
was a fellowship or dissertation grant are significantly more likely to leave
the state of training than the benchmark.!* Individuals trained at top-rated
programs® also are more likely to move, although the effect is field-
dependent as well as dependent on the measure of mobility. In five of the
ten fields studied (engineering, biology, chemistry, math, and medicine), in-
dividuals trained at a top program are significantly more likely to leave
their state than are individuals not trained at a top program in their field.
And the marginal effects can be quite strong. Turning to equation (2), we
find that four of the top program variables are negative and significant as
well, suggesting that in smaller geographical areas graduates from top pro-
grams leave as well.!®

Individuals who worked full or part time during their last year of grad-
uate school are assumed to have more information, other things being
equal, concerning jobs in close proximity to their graduate institution. Our
results support this hypothesis. We find that those working full or part time
are more likely to stay in state and in the primary metropolitan area. The
effects are large. For example, those who worked part time their last year in

14. The benchmark is those whose primary source of support during graduate school was
other than a fellowship, a dissertation grant, a teaching assistantship, a research assistant-
ship, or employer reimbursement.

15. Top fields are based on the 1995 National Research Council (NRC) rankings for all
fields except medicine and agriculture. The rankings for the majority of fields are based on the
“scholarly quality” scores in the NRC rankings for each relevant program at the institution.
For field definitions that were broader than the program definitions in the NRC rankings
(such as biology), we calculated the mean for each rated program applicable to our broader
field for each institution. For the fields of medicine and agriculture, we used the 1998 NSF
‘Web CASPAR data to rank institutions, due to the absence of data for these fields in the NRC
rankings. Institutions in these fields were ranked by total federal R&D expenditures at each
institution. In the case of biology and medicine, which have a very large number of Ph.D. pro-
grams, seventy-five institutions were included among the top programs. For smaller fields,
such as astronomy, the top category includes the top twenty-five programs. In most other
fields, the top category includes the top fifty programs.

16. The engineering, chemistry, and math results persist when we restrict the definition of
a top program to one that ranks in the top ten. In addition, using this more restrictive defini-
tion of quality, we find that individuals are more likely to leave the state of training if they ma-
triculate from a top computer science or earth science program.
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graduate school are 20 percent more likely to remain in state than are those
who did not work part time, and 14 percent more likely to remain in the
same PMSA.

We also know from the SED whether a doctorate with definite plans is
“returning to or continuing in pre-doctoral employment.” Not surpris-
ingly, Ph.D.s who indicated they were returning to a previous employer are
considerably more likely to remain where they were trained. The marginal
effect is particularly strong at the state level (10 percent).!’

Student debt level affects mobility, but not in the way hypothesized. In-
stead, we find that the probability of remaining in one’s location of train-
ing depends negatively upon the amount of debt accumulated in graduate
school. This counterintuitive result may indicate that students who as-
sumed debt engage in more search activity than do those with no debt, mo-
tivated by the need to find a highly remunerative position.

Finally, we are interested in knowing the degree to which the attributes
of the local area affect the decision to leave the state or metropolitan area.
Here we examine two dimensions of this relationship: the presence of in-
novative activity and the desirability of the state or local area, as proxied
by per capita income and educational attainment.

At the state level, innovative activity is measured by the count of utility
patents granted, as well as by industrial R&D expenditures and academic
R&D expenditures.'® In the PMSA equations we use the Milken index and
patent counts as measures of innovative activity. In all instances, we con-
trol for population and land area. Generally speaking, we find that indi-
viduals coming from innovative areas are more likely to accept industrial
employment locally. For example, the probability that an individual stays
in the city of training is positively related to the number of utility patents
granted in the city and the Milken Index.! At the state level, we find that
individuals are more likely to stay if the state has a high level of industrial
R&D activity. Somewhat surprisingly, patent counts are not significant at
the state level.

As a measure of employment opportunities for Ph.D.s in the state (city)
of training relative to elsewhere, we construct an index of the relative local
absorptive capacity for Ph.D.s (ABPhD,), measured as the ratio of the flow
of new Ph.D.s produced locally to the stock of Ph.D.s working in local in-

17. A doctorate need not remain local, or even in state, to return to or continue in previous
employment. In fact, 46 percent of new Ph.D.s who indicate they are returning to or contin-
uing in previous employment leave their state of training after graduation.

18. Data on academic and industrial R&D expenditures come from the National Science
Board (2002), and are computed in 1996 constant dollars for the years 1997, 1998, and 1999.

19. The Milken Index, measured by the Milken Institute, is a measure of high-tech con-
centration in the PMSA. By definition, the Milken Index mean for the United States is equal
to 1.0. A metro area with an index higher than 1.0 has a higher high-tech concentration than
the United States, a metro area with an index that is lower than 1.0 has a lower high-tech con-
centration.
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dustry relative to the same measure aggregated across the United States. To
wit, we define the measure as:

ABPhD, = (NPhDI, /PhDL)/(ENPhDI/SPhDL),

where NPhDI, is the number of new Ph.D.s (in all fields) in location i (de-
fined as either the state or PMISA) with plans to work in industry; PhDI, is
the total number of all Ph.D.s in location i working in industry. We hy-
pothesize an inverse relationship. We find the variable to be negative and
highly significant in predicting the probability that the individual will re-
main at either the state or local level. Clearly, the ability of the local area to
absorb new Ph.D.s is a prime factor in determining whether the individu-
als stay.

Our results also indicate that new Ph.D.s are more likely to stay in their
state of training the higher the per capita income in the area. Somewhat
surprisingly, we do not find per capita income to be significant in the
PMSA equation. In neither instance do we find the educational variables
to be significant.?

If higher education were funded at the federal, rather than the state or
local level, it would make little difference, from an economic development
perspective, whether the newly trained Ph.D.s remained local, or instead
left the area of training. However, and as noted earlier, institutions of
higher education in the United States are a mixed lot. Public institutions
receive funding from the state, and indirectly, local area, in which they are
located; private institutions do not. While we do not find a significant
difference regarding the decision to stay in state between public and private
institutions, we do find a significant difference at the PMSA level.

Given the important role that retention plays in leveraging public re-
sources, we reestimate the basic equations, focusing exclusively on public
institutions. The results, presented in appendix table 8A.2, are reasonably
similar to those presented in table 8.5. The finding that many of the “best”
Ph.D.s leave persists when we focus exclusively on public institutions.
Specifically, we find that individuals trained at top-rated biology, chem-
istry, computer science, math, and medical Ph.D. programs are less likely
to remain in state than are those coming from non-top-rated programs.
Moreover, those who were supported on a fellowship or dissertation grant,
an indicator of quality, are more likely to leave. Doctorate recipients from
public institutions are more likely to remain in state if they received their
undergraduate degree from the same state. Where one went to high school
no longer matters when the sample is restricted to individuals who at-
tended public institutions. The public PMSA results are reasonably similar
to those for all institutions.

20. These results may reflect our failure to control for the relative values of these variables.
Arguably, it is the relative value that affects the decision to stay or leave, not the level of the
variable.
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8.7 Conclusion and Discussion

The movement of the highly educated from universities to firms is one
mechanism by which knowledge is transferred. Despite the important role
that industrial Ph.D.s can play in economic development, to date we know
very little regarding their location decisions. This knowledge gap is espe-
cially striking given the focus in recent years on the role that proximity
plays in the transmission of knowledge (Feldman 1994; Audretsch and
Stephan 1996). To help rectify this deficiency, we measure the degree to
which placements are local and what affects the likelihood that a Ph.D. go-
ing to work in industry will remain in the same state or metropolitan area.

We find that states and local areas capture knowledge embodied in
newly-minted Ph.D.s headed to industry, but not at an overwhelming rate.
Only about one in three of those going to industry take a job in the state
where trained; approximately one in five in the same PMSA. The averages,
however, mask wide variations. California retained two out of three of the
more than 1,500 Ph.D.s it trained for industry during the period. Indiana
retained only one in eight of the 376 it trained. Wide variation exists at the
metropolitan level as well: the San Francisco-Oakland-San Jose area re-
tained almost 60 percent of those trained in the metropolitan area who
take a position in industry as did the wider New York metropolitan area.
By way of contrast, State College, Pennsylvania, retained about 3 percent,
as did Champaign-Urbana, Illinois and Lafayette, Indiana.

Our research informs the question of whose knowledge is captured. We
find that local areas are more likely to retain white students and students
having little debt who are returning to a previous position. Being “home-
grown” predisposes one to remain as well. Those who receive their Ph.D.
in the same state as their undergraduate degree and high school degree are
more likely to stay than those who do not. Those who receive their Ph.D.
in the same state as their BA degree, as well as in their birth state, are more
likely to stay in the PMSA.

Graduates from certain fields are especially likely to leave the state: most
notably agriculture, chemistry, engineering, computer science, and earth
science. Quality matters: top-rated Ph.D. programs are often the ones that
are most likely to produce graduates who leave the area. Those supported
on fellowships or dissertation grants are more likely to leave the state of
training. Graduates from private institutions are also more likely to find in-
dustrial employment outside the metropolitan area of training.

Not surprisingly, and consistent with a wide body of research on inno-
vation, we find that local areas are more likely to retain new Ph.D.s if the
area is high in measures of innovation such as patent counts and R&D ex-
penditures. The relative absorptive capacity of the local community also
plays a major role. Champaign-Urbana graduates a large number of new
Ph.D.s who want to work in industry; yet relative to the United States, few
Ph.D.s work in industry in the city.



Capturing Knowledge 279

8.7.1 Discussion

Our results are consistent with the findings of Audretsch and Stephan
(1996) concerning the degree to which knowledge is captured locally. To
wit, they find only 30 percent of the scientist-firm links they examined to
be local; we find that only 25 percent of new Ph.D.s headed to industry stay
in the MSA of training. There are at least two distinctions, however, be-
tween Audretsch and Stephan’s work and this work. First, university fac-
ulty can be on multiple scientific advisory boards; new Ph.D.s can only
work for one firm at a time. Second, from the viewpoint of the university,
it is entirely different to invest in faculty who establish ties with new firms
out of the area while continuing to work at the university than to educate
students who leave the area to take a position with a firm. While students
who leave may expand and diversify the university’s knowledge and sup-
port network, the economic returns to the state from such migration are
likely to be relatively low, especially in the short run.

Our findings raise the larger question of whether the role of proximity to
the university is overemphasized in the transmission of public knowledge
from universities to industry. The top source of public knowledge, accord-
ing to the Carnegie Mellon survey of firms (Cohen, Nelson, and Walsh
2002), is publications and reports. Neither requires proximity to the scien-
tist/engineer. The second source (informal information exchange, public
meetings, or conferences and consulting) is facilitated by proximity but
proximity is not essential. The next tier includes recently-hired graduate
students. Our research shows that, in this respect, proximity does not play
a major role.

We infer that if firms know what they are looking for, proximity to the
university is not that important in the transmission of knowledge. Firms
can search for the input. Proximity to the university is most important
when the firm does not know what it is seeking or does not want to invest
heavily in search, or when the scientists involved in the transmission of
tacit knowledge have a strong preference for remaining local, as Zucker,
Darby, and Brewer (1998) argue that star scientists had.?!

States often invest in higher education with the conviction that it stimu-
lates local economic development. And certainly research supports this
conviction. Our work, however, casts doubt on the benefits states realize
from one piece of this investment—the education of a doctoral scientific
workforce—and suggests that states capture but a portion of the economic

21. This discussion raises the further question of the degree to which spillovers result from
nonappropriability. We have argued that tacit knowledge comprises an important component
of the knowledge that new Ph.D.s transmit to firms. Yet tacit knowledge, as Zucker, Darby,
and Brewer (1998) point out, facilitates excludability. Thus knowledge transmission, to para-
phrase the aforementioned authors, can result from the maximizing behavior of scientists
who have the ability to appropriate the returns to this tacit knowledge rather than from non-
appropriability.
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benefits resulting from a trained Ph.D. workforce. What we do not investi-
gate here is why states are able and willing to educate Ph.D.s who leave af-
ter graduation. Is the knowledge and technology transfer produced while
students are in graduate school sufficient to justify the expenditure? Do
graduate students more than compensate for their educational costs, di-
rectly through tuition payments and indirectly through their labors in the
classroom and the laboratory? Is the halo generated from having a top-
rated program sufficiently beneficial to the state in terms of general eco-
nomic development? Do states reap sufficient long-term economic benefits
from the networks created by students who migrate? Or, and perhaps what
ismore likely, do these factors collectively provide sufficient benefits to out-
weigh the state’s expenditures? Is it, of course, also possible that what we
observe is an indication of a disequilibrium that may hasten to adjust as
bleak budget prospects lead states to slash budgets for higher education?
Can universities such as Illinois and Purdue continue to educate Ph.D.s
who overwhelmingly leave the state after graduation? Or are policymakers
ignorant of the degree to which it is a leaky system?

Groen and White (2001, 24) note that incentives of universities and
states with regard to the retention of highly-trained workers differ. They ex-
plain: “States have an interest in using universities to attract and retain
high-ability individuals because they pay higher taxes and contribute more
to economic development. Universities have an interest in their graduates
being successful, but little interest in where their students come from or
where they go after graduation.” The distinction may be less clear in the
post Bayh-Dole world, where public universities promote their science and
engineering programs as engines of economic development. One wonders
how long these institutions can continue to bake educational cake for other
states and countries. The fact that in some instances the institutions are the
major supplier of new in-state industrial hires may, of course, mitigate the
political pressure to reallocate resources.

The implications drawn from this study are somewhat restricted due to
the limited scope of the data. For example, the attractiveness of certain re-
gions and cities may have been inflated during the time period of analysis.
When we extend the analysis to years following the boom in information
technology we may find a somewhat different picture than we do here. Fur-
thermore, the data eliminates Ph.D.s who do not specify a firm as well as
Ph.D.s who eventually work in industry after taking a postdoc position.
The percent of seasoned Ph.D.s going to industry is much larger than the
percent of new Ph.D.s choosing industry, particularly in the life sciences.
As a result, if the study were done on location decisions five years follow-
ing receipt of degree, as opposed to newly-minted PhDs, the conclusions
might differ substantially.
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Table 8A.2

Empirical results

Sample = placements trained in the continental United States in a

public institution

Equation (1): Equation (2):
Dependent variable Dependent variable
= SameSTATE = SamePMSA
N = 6,832 N=15973
Variable Estimate z-stat® Estimate z-stat®
Intercept —4.0254%** 16.16 —3.2767*** 7.77
age 0.0759 2.49 0.0980* 2.77
agesq —0.0005 0.69 —0.0007 0.91
female —0.0152 0.01 —0.1222 0.55
asian —0.1433* 2.83 —0.3627%** 11.41
nonwhite_asian —0.1187 0.92 —0.1546 1.00
permres 0.0224 0.04 —0.2446* 3.00
tempres —0.3443%** 14.26 —0.5355%** 20.95
married 0.0742 0.87 0.1158 1.29
female_married 0.0971 0.39 0.1595 0.62
wchild 0.0633 0.64 0.0795 0.66
singlepar —0.3512%* 3.95 —0.3785 2.65
samece_phd 0.5645%** 16.37 0.2367 2.00
samehs_phd 0.1983 1.22 —0.1240 0.34
sameb_phd 0.0685 0.20 0.4018%* 5.13
return 0.5790%** 44.55 0.3927*** 14.19
debtlevel —0.0078%** 7.12 —0.0103%** 7.61
preftemp 0.4254%** 33.27 0.4280%** 20.29
preptemp 0.6526%** 31.95 0.7237*** 29.67
supp_fellow —0.4007%** 11.50 —0.1308 0.78
supp_teachasst 0.0711 0.46 0.0886 0.44
supp_RA_trainee —0.1450* 2.95 —0.0018 0.00
support_employer 0.1579 1.21 0.0406 0.07
astr 1.0445 1.69 0.0444 0.00
agri —0.8062** 4.17 —0.5502 0.61
alleng —0.4062* 3.23 —0.1667 0.40
chem —0.6081%* 5.92 —0.4540 2.24
math —0.1447 0.28 0.0567 0.03
comp —0.4831* 3.06 —0.2341 0.52
earth —1.1193%** 9.58 —1.2857%%* 7.64
medi —0.1585 0.28 —0.0339 0.01
phys —0.0379 0.02 0.1738 0.28
topsastr —0.7449 0.50 0.949 0.01
topsagri —0.0336 0.01 —0.5447 0.59
topsalleng —0.1305 1.97 —0.3363%** 6.87
topsbiol —0.4799* 3.45 —0.5912* 3.82
topschem —0.4939%** 7.67 —0.5684** 5.45
topscomp —0.4295%* 3.68 —0.6812%* 6.08
topsearth 0.1426 0.15 —0.0452 0.01
topsmath —0.7983%** 8.90 —0.4819 223
topsmedi —0.6370%* 5.23 —0.8052%* 5.56

(continued)
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Table 8A.2 (continued)
Equation (1): Equation (2):
Dependent variable Dependent variable
= SameSTATE = SamePMSA
N = 6,832 N=50973
Variable Estimate z-stat® Estimate z-stat®
topsphys 0.0418 0.03 0.1081 0.15
STpats 0.00025 0.18 n.a. n.a.
STacadRD —0.00010%* 4.42 n.a. n.a.
STindRD 0.000021%** 5.90 n.a. n.a.
STsize 0.0062%*** 54.98 n.a. n.a.
STpop —0.000014 0.48 n.a. n.a.
STperhe 0.0046 0.11 n.a. n.a.
STpcinc 0.0001%** 5.88 n.a. n.a.
ABPhDST —0.2538%** 7.26 n.a. n.a.
pmsapats n.a. n.a. 0.0010%*** 59.81
milkenind n.a. n.a. 0.4875%** 33.36
pmsapop n.a. n.a. 0.0000038 0.02
pmsasize n.a. n.a. 0.02050 1.59
pmsapcinc n.a. n.a. —0.03060** 6.56
pmsaperhe n.a. n.a. —0.0070 0.66
ABPhDMSA n.a. n.a. —0.0789*** 27.56
-2 Log-likelihood 8,857.6 5,869.2

Note: n.a. = not applicable.

az-stats are based on chi-square distribution.
***Significant at the 1 percent level.
**Significant at the 5 percent level.
*Significant at the 10 percent level.
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