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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

In this study of the migration behavior of science and engineering graduates at the master’s and bache-
lor’s levels, the odds of an individual taking a job in-state are shown to increase more than tenfold if
the individual stays in the same state they went to high school in to attend college. This striking finding
lends support to the recent wave of aggressive state-sponsored college scholarship initiatives.

Graduates are also more likely to end up employed in-state if they:

are foreign students subsequently employed in the U.S.;

majored in a field other than engineering or the physical sciences;

were older than average for their class;

attended a large college in a large metropolitan area; or

attended college in a large state.
On the other side of the equation, graduates are less likely to be employed in-state if they:

graduate in engineering and the physical sciences;

have a high grade-point average;

graduate from a research-intensive institution;

graduate from a historically black college or university; or

command an above-average starting salary upon graduation.

While a number of states have initiated aggressive scholarship programs for their own high school
graduates, the study suggests that states might be well-served by lowering out-of-state tuition for
“arrivers,” those graduates of a state’s institutions who attended high school elsewhere but stay in the
state after college to work. If the goal is to increase the number of science and engineering graduates
in the workforce, then an “arriver” is as important as a student who graduated from both high school
and college in-state, and might beneficially be given similar financial consideration.

Policymakers throughout the nation are concerned with education and skill levels among workers. The
capacity of a workforce to respond to the scientific and engineering needs of the marketplace is criti-
cal in the emerging, knowledge-based economy. While increasing attention has been paid to “brain
drain” at the state level, this study points to the wisdom of viewing the migration question as a whole,
and paying attention to the need to attract bright students from elsewhere to offset the inevitable loss
of some homegrown students.
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EXECUTIVE SUMMARY

WhoWill Stay andWhoWill Leave had its genesis in discussions that took place among members of the
Southern Technology Council (STC), an advisory body to Southern Growth Policies Board. The STC is
responsible for strengthening the Southern economy through technology-driven economic development
strategies.

Of particular interest to STC members is the reality that seven Southern states rank in the bottom 10
of all states in the percentage of the civilian workforce with a recent bachelor’s degree in science and
engineering™, and nine Southern states rank below average in the percentage of the civilian workforce
with a recent master’s degree in science and engineering. Also significantly, those Southern states gener-
ally recognized as having the strongest, most dynamic economies (e.g., North Carolina, Virginia,
Georgia) rank far above average in one or both categories. Clearly, the factors involved in a graduate’s
decision to stay or leave the home state are of more than passing concern to policymakers. Though this
study is a snapshot, looking at graduates one to three years after they after they left college, we believe
that time is a critical period when young professionals either establish their roots in a state or break
their roots with their home states.

This study was preceded by a 1998 STC report, Where Have All the Students Gone? That report highlighted
the role of science and engineering graduates in the economy, documented the disparities that exist
across state lines in attracting and retaining such talent, and demonstrated relationships between reten-
tion and a variety of factors. The current study moves that analysis down to the individual graduate level
in searching for insight on how graduates decide where they will live and work.

Like its predecessor report, this study is based upon the National Science Foundation’s National Survey
of Recent College Graduates and is supported by a grant from the National Science Foundation.

* From the U.S. Department of Commerce’s Office of Technology Policy, The Dynamics of Technology-based Economic
Development: State Science & Technology Indicators, June 2000
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BACKGROUND

Over the last five years, the term “New Economy” has become an increasingly frequent catch phrase
for the massive changes that are occurring in the world economic environment. To adequately summa-
rize the vast amount of current scholarly and popular commentary about the New Economy, at least in
the space we have here, would be an impossible task. Nonetheless, we would make the following sum-
mary observations:

« Products in the New Economy tend to have a high amount of knowledge content, often
traceable to advances in science and technology. In one sense, the New Economy tends to be
“weightless” in that it often involves high-value products and services that have limited physical
scope but immense underlying ideas and innovation.

« The New Economy is global in nature, and that globalization has been enabled by rapid
advances in transportation, telecommunications, reduction of trade barriers, and electronic
commerce via the Internet. Virtual organizations and partnerships that cut across national
boundaries are relatively common and increasingly competitive.

« The New Economy is significantly fueled by entrepreneurial enterprises and people. Small,
fast-growing firms can exploit new knowledge and technology more effectively, and get to
market faster. This new entrepreneurial emphasis has been accompanied by a rejuvenated ven-
ture capital industry as well as other novel approaches to early stage capitalization.

« At bottom, the New Economy grows and expands only to the extent that it can find highly
skilled people, particularly those who are educated and experienced in the new technologies
and business practices. These knowledge workers are in tremendous demand throughout the
world, and as a result are highly mobile.

Three years ago the Southern Technology Council conducted a groundbreaking national study on
interstate migration of recent science and engineering graduates from colleges and universities. This
“brain drain” study accomplished several purposes:

« It highlighted the fact that succeeding in the knowledge-based New Economy is heavily
dependent upon firms (and states) being able to retain and attract the best and the brightest in
key disciplines. While particularly acute in information technology, the issue of human
resources is near the top of firms concerns.

« It documented for the first time the huge disparities across states in the extent to which they
are able to attract and retain science and engineering talent. Some states retain the vast major-
ity of their graduates as well as attracting people from other states; other states are net
exporters of their most talented young people.

« On the basis of state-level predictive analyses, we were able to demonstrate relationships
between retention and various unchangeable geographic givens (e.g., state size, border perme-



+'——_

WHO WILL STAY AND WHoO WILL LEAVE?

INTRODUCTION

ability), plus other factors that might be directly or indirectly altered by policy actions (e.g.,
technology wages and the fraction of high school graduates who stay in-state to attend college).
Turning to factors influencing net migration (essentially attracting talent from other states, or
“prain suck”), there were interesting relationships between state higher education tuition levels
and net migration (the lower the better), as well as the continuing importance of geography.

Missing from this initial study was an analysis of various individual factors that might influence the deci-
sion to stay after graduation and work in-state (e.g., gender, grades, major), as well as an examination
of institutional factors that might influence migration choices of graduating students (e.g., type of insti-
tution, tuition, private vs. public status). The latter would seem to be quite changeable with various
policies, funding, and program innovations.

HUMAN RESOURCES AND THE NEW ECONOMY

Since the publication of the first STC study in this area, several trends have emerged in the private and
public sectors.2 For one, in high-growth, technology-based industries, the issue of human resources has
become a primary concern. Moreover, the shortages are being felt at all levels, from pre-baccalaureate
technician to Ph.D.-level designer of expert systems. In the hottest technology sectors (e.g., informa-
tion technology and biotechnology) signing bonuses are increasingly being offered, and equity participa-
tion has become a useful recruiting tool for start-ups.

In parallel, states have become more aggressive in crafting public policies and programs designed to
retain their most talented individuals. Several have launched tuition scholarship programs more-or-less
patterned after Georgia’s Hope Scholarship Program. Some of these (e.g., Maryland) target certain
majors and disciplines, and some have included a requirement that students work in state after gradua-
tion, or the scholarship becomes a loan. For the most part, these programs are either too new, or not
subjected to rigorous quantitative evaluation, to understand if or why they work.

What do we know? Research on retention of scientists and engineers

In spite of the fact that there is a long and rich tradition of multidisciplinary research on migration
behavior and patterns, this literature has severe limitations given our interests. First, only a portion of
the migration literature deals with migration within national boundaries, including interstate
migration.3 As one would imagine, a small portion of this literature examines college students and
graduates.4 Finally, only a fraction of these focus specifically on the graduates who happen to possess
the technical and scientific talent in such high demand in the New Economy.

At the same time, the relevant research literature has its own limitations.® First, many studies pre-date
the current technology-driven economic boom. More recent studies focused on specific subpopulations
such as chemical engineers or foreign students or doctoral recipients, or examined a small number of
relevant individual or geographic variables, but not both. Aside from the STC study, many of the vari-
ables examined did not lend themselves to policy intervention. Finally, most of the studies were based
on relatively small non-probability samples that seriously undermine the confidence one could place in
the generalizability of their findings.

In spite of these limitations, collectively this literature demonstrates that migration of scientists and
engineers is a complex phenomenon, which is probably influenced by a variety of individual and other
factors.
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WHAT DO WE NEED TO KNOW?

As suggested above, what we know about the factors influencing the migration behavior of graduating
students is either limited (e.g., few variables, based on non-representative populations), incapable of
being acted upon (e.g., permeable borders), or obvious (e.g., pay more). The most interesting and
actionable variables uncovered thus far are those of tuition level — seemingly affecting in-migration —
and the importance of keeping high school graduates tracked into state-based colleges (“stayers”). The
latter could hypothetically be affected by some of the scholarship programs mentioned above; the for-
mer would seem to be fertile ground for institutional and state policy experimentation regarding
tuition pricing.

There are a variety of issues we would like to understand better and that might have implications for
policy. These include: who is most and least likely to be retained; whether the type of higher education
institution students graduate from affects retention; whether specific experiences such as cooperative
education with local firms influence graduates’ retention; at what point do graduates make decisions
that begin casting their fate in one direction or another; which factors (e.g., opportunities, security,
familial ties) have the strongest influence on a graduate’s decision. However, answering all of these
questions with a fair degree of certainty would require conducting a large scale and expensive nation-
ally representative survey. Unfortunately, this was not feasible. However, we realized that we could
answer many of these questions, as we did in our previous study, by mining national databases.

The following is a list of the types of variables and the issues considered in the study. Some were
selected based on previous research, while others were chosen because of their obvious policy rele-
vance. Issues related to variables not contained in the databases we obtained will have to wait for
future research.

INDIVIDUAL FACTORS

Identifying characteristics of the individuals who are the most/least likely to be retained might help
states understand precursors to retention and might help states target retention programs. The follow-
ing seem relevant based on existing research studies and obvious policy considerations:

Demographics. Several studies, mostly flawed in ways discussed above, nonetheless point to several
demographic variables that might influence the decision to migrate. These include variables such as
age, sex, race, and marital status.

Social/economic variables. Community “embeddedness,” or the density of local family and friend-
ship ties, has been suggested as working against a decision to move. So has income, financial obliga-
tions and professional sophistication.

Academic background. It has been hypothesized that some academic majors or individuals with
advanced degrees may be more inclined to migrate than others, as well as individuals with higher
grades and academic honors.
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INSTITUTIONAL FACTORS

Colleges and universities themselves may act as magnets for students who are more or less likely to be
retained or might exert a strong influence on the post-graduation choices of their students. Therefore,
characteristics of the institutions from which students graduate will be examined. Relevant variables
include: public vs. private, size of institution, tuition level, extent of post-graduate training, and
research emphasis at the institution.

STATE FACTORS

As our previous study demonstrated, state geographic, economic, and policy factors appear to affect
migration behavior. However, it is important to note that variables that predict at one level of analysis
(e.g., state) may or may not be useful predictors at another level (e.g., individual) or may be redun-
dant with other predictors.GAs a consequence, we re-evaluate the variables that were found to be sig-
nificant predictors in our previous study and supplement these with additional variables that tap into
New Economy and quality of life dimensions.

OBJECTIVES OF THE STUDY

The objectives of this study were the following: (1) to identify predictors of student migration behavior,
at both the B.S. and M.S. levels in science and engineering; (2) to pay particular attention to those
explanatory factors that seem most “actionable” in terms of institution or state policies and practices;
(3) to determine if major predictors of student migration behavior uncovered in the earlier STC study
hold true; and (4) to suggest implications and action recommendations deriving from the results.

In the next section we will briefly describe the overall research approach, as well as more detailed
methods and procedures. This will be followed by a presentation on findings and results and finally a
section on implications and recommendations.
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GENERAL APPROACH

While sophisticated statistical techniques were employed in the project, the basic research approach
was straightforward. That is, to identify those factors (variables) that had the strongest relationship
with whether graduating B.S. and M.S. students in engineering and the sciences remained in their
home state to work. Predictor variables encompassed either individual characteristics, institutional
characteristics (of the university the students attended) or state characteristics.

NATIONAL SURVEY OF RECENT COLLEGE

GRADUATES

The National Science Foundation’s National Survey of Recent College Graduates (NSRCG) is a
national probability survey of bachelor’s and master’s science and engineering degree recipients.7 It is
designed to provide data on demographic, educational, employment, and other work-related informa-
tion on recent degree recipients entering the science and engineering labor market and on their cur-
rent status. We used the most recent NSRCG database available, which included students who received
their degrees between July 1, 1994 and June 30, 1996. These former students were interviewed
between May and November 1997 about their status as of the target week, April 15, 1997. Thus, the
time between graduation and employment status ranged from one year nine months to two years 10
months.

The NSRCG database was made available through the auspices of the National Science Foundation,
which also sponsored the project. Access to NSRCG was critical to our ability to achieve the study
objectives. First, NSRCG included information on where (which state) a student went to high school
and college and where s/he was currently employed. This information allowed us to create retention
measures for each student. (See “Outcome Variables” below). In addition, NSRCG included a large
number of other variables that described graduates’ education, demographics, and employment. Some
of these coincided with questions we wanted to address in this study and were used as individual-level
predictors. Finally, the fact that NSRCG is a relatively large national probability sample provides us
some degree of statistical confidence that our findings should generalize to the national population of
science and engineering graduates at the time these data were collected.

STUDY SAMPLE

The sampling of institutions and graduates for the NSRCG was conducted by Westat, Inc. A two-stage
sampling procedure was used. During the first stage, institutions were sampled. During the second
stage, individuals within those institutions were sampled.8

In the first stage, educational institutions were sampled with a probability-proportional-to-size.
Specifically, 102 large institutions offering bachelor’s and master’s degrees in science and engineering,
which train the vast majority of science and engineering graduates, were included. A sub-sample of 73
smaller institutions was also included (total institutions = 175). Most of these institutions were sam-
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pled based on size, and/or the presence of relatively rare major specialties. Finally, a number of smaller
institutions with a high proportion of Hispanics, African-Americans and other minorities were over-
sampled. (It should be noted that the NSRCG does not include doctoral graduates. It would be inappro-
priate to generalize our findings to that population).

In the second stage, individual degree recipients within these institutions were sampled. Individuals
were selected based on a formula that included the size of their institution, the level of degree they
received, the year they received their degree, and their respective field of study. This sample included
14,057 individuals (but 1,032 were found to be ineligible). The final respondent sample, which includ-
ed 10,057 individuals, was refined to adjust for any unequal selection probabilities and nonresponse
rates; the procedure adjusted for institutions, academic specialties or disciplines and groups that were
over- or under-sampled. These weighted variables were used in all of the analyses reported below

Since we were interested in retention of graduates in a given state’s labor force, we also limited our
analyses to respondents who were employed during the target week in 1997.9 A small number of addi-
tional respondents were excluded because they did not meet the selection criteria. L0 This resulted in a
final sample of 7,741.11 Some analyses were performed only for U.S. citizens; this ssmple numbered
6,963.

DATA COLLECTION

Data collection and processing for the NSRCG database was conducted by Westat, Inc. and involved a
complex survey instrument administered via phone interviews and mailed questionnaires. Sampled
graduates were located through a variety of information sources including school registrars, change of
address services, referrals, and alumni offices. A computerized telephone reference service providing
numbers based on name and address information was also used.

The survey instrument itself was organized into four parts: education; employment status; other work-
related information; and background information. Each section of the survey involved a number of spe-
cific questions organized in branching format, and an individual participant could potentially supply
information on over 200 questions. Most questions were either forced choice or fill-in-the-blank
requests for information. We used 20 of these variables in our analyses.

To obtain a maximum response rate, no limit was imposed on the number of contact attempts inter-
viewers could make. Messages were left on answering machines for difficult-to-reach respondents, ask-
ing them to call a toll-free number. Hard copies of the survey were also sent to hard-to-reach-respon-
dents.

Institutional and state data were obtained from other sources. Institutional data were obtained from the
Institutional Characteristics 1997-98 Survey. 12 bata were available for 4,025 institutions, including all of
the institutions sampled in the NSRCG. State data were obtained from a variety of well-established
archival sources.
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MEASURES

Variables used in the study were classified as outcome variables or predictor variables. The outcome
variables were our retention measures. Predictor variables were used to explain the outcome variables
and were further classified based on their level-of-analysis, that is, whether the variable described an
individual, an institution (that the individual attended) or a state (that the individual resided in).

OUTCOME VARIABLES: RETENTION BY HOME STATE
The logic and methodology for devising measures of retention were developed in our earlier study,
Where have all the students gone? Retention can be evaluated based on a comparison of the state an
individual lived in when they completed a specific educational milestone and the state they were
employed in during the target week for the NSRCG. In other words, from a state’s perspective reten-
tion is a reflection of the extent to which a state captures the economic potential of individuals who
have been educated within its borders, often at taxpayer expense.

Based on this logic, two retention measures were created: Retention/Most Recent Degree and
Retention/High School. For Retention/Most Recent Degree, graduates who were employed in the same
state they received their most recent degree from were coded retained; a graduate who was employed
in any other state was coded not retained. For Retention/High School, graduates who were employed in
the same state they received their high school diploma from were coded “retained;” a graduate who
was employed in any other state was coded “not retained.”13

An overview of the 50 variables examined in the study is presented in Table 1(next page). These are
organized by broad conceptual category so as to be more understandable to the reader. The sources for
these variables, and other computational details, are described in the endnotes.



TABLE 1

Embedded
Financial Assistance

Gender
GPA

Level of Degree

Major (Engineering Reference)
Number of Degrees
Professional Sophistication
Race (White Reference)

Stayer

Average Tuition
Carnegie Classification
Degree of Urbanization

Institution Affiliation (Public Non-Landgrant Reference)

Institution Enroliment

VARIABLE DEFINITION DATA/ CATEGORY TYPE
Age Respondent's age category Continuous (5 year groupings)
Annual Salary Annual salary Continuous ($10,000 units)
Citizen (US Citizen Reference) US Citizenship Temporary Resident, Permanent Resident (US Citizen reference)

Composite index 0-3 (Married, Spouse Working, Children in the home)
Source of Financial Assistance

Self identified gender

Undergraduate Grade-point-average

Degree Type

College Major

Number of degrees earned (Bachelor's or higher)

Attend Professional Conference or Membership in Professional Org
Self reported race

Stay in-state for college

Undergraduate tuition, (in-state/ out-state)
Carnegie Classification Code

Degree of Urbanization

Affiliation of Institution

Fall enrollment count

Composite index 0-3 indicating degree of community linkage

Repayable loans, Non-repayable grants, Earned from Employment, Employer
Assistance, Other

Male, Female

Grade-point-average (4.0 scale, .5 units)

Bachelor's, Master's

Computer/ Math, Life Sc., Physical Sc., Social Sc., (Engineer reference)
Continuous

Neither Conference nor Member, Either Conference or Member, Both
Conference & Member

Black, Asian, Hispanic, Native American (white reference)

Dichotomous (stay vs. leave)

Continuous ($1,000 unit)
Continuous (Range 9= Research | Univ to 0=Associate of Arts College)

Continuous (Range 1=Large City to 7=Rural)

Historically Black; Private Independent Non-Religious; Private Religious;
(Public Non-Landgrant reference)

Continuous (1,000 unit)
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TABLE 1 (CONT.)

VARIABLE DEFINITION DATA/ CATEGORY TYPE
seteevel: ]
Average technology wage Average wage in the high-tech industry 1995 Continuous (1,000 unit)
Digital Economy %%rgr[%g(sii%ﬁ Wgﬁxé’cfo(r%%@nﬁ ep,g)é)rltjlation; Commercial Internet Domain Names; and Digital Government) -- as Continuous
Economic Dynamism gggopr(t)site Index of (Gazelle Jobs; Job Churning; and Initial Public Offering)-- as reported in New Economy Continuous
Fed fund def per capita Federal Funds and grants (Dollars divided by population) Continuous E
Fed fund per capita Federal Funds and grants (Dollars divided by Gross State Product) Continuous :
Globalization Composite Index of (Export Focus of Manufacturing; and Foreign Direct Investment) Continuous o
Higher educ fund per capita Higher education current-fund Continuous E
Gross State Product per capita Gross state product, 1996 (Dollars divided by population) Continuous o
Income per capita Average personal income per capita, 1997 Continuous ($10,000 units) r'
Innov Capacity Composite Index of (High Tech Jobs; S&E; Patents; Industry Investments in R&D; and Venture Capital) Continuous l-
Knowledge Jobs Composite Index of (Office Jobs; Managerial, Professional, and Technical Jobs; and Workforce Education) Continuous m
Patents per residents per capita Patents issued to state residents, 1997 divided by population Continuous _l
Population Population, 1997 Continuous (millions) >
Quality of Life- Climate Mildness, Brightness, Stability are rated according to their influence on climate Continuous .<
Quality of Life- Cost of Living Eﬁ%ogts are weighted according to their relative importance in a typical four-person household's Continuous >
Quality of Life- Crime Violent crime and crime against property are evaluated. Continuous 3 z
Quality of Life- Education gg\s;%rjﬁrfnviv%%%gnpsrogresswely heavier, and no distinction is made between publicly and Continuous m U
Quality of Life- Health Care Factors influencing the easy of Health Care services are evaluated. Continuous -l
Quality of Life- Jobs Rate of current increase in jobs and number of jobs Continuous % E
Quality of Life- Recreation Recreation land, golf, movies and good food Continuous U :
Quality of Life- The Arts Bigness, Reading popularity, and Museum popularity Continuous n o
. . . Each fz?\ctqr is weighted differently-- connectivity is 60% of the final score, commute .is 30%, and . > E
Quality of Life- Transportation centrality is 10%. The sum of these weighted scores for each metro is then normalized such that Continuous
the 50 " percentile point is the average for all metro areas. z o
R&D Academic per capita Academic R&D, 1996 (millions) Continuous U r
R&D Industry per capita Industry R&D, 1995 (millions) Continuous > l-
Total R&D Performance per capita Total R&D performance, 1995 (thousands) divided by population Continuous % r
Work out-of-state Percent of state residents employed in another state Continuous w g
0
> <
n
205

T abed
-
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PREDICTOR VARIABLES
As described earlier, predictor variables were grouped by levels-of-analysis: individual-level, institution-
al-level, and state-level.

Individual-level predictors
Individual-level predictors were grouped into three domains: demographics, educational variables, and
social/economic variables:

Demographics

This set of predictors included a number of fairly typical demographic measures including: gender, citi-
zenship (U.S., permanent resident, temporary resident), race (white, black, Asian, Native American), age
and stayer, a variable reflecting whether an individual attended college (for their most recent degree) in
the same state that they received their high school diploma.

Stayer is really two distinct variables. Since graduates’ retentions are evaluated based on where they
completed their educational milestone (high school diploma or most recent degree), the interpretation
of this variable will differ for each outcome variable. For Retention/High School, this variable identifies
stayers (attended college in the same state as they attended high school) and leavers (attended college in a
different state than they attended high school). For Retention/Most Recent Degree, this variable identifies
stayers (attended college in the same state as they received their high school diploma) and arrivers
(attended high school in another state but attended college in the focal state). To avoid confusion we
will refer to this variable as stayer/leaver for Retention/High School and stayer/arriver for Retention/Most
Recent Degree. We also believe that this nomenclature also labels radically different kinds of experiences.
One can assume that the phenomenology of coming fresh into a new state to attend college, and then
deciding whether to work there or not, is quite different than that of the student who has spent most of
their life in the same state.

Educational factors

This set of variables describes an individual’s educational achievement and/or area of specialization and
included: major field (engineering, computer and mathematics, life science, physical science or social sci-
ence), grade point average (undergraduate), degree (bachelor’s/master’s), and number of degrees.

Social/economic

This set of variables attempted to measure certain aspects of an individual’s social and/or economic sta-
tus. The variables as measured tended to be fairly crude proxies for social and/or economic status and
included: embeddedness, a composite index that reflects the extent to which an individual is socially
embedded by virtue of being married, having children and having a working spouse; professionalism,
another composite index that reflects membership in professional organizations and participation in
professional conferences; and financial aid (source of tuition financial aid: employer, loans, grants, earn-
ings, other).

INSTITUTIONAL FACTORS
Institutional factors were descriptive of the higher education institution the graduate received
their most recent degree from. As described earlier, data were obtained from the Institutional



__—*

WHo WILL STAY AND WHO WILL LEAVE?

METHODS AND APPROACH

Characteristics Survey for 1997-98. Institutional variables included the following: affiliation (private inde-
pendent, private religious affiliation, pubic land grant, public other); Carnegie Classification, a measure
of how research intensive an institution is; faculty size; urbanization (of community university located
in); graduate student enrollment; undergraduate enrollment; and tuition charged.

STATE FACTORS

State variables were grouped into four categories: state demographics, general economic characteris-
tics, technology-based economic characteristics, and quality of life. Variables that were significant in
our previous study were examined.14 In addition, variables were gleaned from two additional sources
recently published: State of the New Economy15 and Places Rated Almanac. 16

State characteristics
Only one general characteristics variable was used: population.

General economic characteristics

The following economic characteristics were standardized based on state population: federal funding for
defense, federal funding, gross state product, higher education funding, income. 17 In addition, composite index-
es of economic dynamism (based on gazelle jobs, job churning, initial public offerings) and globalization
(export focus of manufacturing and foreign direct investment) were examined.

Technology-based economic characteristics

Technology-based economic characteristics (also standardized by state population where appropriate)
included: average technology wage, patents, academic R&D, industry R&D, total R&D performed. In addition, the
following composite indexes were examined: digital economy (on-line population, commercial internet
domain names, technology in schools, digital government), innovation capacity (high technology jobs,
scientists and engineers, patents, industry R&D, venture capital) and knowledge jobs (office jobs, mana-
gerial, professional, and technical jobs, workforce education).

Quality of life

Research has pointed to quality of life as an important ingredient in the location choices of knowledge
workers and technology-based companies.18 Since we were interested in state-level predictors and
quality of life is typically measured at the level of the metropolitan area, we had to develop our own
state-level indices.19 The following quality-of-life subfactors were used: cost of living, transportation,
jobs, higher education, climate, crime, arts, health care, recreation. For a detailed description of the variables
included in each of these measures the reader is referred to The Places Rated Almanac.

STATISTICAL ANALYSIS

The nature of the project placed several constraints on the most appropriate approach to statistical
analyses. For one, the primary outcome variable was that of in-state retention on the part of graduated
students in engineering and the sciences. As such, retention is a dichotomous, yes-no measure, a fact
that forced us to look for statistical tools that would be robust in handling this type of data.

A second constraint was our interest in identifying what combinations of predictor variables were
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most responsible for retention behavior. That is, we wanted to use a multivariate approach to under-
standing what was associated with retention.

Third, as the discussion above indicates, there were several levels of predictors (e.g., individual, institu-
tional and state) the team wanted to examine concurrently.

In order to accomplish the study objectives, within the constraints imposed by the nature of the data at
hand, logistic regression analysis was employed as the primary statistical tool.20 The mathematical
assumptions underlying this approach are consistent with the data available to the study team, the
approach is quite robust, and the results are intuitive and understandable by a lay audience. In effect,
individual predictor variables and combinations thereof will clearly differentiate former students into
those most likely to stay in state to work after graduation versus those who will leave. That is, what are
the key positive factors that promote retention versus the risk factors that encourage leaving?

Since we were considering a large number of variables and there is little a priori empirical or theoreti-
cal basis for identifying the most likely predictors, we decided to screen our variables empirically. That
is, a series of logistic regressions were performed: predictor-to-outcome, multiple variables in a
domain-to-outcome, and so on. Only if a variable was statistically significant at one stage (predictor-to-
outcome) was it considered at the next step (multiple variables in a domain-to-outcome). This approach
helped narrow the field of potential predictors and helped eliminate predictors that were redundant
(highly related) with other predictors. Finally, in order to ensure a greater degree of confidence in our
findings, given the relatively large sample size, we chose to use a more stringent level of statistical sig-
nificance, p<.001, as compared to the usual p<.05.

ANALYSIS STRATEGY

Screening predictor variables

As described in the previous section, the statistical analysis encompassed 44 predictor variables that
were assembled at the individual (13 variables), institutional (five variables), and state levels (26 vari-
ables) of analyses. Preliminary analysis examined simple one-to-one relationships between these predic-
tors and the outcomes. Predictors that were statistically important at this level were then subjected to
an analysis where they were grouped with other predictors from the same domain (e.g, demographics)
and level (e.g., individual, institutional or state characteristics) and re-examined. As a result of this pro-
cedure, 23 variables were retained for the final full model statistical analyses.
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This section will describe three types of results deriving from our analyses. One will acquaint the
reader with some broad descriptive statistics about the scope of the retention and migration phenome-
na. The second section will present in considerable detail the final predictive result of our analyses
that, as discussed above, was the main focus of the study. The final section will present some supple-
mental analyses we undertook to clarify some of our results as well as a summary of the variables that
predicted retention.

UNDERSTANDING RETENTION

The scope of interstate commerce of the best and brightest engineering and science minds is enor-
mous. Of those individuals who obtain their high school degree in a given state, 43.2 percent, almost
one out-of-every two science and engineering graduates, will take a job in another state when they
complete their college education. However, as our previous STC analyses demonstrate, retention can
vary tremendously across states. For example, the hiﬂhest performing states retained an estimated 81
percent while the lowest state retained 18 percent.2 For those governors, legislators, economic
development officials, and educational leaders who were already concerned about brain drain and the
New Economy, these figures should be cause for alarm.

Not only are these migration patterns large, but there is some evidence that they are stable over time
and cumulative in their impact. That is, if a given state has a relatively high rate of out migration of its
graduates without a corresponding in-migration of talent, then over time the human resource assets
available for participating in the knowledge economy are likely to become degraded.

For example, based on estimates of the retention of recent college graduates from 25 of the larger
states represented in the 1993 and 1997 NSRCG, 22 the general pattern of performance holds over
this period for most states. In fact, a computed correlation coefficient23 between 1993 and 1997
scores, which probably provides a conservative estimate, 24 was very high (r=.77) and statistically sig-
nificant. Brain drain seems to be a fairly stable phenomenon that may be difficult to turn around.

PREDICTING STATE RETENTION OF RECENT COLLEGE
GRADUATES — GRADUATES WHO RECEIVED THEIR

HIGH SCHOOL DEGREE IN THAT STATE

Table 2 presents predictive results for Retention/High School. Eight of the 12 variables examined in
these analyses were statistically significant predictors: stayer/leaver, grade point average, major, salary,
research intensiveness (Carnegie Classification), population, economic dynamism, and quality of life — health
care. It is important to realize that these variables are significant based on our multivariate analysis.
That is, they are significant after controlling for all the other variables in the analysis. Together these variables
reduce the error in the predicting the outcome measure by 30 percent. By almost any standard, this is
a very large effect.
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TABLE 2

Relationships with Retention

Summary of Overall Multivariate Logistic

; - Multivariate
High School (n=6,963) Odds ratic
Individual Level
Stayer 10.22*
Race (White Reference)

Hispanic vs. White 1.26

Black vs. White 1.03

Asian vs. White 1.36

Native American vs. White 1.20
GPA .870*
Major (Engineering Reference) @

Computer & Math vs. Engineering 1.42

Life Sciences vs. Engineering 1.60

Physical Sciences vs. Engineering 1.10

Social Science vs. Engineering 1.74
Salary (10k) 922+
Institutional Level
Carnegie Classification .960*
Average Tuition 1.00
Institution Affiliation (Public Reference)

Public Land grant vs. Public 0.78

Private Independent vs. Public 1.01

Private Religious vs. Public 1.30

Historically Black vs. Public 0.74
State Level
Population 1.03*
Economic Dynamism 0.91*
Digital Economy 0.97
Health Care 1.01*

p<.001 Analog R? = 30.15 percent

In order to interpret these results one needs to
understand two indices used in logistic regression:
odds ratio and analog R2. An odds ratio is a standard
statistic that indicates the size and direction of the
effect of an individual predictor. Odds ratio can be
interpreted relative to 1. An odds ratio of 1 would
indicate the predictor has no effect on the outcome.
An odds ratio above 1 indicates a unit change in the
predictor increases the odds of retention (multiplica-
tively1 ) by that amount. Thus, an odds ratio of 2
means every unit increase in the predictor increases
the odds of retention two times. An odds ratio below
1 indicates a unit change in the predictor decreases
the odds of retention (multiplicatively) by that
amount. An odds ratio of .75 means a unit increase in
the predictor decreases odds of retention by 25 per-
cent.L

On the other hand, analog RZisa summary statistic
that reflects the agg regated effect of all the predic-
tors. An analog R is a measure of error reduction.
An analog R? of .25 means that collectively the pre-
dictors improves our prediction (by reducing our
errors) 25 percent.
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INDIVIDUAL-LEVEL PREDICTORS

Stayer/leaver. The stayer/leaver variable (whether an individual stayed in-state to attend college or
left to attend college elsewhere) was an extraordinarily powerful predictor of retention. The odds that
a person would be working in the same state they attended high school in were increased over 10-fold
(1,022 percent) if that individual remained in state to attend college. In effect, stayers stay. We attempt
to shed some light on what factors are associated with this phenomenon in “Additional Analyses,”
below.

Grade point average (GPA). Increases in undergraduate GPA reduced the odds of retention. Every
half-point GPA-score (e.g., GPA of 2.5 to a GPA of 3.0) reduced the odds of that an individual would
end up working in the state that they received their high school degree in by 13 percent. In other
words, the best and brightest, as judged by GPA, are more likely to find employment out-of-state.

Major. The odds ratios regarding academic major in Table 2 are all comparisons to engineering.25 At
the risk of oversimplification, our results demonstrate that engineering and physical science majors are
significantly less likely to be retained than all other majors (life science, math/computer science, or
social science).26 For example, compared to an engineering major (which has the lowest reten-
tion),27 the odds of retaining a social science major are 70 percent higher, the odds of retaining a life
science major are 60 percent higher and the odds of retaining a computer/math major are 40 percent
higher. A post hoc comparison of math vs. computer science majors demonstrated that computer sci-
ence majors were significantly lower on retention and, thus, more like engineers and physical scien-
tists. All things being equal, engineers and physical science (and computer science) majors, with their
highly sought after technical skills, are less likely than other majors to be working in the state they
received their high school diploma.

Salary. Higher salaries (what an individual is currently earning) reduce the odds an individual will be
retained in a state’s job market. Every $10,000 increase in salary decreases the odds roughly 8 percent
that a person will be working in the state where they received their high school degree.

INSTITUTIONAL-LEVEL PREDICTORS
Research-intensive institution. If an individual received a degree from a more research-intensive

institution, as measured by Carnegie Classification, they were less likely to end up working in the state
where they received their high school degree. For every increase in level of research intensity (e.g.,
from a Research Il to a Research | or from a Doctoral University | to a Research Il) the odds decrease
a fairly modest (but statistically significant) 4 percent the person will be working in the state they
received their high school degree.

STATE-LEVEL PREDICTORS

Population. The bigger the state where the high school diploma was received, the more likely a
graduate is to be retained. Every increase in state population of 1 million increases the odds of reten-
tion roughly 3 percent. For instance, in a state with a population of 5 million, the odds that a graduate
would remain in the state to work would be 6 percent higher than in a state with a population of 3
million.




+ '—
WHO WILL STAY AND WHoO WILL LEAVE?

RESULTS

Economic dynamism. Increases in economic dynamism, an index comprised of measures of gazelle
companies, job churning, and value of companies’ IPOs, decrease the odds that an individual will be
retained.28 A unit increase in economic dynamism (scale ranges from about 3 to 11) decreases the odds
of retention by roughly 9 percent that a graduate will be working in that state after graduation from
college. This finding is hard to interpret. It suggests that science and engineering graduates will leave a
highly entrepreneurial state economy. An analysis of rankings from Where have all the students gone?
reveals that states high on economic dynamism tend to be low on retention, but high on net migration
(retention plus in-migration from other states). This suggests that states that experience a lot of pres-
sure from in-migration may lose their appeal or become too competitive for some local graduates.

Quality of life - health care. Increases in quality of life — health care increase the odds of retention. A
unit increase in quality of life — health care increases the odds of retention roughly 1 percent.

In summary, staying in state to attend college, majoring in something other than engineering or physical
sciences, attending high school in a more populous state and with higher health quality of life increases
the odds of retention. While getting a higher undergraduate GPA, earning a higher salary, attending a
research-intensive university, and attending high school in a state with high economic dynamism
decreases the odds of retention.

PREDICTING STATE RETENTION OF RECENT COLLEGE
GRADUATES — GRADUATES WHO RECEIVED THEIR

MOST RECENT DEGREE IN THAT STATE

Table 3 (following page) presents predictive results for Retention/Most Recent Degree. Twelve of the
19 variables examined in these analyses were statistically significant predictors: stayer/arriver, age, citizen-
ship, major, salary, degree of urbanization, research intensiveness (Carnegie Classification), institutional affilia-
tion, enrollment, population, work-out-of-state, and economic dynamism. While still large, compared to the
results just reported, this analysis produced a less powerful and efficient solution. Together these 12
variables reduce the error in predicting the outcome measure by 18 percent.

INDIVIDUAL-LEVEL PREDICTORS

Stayer/arriver. The stayer/arriver variable (whether an individual stayed in state to attend college or
arrived in a state for college after having received a high school diploma elsewhere) was a very powerful
predictor but not nearly as powerful as the stayer/leaver variable in the previous section. The odds that a
person would be working in the same state as they received their most recent degree from increased
over four-fold (423 percent) if that individual had also gone to high school in that state. In other words,
home-grown college graduates are more likely to be retained than college graduates who received their
high school education (and presumably have ties) elsewhere.

Citizenship. A second statistically powerful and policy relevant set of predictors concerned citizenship
status. 29 To summarize, non-U.S. nationals are more likely than U.S. citizens to stay and work in the
state where they receive their most recent degree. The qualification for this finding is that it only per-
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TABLE 3
Most Recent Degree (7,741) Multivariate
Individual Level
Age 1.08*
Stayer 4.22*
Race (White Reference)
Hispanic vs. White 1.33
Black vs. White 1.04
Asian vs. White 0.97
Native American vs. White 1.40
Citizen (US Citizen Reference) *
Permanent Resident vs. US Citizen 1.98
Temporary Resident vs. US Citizen 1.44
Major (Engineering Reference) *
Computer & Math vs. Engineering 1.26
Life Sciences vs. Engineering 1.06
Physical Sciences vs. Engineering 1.02
Sacial Science vs. Engineering 1.29
Salary (10k) 0.85*
Embedded 1.05
Institution Level
Degree of Urbanization 1.12*
Carnegie Classification 0.94*
Enrollment Total 1.01*
Average Tuition 0.98
Institution Affiliation (Public Other Reference) *
Public Land grant vs. Public Other 0.64
Private Independent vs. Public Other 0.99
Private Religious vs. Public Other 0.84
Historically Black vs. Public Other 0.49
State Level
Population 1.03*
Work out-of-state 0.95*
Income Per Capita 0.98
Economic Dynamism 0.95*
Arts 0.99
Crime 1.00
Transportation 1.01
* p<.001 Analog R? =18.24 percent
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tains to noncitizens who are working somewhere in the U.S. after graduation (as opposed to those who
have returned to their home country).30’ 31 That notwithstanding, the magnitude of the effect of this
variable is considerable. Compared to a U.S. citizen, the odds of a permanent resident staying on to
work where he or she received their degree is 98 percent higher. Similarly, the odds of a temporary res-
ident staying on in the state where they matriculated are 44 percent higher than for U.S. citizens. We
attempt to confirm the validity of these effects in our “Additional Analyses” section below.

Major. In essence, major has roughly the same effect here as it did for Retention/High School.
Engineering and physical science majors are significantly less likely to be retained than computer/math
and social science majors (but not compared to life science). The odds of retaining a computer/math
major are 26 percent higher and the odds of retaining a social scientist are 29 percent higher than an
engineering major (which had the lowest retention). A post hoc comparison of math vs. computer sci-
ence majors demonstrated that computer science majors were significantly lower on retention and,
thus, more like engineers and physical scientists.

Age. Older students tend to have higher odds of being retained in the state where they received their
most recent degree than younger students. Every five-year increase in age increases the odds of reten-
tion about 8 percent.

Salary. Consistent with our previous results, higher salaries reduce the odds of retention. Every
$10,000 increase in salary decreases the odd approximately 15 percent that a person will be working in
the state where they received their most recent degree.

INSTITUTIONAL-LEVEL PREDICTORS

Research-intensive institution. Consistent with our previous results, individuals who receive their
degree from a more research-intensive institution are less likely to be retained. For each one-level
increase in research intensity (range from 1-8) the odds decrease 6 percent the person will be working
in the state they received their most recent degree.

Institutional affiliation. Institutional affiliation, or the type of institution an individual attends (e.g.,
public, private), affects the odds of retention. In a nutshell, the odds of retention are higher for students
who attend public other, private independent, private religious institutions than for public land grant and his-
torically black institutions. For instance, receiving a degree from a public land grant school decreased the
odds 36 percent that one would be retained compared to attending public other institutions. Of even
greater magnitude, receiving a degree from a historically black institution decreases the odds 51 per-
cent compared to other public institutions. One interpretation of these findings (untestable with the
current database) is that land grant and HBCU institutions may mount placement services that are more
national in scope, or at least attract a larger number of national companies. Given the relative shortage
of minority scientists and engineers, that interpretation seems to fit with HBCUs.

Degree of urbanization. The more urbanized the community is that students live in when they
receive their degree, the higher the odds they will be retained. Every unit increase in urbanization
(scaled from 1, large city, to 7, rural) increases the odds of retention by approximately 12 percent.
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Enrollment. Larger enroliment universities increase retention (1 percent for every 1,000-student
increase).

STATE-LEVEL PREDICTORS

Population. Consistent with our earlier results, the bigger state that graduates received their most
recent degrees from, the more likely they are to be retained. Every 1 million increase in state popula-
tion increases the odds of retention roughly 3 percent.

Economic dynamism. Increases in economic dynamism decrease the odds that an individual will be
retained. A unit increase in economic dynamism decreases the odds of retention by roughly 5 percent
that they will work in that state after graduation from college.

In summary, staying in state to attend college, being a foreign student majoring in something other
than engineering or physical sciences, being older, attending a university in a more urban environment
or with a larger enrollment, and attending college in a bigger state increase the odds of retention.
While earning a higher salary, attending a research intensive university or a university with a higher
tuition or a land grant university, and attending high school in a state with high economic dynamism
decrease the odds of retention.
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ADDITIONAL ANALYSES
Some additional analyses were performed to clarify some of our findings and/or to evaluate related
questions.

GETTING A BETTER UNDERSTANDING OF STAYERS

By far the largest effect observed in our study (for both outcome variables) was the influence of stayer.
In order to make our logistic regression-based results a little more accessible to the lay reader, we
decided to present retention data in percentages for stayers, leavers, and arrivers. While this presenta-
tion is not exactly equivalent to our multivariate findings, it will make the influence of staying, leaving,
and arriving a little clearer. As Table 4 demonstrates, the average state can expect to retain 76 percent
of its stayers (attend high school and college in same state), 43 percent of its arrivers (attended high
school elsewhere but received most recent degree in focal state), and 23 percent of its leavers (attended
high school in focal state then left to attend college elsewhere). As our earlier results implied but did
not demonstrate, arrivers are intermediate between stayers and leavers in terms of their likelihood of
retention. When calculated, the odds ratio for leavers vs. arrivers turns out to be 2.5. That is, arrivers
are roughly 2.5 times more likely to be retained than leavers.

TABLE 4

AVERAGE STATE RETENTION OF GRADUATES
Stayers Arrivers Leavers
76% 43% 23%

In summary, while the average state will lose most of their leavers, they usually compensate for some of
that loss because they will retain nearly half of their arrivers. As a consequence, all other things being
equal, the relative size of a state’s leaver and arriver cohorts should influence downstream retention.
States that have lots of students leaving to attend college in other states and few students arriving from
elsewhere to attend college in state will typically pay a price down the road in terms of a smaller sci-
ence and engineering labor force.

To further understand this phenomenon, additional analyses were conducted to shed some light on who
stays and who leaves. On a somewhat discouraging note, a cluster of best and brightest variables pre-
dicted leaving: GPA, M.S degree, financial aid — scholarship. That is, those who went on to post higher grade
point averages in college, who eventually achieved a M.S., who received a college scholarship, were less
likely to stay home for college. Individuals who reported working to pay their tuition were more likely
to stay.32 These relationships have policy significance that will be explored below.

WHAT ABOUT INFORMATION TECHNOLOGY WORKERS?
Although it was not directly coded in our variables, we were able to create a variable for information
technology worker or skills. 33 Despite the wide discussions in policy circles and the popular press on
the importance of “information technology workers in the New Economy,” we failed to find a relation-
ship in this study. That is, when we substituted this variable for major in our multivariate analysis, it did
not have a unique relationship to the outcome variables. This may be a function of a weakness in our
predictor variable or an inadequacy in the way the term “IT worker” is defined.
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ARE FOREIGN STUDENTS REALLY MORE LIKELY TO

BE RETAINED?

In the analyses that evaluated the impact of citizenship, we had to make a decision about how to han-
dle coding for the stayer/arriver variable for foreign students. We were confronted with two options:
consider this variable missing data and ignore foreign students in our analyses or code virtually all of
these students arrivers since they did not attend high school in the U.S., let alone in the state they
attended college. We chose the latter option. Since some researchers might disagree with this deci-
sion and might believe it biased our findings, we decided to conduct some additional analyses. First,
we evaluated the simple bivariate relationship between retention and citizenship. Next, we repeated
our multivariate analyses without the stayer/arriver variable. These analyses tended to confirm our ear-
lier analyses. Foreign students who were permanent residents were still more likely to be retained.
However, foreign students who were temporary residents were either less likely (bivariate) or showed
no difference.34 In our view, these analyses appear to support the more limited conclusion that for-
eign permanent residents are more likely to be retained than U.S. citizens.

WHAT DID NOT PREDICT RETENTION?

Not surprisingly, many of the variables we considered promising predictors did not explain retention,
at least in our multivariate model. These include: gender, race, degree, number of degrees, embeddedness,
professionalism, financial aid, faculty size, most of our state general economic conditions (except econom-
ic dynamism), all of our state technology-based economic conditions, and most of our quality-of-life
measures (except for health care).

Some of these seemed like important and policy relevant variables. For example, gender seemed to
be related when examining one-to-one relationships with outcomes (females were more likely to be
retained), but it dropped out of later analyses because its predictive contribution was redundant with
other predictors. In effect there is no unique contribution of gender to the retention phenomena.
Similarly, there were some statistical findings that suggested race and ethnicity might be an important
contributing factor; however, when combined with other variables, its unique contribution was
redundant with other predictors.

The research team also assumed that a measure of socio-economic status might be a determinant of
graduated students’ migration decisions. While an admittedly crude index of financial status was sta-
tistically important in some of the earlier analyses, this also washed out in the final analyses.
However, we think this question is still open and it would be useful if subsequent additions of the
NSRCG database examined this more carefully.

As a final area of potential predictive relationships, the findings on relationships between quality of
life were inconclusive and discouraging. Only one quality of life indicator (health care) entered into
the final set of predictors. However, we think this question is still open. We think our method of cre-
ating state-level indicators was too blunt an instrument to answer these questions.

In our conclusions, we make some recommendations for how future research might be able to test
these questions in a more definitive manner.
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DISCUSSION AND POLICY RECOMMENDATIONS

This analysis of student migration that occurs shortly after college graduation (roughly 1.75 years to
2.75 years) began with a large number of potential predictors, and ended up with but a few that were
found to be statistically important. As we expected, the current multi-level multivariate analyses of
retention paints a different, and we think more complete, picture of the factors that predict retention
compared to our earlier single level-of-analysis (state level) study, Where have all the students gone? While
a number of variables were important in both studies, most notably stayer (and population size, work-
out-of-state (percentage)), these findings highlight a number of additional individual and institutional
variables that have enlightening policy and practice implications.

In this section, we will dwell on those significant predictors that seemingly have the most profound
repercussions on institutional and state policies and practices. In addition, we will make some com-
ments on methodological issues, particularly the usefulness and shortcomings of the NSRCG database.

STAYERS STAY

Whether or not a student graduating from high school goes on to college in the same state was by far
the most important predictor of where he or she worked after college graduation. However, policy
makers probably need to consider three different groups: stayers (high school and college in same state),
leavers (high school in focal state, then college elsewhere), and arrivers (high school elsewhere, then col-
lege in focal state). Stayers are the best bet; the odds of retaining them are 10 and four times greater
than leavers and arrivers, respectively. However, it is also worth noting, the odds of retaining arrivers is
2.5 times greater than leavers.

Policy implications

We are a very mobile society and some students are going to decide to leave home to attend college in
other states. As a consequence, states need to pay close attention to the relative number of leavers and
arrivers. States that attract at least as many college enrollees from other states as they lose will be in a
much better position than states that tolerate a one-way (out) traffic in college enrollees.

Regardless, states need to intervene earlier in the educational and vocational choices made by their
young people. They can gain significant relative advantage by harvesting talented high school graduates
from their state by aggressively encouraging and giving them incentives to stay home for college. As
examples, Georgia’s Hope Scholarship program, Nevada’s Millennium Scholarship plan, and Michigan’s
Merit Award program have all been structured to provide tuition subsidies for students with above aver-
age high school grades and/or high standardized national test scores.

TARGET THE BEST AND BRIGHTEST

Our findings appear to confirm the worst fears of some policy makers — out-migration is higher among
the best and brightest. Retention/High School negatively related to GPA and leavers tend to have high-
er GPAs, more scholarship offers, possess more advanced degrees, etc.
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Policy implications

As suggested by our data, some retention programs probably do not go far enough in that they are not
highly selective in terms of expectations regarding high school academic performance. States need to
exert special effort on their very best and brightest people, such as those who are in the top few per-
centiles on national competitive exams. Our evidence indicates that many of these students leave their
home states after high school and are likely not to return. In effect, academic stars in high school tend
not to be stayers, nor do they come home for their first job. In response, states could make an effort to
more than match any external scholarship offer made to National Merit Scholarship winners from
their state, provided that they attend an in-state institution. Similarly, highly competitive scholarship
offers could be extended to high school valedictorians. These scholarships could go beyond tuition
support, and include room, board, and related expenses. In fact, states could mimic the negotiating
behavior of new car dealers, automatically upping the ante 10 percent over any competitive offer.
Similarly, states might become nationally competitive in the recruitment of Merit Scholars from other
states. Of course, such efforts might be counterproductive if they were paid for by reducing support
for need-based scholarships, which allow some students to attend college who otherwise might not.

There is also reason to believe that another ingredient in successfully recruiting talented high school
graduates involves the national reputation of in-state colleges and universities. 6 This is particularly
important for the academic elite and their parents, who both pay attention to the various ratings and
rankings of higher education institutions. They are attracted to institutions that can boast of national
standing in those academic disciplines that coincide with long-term career goals. That suggests state-
based institutions should build a distinctive culture of excellence that emulates that of the historically
elite colleges and universities. Moreover, to the extent that a state wants to feature technology as an
important ingredient in its economic development strategy — and to maximize the attraction and
retention of talented people as a key tactic — then it needs to focus resources on those science and
engineering departments in its colleges and universities that function as a magnet for the best and
brightest.

ARRIVERS STAY

As reported above, arrivers from other states tend to stay on in employment in the state where they
receive their college degree. Moreover they do so at a rate that is quite a bit higher (43 percent vs. 24
percent) than those leaver individuals who are native to a state and then decide to go elsewhere to col-
lege after finishing high school. Depending on the quality of this influx, these individuals provide an
important vehicle for states to replenish their pool of science and engineering graduates, particularly if
those states are beset by a relatively high rate of leavers.

Policy implications

The arriver phenomenon has important implications for states, as well as for state-supported academic
institutions. In many states, out-of-state enrollees are seen as interlopers who are taking up a place
that might be allocated to qualified in-state high school graduates, and who therefore should be sub-
jected to out-of-state tuition fees that are often extraordinarily high. For institutions, this has been a
significant source of revenues.
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Our results suggest that this approach should be reconsidered. It may be more in the economic devel-
opment interest of states to provide vehicles by which out-of-state tuition charges can be relaxed,
deferred, or exempted. For example, if a science or engineering student arriver remains after graduation
to work in a technology-based company, there could be a multi-year tax credit under which all out-of-
state fees could be returned. Alternatively, an arriver student could have out-of-state fees waived while
still in school if he/she promised to accept an in-state job after graduation. To the extent that such poli-
cies would negatively impact institutional revenues, an accompanying policy of institutional reimburse-
ment would be needed.

In addition to accommodating out-of-state arrivers who voluntarily enroll, our findings also suggest that
states and state-supported institutions should be more aggressive generally in marketing their science
and engineering programs in prospective high school graduates in other states. To compete in this larger
market, of course, they would have to present an attractive image (and reality) of academic excellence,
which would have positive implications for all concerned. Elsewhere in this section we have suggested
that more expansive approaches to scholarship aid be considered, particularly regarding elite high
school students from other states who are considering science and engineering careers.

IMMIGRANTS STAY

Foreign students may play a critical role in the U.S.’s science and engineering workforce. About 12.7
percent of all scientists and engineers are foreign born (26.1 percent of Ph.Ds).37 A recent report sug-
gests that U.S. economic development will benefit if universities “attract the smartest people from
around the world—the true wellspring of the knowledge economy.”38 According to our findings, states
would be well advised to heed that message. Foreign students who are permanent residents are more
likely to stay where they received their most recent degree than are U.S. citizens. This seems to be a
fairly powerful and robust finding, which given the ongoing and often painful discussion about the
prominence of foreign students in science and engineering programs, ought to be of interest to academ-
ic and lay leaders alike.

Policy implications

Consistent with the long and vibrant history of newcomers being welcomed and assimilated into
American life, states and institutions should make special efforts to integrate these individuals into local
society and business. From our data, the payoff in increasing the number and quality of their state-based
technology talent pool would be more than rewarded. It would also probably be useful to start these
integrating efforts earlier in the foreign student’s academic career. Within the regulations imposed on
student visas, a greater frequency of interaction with state-based technology companies during sopho-
more and junior years might be mutually beneficial.

ENGINEERS AND PHYSICAL SCIENTISTS LEAVE

The data are relatively clear that, compared to other majors and disciplines, engineers, computer scien-
tists and physical scientists are less likely to be retained in state-based employment after graduation. The
magnitude of the effect seems to be considerable. While some of this phenomenon is likely a function of
the typical career patterns of engineers, which often demand multiple job moves, it ought to be worri-

some to states that have a thin supply of these highly trained technical specialists.
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Policy implications

While this group of graduating students will always be in great demand in the New Economy, states
and institutions can engage in a number of practices that may decrease the rate of out-migration. Both
Arkansas and Pennsylvania have targeted financial assistance programs for individuals with specific
skills or backgrounds.39 These loans become scholarships if the individual works in the state after
graduation. Also, if students are engaged with local industry during the educational experience, they
may be more likely to stay on after graduation. This suggests more extensive and intensive use of
internship and co-op experiences with state-based industry, as well as career fairs that might be exclu-
sively focused on state-based employers. Consistent with this view, Virginia is trying to initiate a pro-
gram that will use tax incentives to create 5,000 internship opportunities with technology companies
for high school and college students. 40

INSTITUTIONAL AFFILIATION MATTERS

The data strongly suggest that receiving a degree from a land grant school or a historically black col-
lege or university, or a higher Carnegie Classification institution for that matter, lowers the odds that
one will be retained in employment in the state where one received that degree. The magnitude of this
effect appears to be large but our database has severe shortcomings for understanding the underlying
phenomenon. Thus we can only speculate and hypothesize. One possible explanation is that land grant
schools, HBCUs and higher Carnegie institutions engage larger and more national pools of potential
employers during the placement process than do other public institutions that have a more regional
character. It is also possible that faculty at such institutions have a larger, more national network of
employment contacts their students can tap into. Another explanation is that individuals who are more
inclined to be mobile are attracted to these kinds of institutions. Similar factors may explain other
institutional predictors such as degree of urbanization and size of enrollment.

Policy implications

If further investigation confirms the validity of these findings, there are some potential solutions to
increase the number of students hired in state. For example, some placement offices hold state-
focused career fairs where local employers get first crack of the crop of graduating students.

OPPORTUNITIES ARE NEEDED TO KEEP OR ATTRACT

TALENT

Our study focused on factors that affect retention at the individual level. Although state economic fac-
tors did not figure prominently in our results, state population, a proxy for economic development,
did predict retention. We believe, and our earlier study demonstrated, economic factors (e.g., income
per capita, average technology wages) do exert an influence on retention and net migration.

Policy implications

States that focus on the talent and ignore the opportunity side of the equation (and vice versa) do so at
their own risk. On this issue we would agree with Richard Florida who concluded, “Still, the universi-
ty is only one part of the system of attracting and keeping talent in an area. It is up to companies and
other institutions in the region to put in place the opportunities and amenities required to make the
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region attractive to that talent in the long run. If the region does not have the opportunities or if it
lacks amenities, the talent will leave."4L

ISSUES PERTAINING TO DATA AND METHODOLOGY

This project involved the re-analysis of an excellent National Science Foundation database, the National
Survey of Recent College Graduates (NSRCG) in order to explore the scope and predictors of inter-
state migration of science and engineering talent. The NSRCG database was not developed for that spe-
cific purpose, but it proved, nonetheless, to be flexible and accommodating to most of our research
needs. However, to the extent that we or other researchers intend to pursue this line of analysis, we
believe the NSRCG could be improved with some relatively small modifications.

Sampling strategy

The general purpose of the NSRCG is to use survey data collection to make defensible national esti-
mates of various variables that seem to relate to the post-graduation experiences of science and engi-
neering students in the U.S. This is a worthwhile goal, and the survey itself is very professionally
designed, field data collection procedures are first rate, and the data that are made available to
researchers are relatively easy to work with. However, for our purposes there are some shortcomings in
how the study sample for NSRCG is currently developed. Without going into excruciating detail, the
study sample is designed to be representative from a national perspective, and not necessarily for each
of the states. In past STC work, we have made estimates of the value of state variables that we have con-
structed, albeit with some trepidation in some of the lower population states. As has been noted above,
the size of the national sample for the 1997 database used in the current project was significantly
reduced from that in the 1993 database. In effect, the number of observations in many of the states was
too small to make methodologically defensible estimates of state parameters.

The issues raised in this study as well as in the previous Southern Technology Council report42 have
been of great interest to state-level political, academic, and economic development leadership. The NSF
would be advised to make a modest investment in building a somewhat different sampling strategy that
could encompass both national and state-level variables that are statistically defensible.

Missing variables

From a more selfish perspective, it would also be useful for NSRCG to add questions reflecting vari-
ables of conceptual relevance to migration phenomena. This could be done on a one-time or periodic
basis, so as not to embargo valuable questionnaire space. Several examples come to mind.

For one, it would be extremely useful to have data on the exposure of students, during their years of
matriculation, to potential employers. These might include participation in internship programs, co-op
experiences, industry-sponsored research projects, or placement events. The data collection might also
explore the extent to which these experiences involved state-based or out-of-state employers.

Another compound rating-type question might gather data on the relative importance of various factors
in deciding what job offer to take after graduation. These could be an opportunity to explore the more
typical decision factors (e.g., pay, job/skill congruence) as well as personal factors (e.g., proximity to
family) and other factors that seem to be more relevant to New Economy workers. The latter would
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include various quality-of-life indicators, such as recreational opportunities, cost of living, crime rates,
and natural beauty.

In summary, it is recommended that the NSF continue its dialogue with researchers who use the
NSRCG database, and explore ways to make it more useful to address questions that are both theory-
driven and public-policy relevant, particularly at the state level.

FUTURE PUBLIC POLICY RESEARCH, ANALYSIS, AND

PROGRAM DEVELOPMENT

This study, as well as others conducted by STC and other researchers in this field, has barely tapped
the surface of a vein of inquiry that has significant relevance to the current economic environment. It
is also a topic that is of great intuitive interest to parents, students, educators, and public policy lead-
ers. After all, where the talented new graduate ends up spending his/her work life is of great import.

In terms of the policy recommendations discussed above, important public policy research questions
need to be addressed, which in turn could lead to a more focused set of programs and policies. As fol-
lows:

1. Our recommendations concerning state scholarship programs seem consistent with the data,
and make intuitive sense. However, we don’t know enough about what students are being
assisted by these programs, and what students are being missed. Some disciplined, quantitative
evaluation research needs to be conducted on the older state scholarship programs.

2. We need better data on the best mix of institutions in a state, from the perspective of reten-
tion and attraction of out-of-staters. This gets to the nonmonetary attraction side of the stay-
ers vs. leavers phenomenon. For example, it may prove to be the case that states should dra-
matically strengthen their four-year, teaching-oriented schools as much as they focus on
research-intensive institutions. After all, aside from beaches, mountains and high-tech employ-
ers, the net migration champion of the country (California) also has one of the most well-
developed, intersecting networks of higher education. This includes a vast community college
system, the Cal State system of primarily four-year schools, and the University of California
campuses. Regardless, given the importance of where one attends college on retention, it
would be valuable to gain a better understanding of the factors that affect these decisions.

3. We need to better understand what is going on in students’ minds, as they ponder different
employment opportunities. What are the key decision factors, and when do they exert their
maximum impact on choices such as attending college in or out of state or where to work?
Also, what role does the large number of education, industry, and government
partnerships43 play in student’s decision making? To do this properly demands more than a
single point-in-time approach. What is called for is a more qualitative, anthropological
methodology that can engage a significant group of student informants during their last few
months of undergraduate or graduate education. Given the current project, and the growing
body of relevant research in the open literature, this could be a fairly focused and productive
inquiry.
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4.

We need to broaden the analysis and discussion of personnel migration issues into a larger
debate on social policy. While the retention and migration of talented people is of great impor-
tance in terms of technology-based economic development, the predictors thereof and the
resultant policy implications have broader social policy relevance. After all, larger investments
in scholarship increase educational opportunity per se. On the other hand, redirecting fixed
scholarship support from need-based to merit-based uses may have the opposite effect. Paying
more positive attention to foreign students may be desirable from the perspectives of both eco-
nomics and public morality. A university that is more connected with its economic environment
is likely to be a contributor to improvement in a variety of domains in the larger society. To the
extent that nonfinancial variables (e.g., quality of life — schools, environment, sprawl) become
more definitively related to vocational choices and migration, this could focus more attention
to resolving these long-standing problems. In effect, personnel migration has the potential to be
one of those rare, cross-cutting public policy issues that influence events far beyond the imme-
diate and more obvious focus of activity.
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How important are these issues? We think they are very important. Between 1998 and 2008 employ-
ment in science and engineering occupations is supposed to increase by 51 percent or four times the
rate for other occupations."'4 Jobs in the computer field will double during the same period.45
However, production of bachelor’s level scientists and engineers has been flat in most science and
engineering fields recently.46 Similar trends are apparent in master’s degrees in these fields. Although
enrollment in higher education is supposed to grow over the next decade, it is far from certain that
the supply of scientists and engineers will meet the anticipated demand. If the current shortages of sci-
entists and engineers persist or gets worse, a state’s ability to retain its technical human capital, and
not cheaper labor and various tax incentives, may decide its place in the New Economy. As one
employer put it, “We think it’s easier to recruit strong people if you’re willing to come to the people
rather than have the people come to you."47



‘+h__

ENDNOTES

WHO WILL STAY AND WHoO WILL LEAVE?

ENDNOTES

L There are any number of references that could be mentioned in this context. One of the more readable, and one that is
coupled with a set of New Economy state indices, is: Atkinson, R.D., Court, R.H., And Ward, J.M. The State New Economy
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